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Dear Ms. Edwards:

Enclosed is the National Oceanic Atmospheric Administration (NOAA) National Marine
Fisheries Service’s (NMFS) final biological opinion (Opinion), issued under the authority
of section 7(a)(2) of the Endangered Species Act (ESA), on the effects of the U.S.
Environmental Protection Agency’s (EPA) proposed registration of pesticide products
containing the active ingredients carbaryl, carbofuran, and methomyl on endangered
species, threatened species, and critical habitat that has been designated for those species.
This Opinion assesses the effects of all pesticides containing carbaryl, carbofuran, or
methomyl on 28 listed Pacific salmonids.

After considering the status of the listed resources, the environmental baseline, and the
direct, indirect, and cumulative effects of EPA’s proposed action on listed species, NMFS
concludes that pesticide products containing carbaryl and carbofuran are likely to
jeopardize the continuing existence of 22 listed Pacific salmonids as described in the
attached Opinion. NMFS also concluded that the effects of carbaryl and carbofuran are
likely to destroy or adversely modify designated habitat for 20 of 26 listed salmonids.
NMES has not designated critical habitat for two listed salmonids. NMFS determinations
for no jeopardy and no adverse modification of critical habitat apply to Ozette Lake
sockeye salmon, Snake River sockeye salmon, Northern California steelhead, Columbia
River chum salmon, Hood Canal summer-run chum salmon, and Oregon Coast coho
salmon. We further conclude that pesticide products containing methomyl are likely to
jeopardize 18 listed Pacific salmonids and likely to destroy or adversely modify critical
habitat for 16 of 26 salmonids with designated critical habitat. NMFS determinations for
no jeopardy and no adverse modification of designated critical habitat apply to California
Coastal Chinook salmon, Snake River fall-run Chinook salmon, Snake River
spring/summer-run Chinook salmon, Ozette Lake sockeye salmon, Snake River sockeye
salmon, Northern California steelhead, Columbia River chum salmon, Hood Canal
summer-run chum salmon, Oregon Coast coho salmon, and Snake River steelhead. As
NMEFS has not designated critical habitat for the Lower Columbia River coho salmon or
Puget Sound steelhead, the action area contains no designated critical habitat for these
species. Thus, the Opinion presents no further critical habitat analysis for the Lower

~ Columbia River coho salmon and Puget Sound steelhead.
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As required by section 7 of the ESA, NMFS provides an incidental take statement with
the Opinion. The incidental take staternent describes reasonable and prudent measures
NMEFS considers necessary or appropriate to minimize incidental take associated with
this action. The incidental take statement also sets forth nondiscretionary terms and
conditions, including reporting requirements that EPA and any person who performs the
action must comply with to carry out the reasonable and prudent measures. Incidental
take from actions by EPA and the applicants that meets these terms and conditions will
be exempt from the ESA section 9 prohibitions for take.

This Opinion assesses effects to listed Pacific salmonids pursuant to the ESA. It does not
address EPA’s obligation under the Magnuson-Stevens Fishery Conservation and
Management Act to consult on effects to essential fish habitat (EFH) for salmonids and
other federally-managed species. Please contact Mr. Tom Bigford or Ms. Susan-Marie
Stedman in NMFS’ Office of Habitat Conservation at 301-713-4300 regarding the EFH
consultation process.

If you have questions regarding this Opinion please contact me or Ms. Angela Somma,

Chief of our Endangered Species Division at (301) 713-1401.

SinCerely,

Mub\,

,&;( James H. Lecky
Director

Office of Protected Resources
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Section 7(a)(2) of the Endangered Species Act of 1973, as amended (ESA; 16 U.S.C.
§1531 et seq.) requires each federal agency to insure that any action they authorize, fund,
or carry out is not likely to jeopardize the continued existence of any endangered or
threatened species or result in the destruction or adverse modification of critical habitat of
such species. When a federal agency’s action “may affect” a protected species, that
agency is required to consult formally with the National Marine Fisheries Service
(NMFS) or the U.S. Fish and Wildlife Service (USFWS), depending upon the endangered
species, threatened species, or designated critical habitat that may be affected by the
action (50 CFR §402.14(a)). Federal agencies are exempt from this general requirement

if they have concluded that an action “may affect but is not likely to adversely affect”



endangered species, threatened species or designated critical habitat (50 CFR

§420.14(b)).

The United States (U.S.) Environmental Protection Agency (EPA) initiated consultation
with NMFS on its proposal to authorize use, pursuant to the Federal Insecticide,
Fungicide, and Rodenticide Act (FIFRA), 7 U.S.C. 136 et seq., of pesticide products
containing the a.i.s (a.i.s) of carbaryl, and methomyl on April 1, 2003, and of carbofuran
on December 1, 2004. EPA authorization of pesticide uses are categorized as FIFRA
sections 3 (new product registrations), 4 (reregistrations and special review), 18
(emergency use), or 24(c) [Special Local Needs (SLN)]. At that time, EPA determined
that uses of pesticide products containing these ingredients “may affect” most of the 26
Evolutionarily Significant Units (ESUs) of Pacific salmonids listed as endangered or
threatened and designated critical habitat for the ESUs. This document represents
NMFS’ biological opinion (Opinion) on the impacts of EPA’s authorization of pesticide
products containing the above-mentioned a.i.s on the listed ESUs, plus on two newly
listed salmonids. This is a partial consultation because pursuant to the court’s order, EPA
sought consultation on only this group of listed species under NMFS’ jurisdiction.
However, even though the court’s order did not address the two more recently listed
salmonids, NMFS analyzed the impacts of EPA’s action to them because they belong to
the same taxon. NMFS analysis requires consideration of the same information.
Consultation with NMFS will be completed when EPA makes effect determinations on

all remaining species and consults with NMFS as necessary.

This Opinion is prepared in accordance with section 7(a)(2) of the ESA and
implementing regulations at 50 CFR §402. However, consistent with the decision in

Gifford Pinchot Task Force v. USFWS, 378 F.3d 1059 (9™ Cir. 2004), we did not apply

the regulatory definition of “destruction or adverse modification of critical habitat” at 50
CFR §402.02. Instead, we relied on the statutory provisions of the ESA to complete our

analysis of the effects of the action on designated critical habitat.



This Opinion is based on NMFS’ review of the package of information the EPA
submitted with its 2003 and 2004 requests for formal consultation on the proposed
authorization of the above a.i.s. It also includes our review of recovery plans for listed
Pacific salmonids, past and current research and population dynamics modeling efforts,
monitoring reports from prior research, Opinions on similar research, published and
unpublished scientific information on the biology and ecology of threatened and
endangered salmonids in the action area, and other sources of information gathered and
evaluated during the consultation on the proposed authorization of a.i.s for carbaryl,
carbofuran, and methomyl. NMFS also considered information and comments provided

by EPA and by the registrants identified as applicants by EPA.

Background

On January 30, 2001, the Washington Toxics Coalition, Northwest Coalition for
Alternatives to Pesticides, Pacific Coast Federation of Fishermen’s Associations, and
Institute for Fisheries Resources filed a lawsuit against EPA in the U.S. District Court for
the Western District of Washington, Civ. No. 01-132. This lawsuit alleged that EPA
violated section 7(a)(2) of the ESA by failing to consult on the effects to 26 ESUs of

listed Pacific salmonids of its continuing approval of 54 pesticide a.i.s.

On July 2, 2002, the court ruled that EPA had violated ESA section 7(a)(2) and ordered
EPA to initiate interagency consultation and make determinations regarding effects to the

salmonids on all 54 a.i.s by December 2004.

In December 2002, EPA and the USFWS and NMFS (referred to as the Services) began

interagency discussions for streamlining EPA’s court ordered consultations.

On January 24, 2003, EPA and the Services published an Advance Notice of Proposed
Rulemaking seeking public comment on improving the process by which EPA and the

Services work together to protect listed species and critical habitat (68 FR 3785).



Between May and December 2003, EPA and the Services reviewed EPA’s ecological risk
assessment methodology and earlier drafts of EPA’s “Overview of the Ecological Risk
Assessment Process in the Office of Pesticide Programs, U.S. Environmental Protection
Agency (Overview Document)”. EPA and the Services also developed counterpart

regulations to streamline the consultation process.

On January 22, 2004, the court enjoined application of pesticides within 20 (for ground)
and 100 (for aerial) feet (ft) of streams supporting salmon. Washington Toxics Coalition

v. EPA, 357 F.Supp. 2d 1266 (W.D. Wash. 2004). The court imposed several additional

restrictions on pesticide use in specific settings.

On January 23, 2004, EPA finalized its Overview Document which specified EPA’s

conduct of ecological risk assessment on pesticide registrations.

On January 26, 2004, the Services approved EPA’s procedures and methods for
conducting ecological risk assessments and approved interagency counterpart regulations

for EPA’s pesticide registration program.

On January 30, 2004, the Services published in the Federal Register (69 FR 4465)
proposed joint counterpart regulations for consultation under the ESA for regulatory

actions under the FIFRA, codified at 50 C.F.R. Part 402 Subpart D.

On August 5, 2004, the Services promulgated final joint counterpart regulations for
EPA’s ESA-related actions taken pursuant to FIFRA. These regulations and the
Alternative Conservation Agreement (ACA) under the regulations allowed EPA to
conduct independent analyses of potential impacts of pesticide registration on listed
species and their designated critical habitats. The ACA outlined procedures to ensure
EPA’s risk assessment approach will produce effect determinations that reliably assess
the effects of pesticides on listed species and designated critical habitat. Additionally,
EPA and the Services agreed to meet annually, or more frequently as may be deemed

appropriate. The intention of these meetings was to identify new research and other



activities that may improve EPA’s current approach for assessing the potential ecological

risks posed by use of a pesticide to listed species or designated critical habitat.

On September 23, 2004, the Washington Toxics Coalition and others challenged the
counterpart regulations in the U.S. District Court for the Western District of Washington,
Civ. No. 04-1998, alleging that the regulations were not authorized by the ESA and that
the Services had not complied with the Administrative Procedure Act and the National

Environmental Policy Act (NEPA) in promulgating these counterpart regulations.

In January 2006, EPA and the Services developed a draft joint interagency research
agenda to address several critical areas of scientific and procedural uncertainties in EPA’s
current effects determination process. The jointly developed document identified eight

areas of risk assessment and research uncertainties.

On August 24, 2006, the court determined the Services did not implement NEPA
procedures properly during their promulgation of the joint counterpart regulations for
EPA actions under FIFRA. Additionally, the court determined that the “not likely to
adversely affect” and emergency consultation provisions of the counterpart regulations
were arbitrary and capricious and contrary to the substantive requirements of ESA section
7(a)(2). The court determined that EPA may conduct its own formal consultation with
the Services' involvement. Washington Toxics Coalition v. Department of the Interior,

457 F.Supp. 2d 1158 (W.D.Wash. 2006).

On November 5, 2007, the Northwest Coalition for Alternatives to Pesticides and others
filed a legal complaint in the U.S. District Court for the Western District of Washington,
Civ. No. 07-1791, against NMFS for its unreasonable delay in completing the section 7

consultations for EPA’s registration of 54 pesticide a.i.s.

On July 30, 2008, NMFS and the plaintiffs entered into a settlement agreement with the
Northwest Coalition for Alternatives to Pesticides. NMFS agreed to complete

consultation within four years on 37 a.i.s. (EPA had concluded that 17 of the 54 a.i.s at



issue in the first litigation would not affect any listed salmonid species or any of their

designated critical habitat, and so did not initiate consultation on those a.i.s.)

On November 18, 2008, NMFS issued its first Opinion for three organophosphates:
chlorpyrifos, diazinon, and malathion. This second consultation evaluates three
carbamate insecticides: carbaryl, carbofuran, and methomyl. EPA consultations on
pesticide products currently focus on their effects to listed Pacific salmonids. EPA
consultations remain incomplete until all protected species under NMFS’ jurisdiction are

covered.

Consultation History

On April 1, 2003, the EPA sent a letter to NMFS’ Office of Protected Resources (OPR)
requesting section 7 consultation for the registration of the a.i. carbaryl and detailing its
effects determinations on 26 ESUs of Pacific salmonids listed at that time. In that same
letter, EPA’s Office of Pesticide Programs (OPP) determined that the use of carbaryl will
have “no effect” for 4 ESUs, “may affect but is not likely to adversely affect” 2 ESUs,
and “may affect” 20 ESUs of listed salmonids. EPA’s “no effect” determinations for
carbaryl applied to Northern California steelhead, SONCC coho salmon, Hood Canal

Summer-run chum salmon, and Ozette Lake sockeye salmon.

On April 1, 2003, the EPA sent a letter to NMFS’ OPR requesting section 7 consultation
for the registration of the a.i. methomyl and detailing its effects determinations on 26
ESUs of Pacific salmonids listed at that time. In that same letter, the EPA’s OPP
determined that the use of methomyl will have “no effect” for 2 ESUs, and “may affect”
24 ESUs of listed salmonids. EPA’s “no effect” determinations for methomyl applied to
the Northern California steelhead and California Coastal Chinook salmon ESUs.

On December 1, 2004, the EPA sent a letter to NMFS’ OPR requesting section 7
consultation for the registration of the a.i. carbofuran and detailing its effects
determinations on 26 ESUs of Pacific salmonids listed at that time. In that same letter,

EPA’s OPP determined that the use of carbofuran will have “no effect” for 3 ESUs; “may



affect but is not likely to adversely affect” 18 ESUs, and “may affect” 3 ESUs of listed
salmonids. EPA’s “no effect” determinations applied to the California Coastal Chinook

salmon, Central California coho salmon, and Northern California steeclhead.

On June 28, 2005, NMFS listed the Lower Columbia River coho salmon ESU as
endangered. Given this recent listing, EPA’s 2003 and 2004 effects determinations for
carbaryl, carbofuran, and methomyl on listed Pacific salmonids lack an effects

determination for the Lower Columbia River coho salmon.

On May 22, 2007, NMFS listed the Puget Sound Steelhead Distinct Population Segment
(DPS) as threatened. Given this recent listing, EPA’s 2003 and 2004 effects
determinations for carbaryl, carbofuran, and methomyl on listed Pacific salmonids lack

an effects determination for the Puget Sound steelhead.

On December 10-12, 2007, EPA and the Services met and discussed approaches for
moving forward with ESA consultations and pesticide registrations. The agencies agreed
to develop methodologies for filling existing data gaps. In the interim, the Services will
develop approaches within their Opinions to address these gaps. The agencies identified
communication and coordination mechanisms to address technical and policy issues and

procedures for conflict resolution.

On February 11, 2008, NMFS listed the Oregon Coast coho salmon ESU as threatened.
EPA’s 2003 and 2004 initiation packages for carbaryl, carbofuran, and methomyl
provided an effects determination for the Oregon Coast coho salmon ESU. This ESU

was previously listed in 1998 and its ESA status was in-flux until 2008.

On August 20, 2008, NMFS met with EPA and requested EPA to identify applicants for
this and subsequent pesticide consultations. NMFS also requested information on EPA’s

cancellation of carbofuran and of existing stocks of carbofuran.



On August 29, 2008, NMFS met with EPA and the applicants for chlorpyrifos, diazinon,
and malathion. At that meeting, NMFS asked EPA to identify applicants for this and

subsequent pesticide consultations.

On September 16, 2008, NMFS requested EPA to confirm the status of EPA’s
cancellation of carbofuran and for existing stocks of that same compound during a

conference call.

On September 17, 2008, NMFS requested EPA approval of Confidential Business
Information (CBI) clearance for certain staff members in accordance with FIFRA
regulations and access to EPA’s incident database so NMFS staff may evaluate CBI
materials from the applicants and incident reports for the a.i.s under consultation. EPA
conveyed to NMFS that no access to the incident database would be authorized and the

reports will be sent directly from EPA to NMFS.

On September 23, 2008, NMFS staff received notification of CBI clearance from EPA.

On September 26, 2008, NMFS sent correspondence to EPA informing it of the roles of
the action agency and applicants during formal consultation. NMFS also requested
incident reports and label information for subsequent pesticide consultations from EPA.
The specified timeline for NMFS’ receipt of incident report and label information for

carbaryl, carbofuran, and methomyl was November 3, 2008.

On October 3, 2008, NMFS received post-2002 incident reports for carbaryl, carbofuran,
and methomyl from EPA.

On November 5, 2008, NMFS sent an e-mail to EPA requesting it to identify applicants
for upcoming pesticide consultations and label and incident report information for
carbaryl, carbofuran, and methomyl. NMFS also requested information regarding

whether final cancellation of carbofuran or any if its uses had occurred.



On November 13, 2008, EPA provided an interim e-mail response to NMFS’ November
5, 2008 query. EPA stated that it was developing a process to identify applicants for
carbaryl, carbofuran, and methomyl. No applicants were identified in EPA’s response.
EPA also stated that incident data for carbaryl, carbofuran, and methomyl were sent via
FedEx to NMFS on October 2, 2008, which we received. Finally, EPA confirmed that no
final cancellations for carbofuran have occurred subsequent to the Scientific Advisory
Panel (SAP) meeting required for action relative to the Notice of Intent to cancel this

compound. The SAP meeting occurred on February 5, 2008.

On December 1, 2008, NMFS repeated its request to EPA to identify applicants for
carbaryl, carbofuran, and methomyl via e-mail. NMFS also requested EPA to provide
technical staff contact information for these same chemicals so NMFS staff may request

information from them during this consultation.

On December 15, 2008, EPA informed NMFS via e-mail that it would send letters to the
technical registrants of carbaryl, carbofuran, and methomyl. EPA also stated that it
would inform the parties that they may submit information relative to the consultation
directly to NMFS with a copy to EPA. EPA also offered to include additional

information requested by NMFS pertinent to the consultation into that same letter.

On December 16, 2008, NMFS and EPA discussed each agency’s notification strategy of
prospective applicants for this consultation. As the action agency, EPA indicated it
would identify and contact prospective applicants. EPA limited applicant status to those

technical registrants who have all information pertinent to the consultation.

On December 18, 2008, EPA sent formal correspondence to four technical registrants.
EPA’s letter requested confirmation on their desire to have applicant status and for
parties to submit data not already provided with EPA’s consultations that may inform the
outcome of the consultation. That information includes any toxicity data, field studies or
mesocosm studies not part of the consultation package, or EPA’s Interim Registration

Eligibility Decision (IRED) or Registration Eligibility Decision (RED) documents for the



pesticide a.i.; and current labels for end use products or if available, a master label that
includes all use instructions for all products containing the a.i.s. These data would be

submitted to NMFS and EPA.

On December 19, 2008, EPA identified technical staff contact information and four
applicants to NMFS for this consultation via formal correspondence. In that same letter,
EPA referred NMFS to the IRED and RED documents for any changes to the three

subject a.i.s since consultation was initiated in 2003 and 2004.

On that same date, NMFS received electronic copies of EPA letters sent to the applicants.
EPA identified the following applicants: Bayer CropScience LP, Drexel Chemical
Company, E.I., duPont de Nemours and Company (DuPont), and FMC Corporation.

On January 5, 2009, NMFS requested clarification on EPA’s registration action for
carbofuran via e-mail. Questions pertained to the six carbofuran uses that have not been
proposed for voluntary cancellation; the duration of the cancellation process for these
same six uses as well as for 22 crop uses proposed for voluntary cancellation; and
whether other current or pending registrations for carbofuran (FIFRA sections 3, 4, 18, or

24 (c)) are anticipated.

On January 7, 2009, EPA notified NMFS via email that it was conducting an internal
policy review and would provide a full response to NMFS’ query on carbofuran as soon

as possible.

On January 8 and 9, 2009, EPA and NMFS exchanged e-mails scheduling a meeting at

the end of January with identified applicants for this consultation.
On January 9, 2009, NMFS provided EPA with an electronic draft of the Description of

the Proposed Action and associated Appendix for this consultation. NMFS requested
EPA comments on these documents by January 23, 2009.
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On January 21, 2009, the agencies agreed to meet with the applicants on January 30,
2009, at OPP Headquarters in Crystal City, Virginia.

On January 22, 2009, NMFS requested the following information from EPA: the
bibliography for the carbofuran IRED (August 3, 2006), the report study cited as Table
16 within the carbofuran IRED; and the methomyl study cited in the Science Chapter —
Master Record Identification Number (MRID) #00131255.

On that same date, DuPont informed NMFS that it would submit information to NMFS

and EPA to support the consultation for methomyl.

On that same date, EPA informed NMFS that it would provide comments to NMFS on
the draft Description of the Proposed Action by January 30, 2009.

On January 23, 2009, EPA instructed DuPont to send any data in support of the
methomyl consultation to both EPA and NMFS.

On January 26, 2009, NMFS received data on methomyl from DuPont. The package
included a cover letter, analysis of risk to methomyl to listed Pacific salmonids; copies of
four studies, including three toxicity tests with formulated material and an environmental
fate study (dissipation of methomyl in a simulated pond); and copies of methomyl

product labels held by DuPont.

On that same date, NMFS also received confidential information on sales of Lannate

(DuPont methomyl product) in Washington and Oregon from 2004-2006.
On January 27, 2009, NMFS asked EPA via e-mail to identify agenda topics and a list of

participants/applicants for the January 30, 2009, meeting. EPA provided the requested

information on that same date.
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On January 29, 2009, NMFS received information from Bayer CropScience, the
registrant for carbaryl. The information included a summary of Section 3 label

restrictions, a “master label table”, and copies of current 24(c) and Section 3 labels.

On January 30, 2009, NMFS met with EPA, Bayer CropScience, DuPont, and FMC
Corporation. At this meeting, NMFS explained the consultation procedure and timelines
for this consultation. The applicants also presented information to NMFS and EPA on
these a.i.s. DuPont presented the risk of methomyl on endangered salmonids. FMC
presented the U.S. registration status and use in the Pacific Northwest for carbofuran.
Bayer CropScience presented use pattern summaries for carbaryl. This venue facilitated

a question-answer session between the applicants and the agencies.

On that same date, NMFS received electronic files of applicant presentation materials on
carbaryl, carbofuran, and methomyl. EPA also provided NMFS with a PDF file of the
Environmental Fate and Effects Division’s (EFED) RED Science Chapter for methomyl.

On February 2, 2009, NMFS received carbofuran data from FMC Corporation. Materials
included the status on furadan registration and use in the relevant Pacific Northwest, the
proposed federal label for furadan, current special local needs label for potato use in
Oregon and spinach grown for seed use in Washington, and the Federal Register notice

for proposed voluntary cancellation of most uses.

On that same date, NMFS queried FMC Corporation via e-mail regarding when EPA’s
response on the proposed federal label for furadan is expected. NMFS also requested
information whether the proposed permitted uses for foliar application of furadan on

cotton would apply in California, Idaho, Oregon, and Washington.

On February 3, 2009, NMFS received comments from EPA on the draft Description of
the Proposed Action relevant to carbofuran and methomyl. EPA disagreed with FMC’s
statement that use of carbofuran has been discontinued on field corn in the Pacific

Northwest. According to EPA, carbofuran use is specified on federal labels and is used
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in California, Idaho, Oregon, and Washington. Carbofuran is also used on sunflowers
grown in these states. EPA feedback for methomyl pertained to the SLN in California
and the status of some section 24(c) actions. EPA provided no response regarding

carbaryl.

On that same date, NMFS requested clarification on registered carbofuran uses and
EPA’s verification of NMFS’ draft Description of the Proposed Action for this

ingredient.

On February 5, 2009, NMFS received the two early life stage studies for fish (MRID
131255 and 126862) from EPA. On that same date, FMC Corporation responded to
NMEFS’ questions regarding uses of furadan raised in it February 2, 2009, e-mail.

On February 9, 2009, EPA provided responses via e-mail regarding questions posed in
NMFS’ February 3, 2009, e-mail, on carbaryl. EPA provided no comments on NMFS’
Description of the Proposed Action for carbaryl and no response towards NMFS’

questions on carbofuran.

On February 11, 2009, NMFS received a study on carbaryl from Bayer CropScience.

On February 13, 2009, NMFS contacted EPA by phone and requested EPA comments on
the draft Description of the Proposed Action.

On that same date, NMFS received a copy of a position paper on key issues related to
carbaryl use, ecotoxicology, and aquatic exposure from Bayer CropScience. Bayer Crop

Science also sent this document to EPA.
On February 20, 2009, EPA e-mailed NMFS information on carbaryl use patterns for

Idaho, Oregon, and Washington. NMFS previously requested this information for the
draft Description of the Proposed Action.
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On February 20, 2009, EPA e-mailed NMFS information on carbaryl use patterns for
Idaho, Oregon, and Washington.

On March 5, 2009, NMFS received an extension from the court for this consultation from

March 31, 2009, to April 20, 2009.

On March 12, 2009, NMFS requested clarification from EPA on the carbaryl use data
provided in its February 20, 2009, e-mail. NMFS also requested EPA forward

cancellation notices for carbaryl for several crop uses once they are available.

On March 13, 2009, NMFS met with and provided EPA a list of questions pertaining to

past, ongoing, and future pesticide consultations with EPA.

On March 17, 2009, NMFS e-mailed EPA instructions to access a pdf copy of the draft
Opinion from NMFS’ ftp site. NMFS also FedExed a pdf copy of the draft Opinion to
EPA on that same day. Although this draft did not include Reasonable and Prudent
Alternatives (RPAs), NMFS conveyed to EPA that RPAs will be provided on the
following day.

On that same date, EPA downloaded the draft Opinion file from NMFS’ ftp site and

requested NMFS provide word version files for future draft Opinions.

On March 18, 2009, NMFS provided EPA instructions to access a pdf copy of the draft
Opinion, including RPAs from NMFS’ ftp site. NMFS also FedExed a word file of a full
draft Opinion, including RPAs and a separate RPA file to EPA. On this same day, EPA
responded to NMFS’ query of SLN use of carbaryl in Washington State. EPA’s e-mail
further stated that Bayer CropScience does not support carbaryl use for adult mosquito
treatments although carbaryl is registered for use on a number of sites where it could kill

mosquitoes.
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On that same date, EPA e-mailed NMFS information on the voluntary cancellation of
carbofuran. NMFS replied to EPA’s message and reminded EPA of NMFS questions

raised in a February 3, 2009, e-mail regarding uses of carbofuran.

On March 24, 2009, EPA notified NMFS via e-mail of receipt of the cd containing the

word versions of a complete draft Opinion and separate RPA document.

On March 30, 2009, EPA and NMFS confirmed their availability to meet with the three
identified applicants for this consultation on April 7, 2009.

On April 7, 2009, EPA, NMFS, and the applicants met at EPA’s office in Crystal

City, VA. NMFS presented its assessment and conclusions on the draft Opinion. The
applicants provided a combined presentation on their general and specific comments on
NMES’ draft Opinion. Afterwards, all parties discussed potential Reasonable and
Prudent Alternatives (RPAs) as NMFS concluded that EPA’s proposed action will likely
result in jeopardy of listed species and adverse modification of critical habitat for listed

Pacific salmonids under NMFS’ jurisdiction.

On that same date, NMFS and EPA discussed RPAs for this consultation and for NMFS’

November 18, 2008, Opinion for chlorpyrifos, diazinon, and malathion.

On April 9, 2009, NMFS received copies of the three presentations made by the
applicants at the April 7, 2009, meeting.

On April 10, 2009, NMFS received written comments from EPA on the March 18, 2009
draft Opinion for carbaryl, carbofuran, and methomyl. On that same date, NMFS
received comments on the draft Opinion from Bayer CropScience on carbaryl and from

DuPont on methomyl.

On April 15, 2009, NMFS received additional comments from Bayer CropScience on the
draft Opinion.
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On April 18, 2009, NMFS received additional comments from Bayer CropScience on the
draft Opinion.

Description of the Proposed Action

The Federal Action

The proposed action encompasses EPA’s registration of the uses (as described by product
labels) of all pesticides containing carbaryl, carbofuran, and methomyl. The purpose of
the proposed action is to provide tools for pest control that do not cause unreasonable
adverse effects to the environment throughout the U.S. and its affiliated territories.
Pursuant to FIFRA, before a pesticide product may be sold or distributed in the U.S. it
must be exempted or registered with a label identifying approved uses by EPA’s OPP.
Once registered, a pesticide may not legally be used unless the use is consistent with
directions on its approved label
(http:www.epa.gov/pesticides/regulating/registering/index.htm). EPA authorization of
pesticide uses are categorized as FIFRA sections 3 (new product registrations), 4 (rel]

registrations and special review), 18 (emergency use), or 24(c) SLN.

EPA’s pesticide registration process involves an examination of the ingredients of a
pesticide, the site or crop on which it will be used, the amount, frequency and timing of
its use, and its storage and disposal practices. Pesticide ingredients may include active
and other ingredients, adjuvants, and surfactants (described in greater detail below). The
EPA evaluates the pesticide to ensure that it will not have unreasonable adverse effects
on humans, the environment, and non-target species. An unreasonable adverse effect on
the environment is defined in FIFRA as, “(1) any unreasonable risk to man or the
environment, taking into account the economic, social, and environmental costs and
benefits of the use of the pesticide, or (2) a human dietary risk from residues that result
from a use of a pesticide in or on any food inconsistent with the standard under section
408 of the Federal Food, Drug, and Cosmetic Act (FFDCA) (21 U.S.C. §346a).” 7
U.S.C. 136(b).
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After registering a pesticide, EPA retains discretionary involvement and control over
such registration. EPA must periodically review the registration to ensure compliance
with FIFRA and other federal laws (7 U.S.C. §136d). A pesticide registration can be
cancelled whenever “a pesticide or its labeling or other material... does not comply with
the provisions of FIFRA or, when used in accordance with widespread and commonly

recognized practice, generally causes unreasonable adverse effects on the environment.”

On December 12, 2007, EPA, NMFS, and FWS agreed that the federal action for EPA’s
FIFRA registration actions will be defined as the “authorization for use or uses described
in labeling of a pesticide product containing a particular pesticide ingredient.” In order
to ensure that EPA’s action will not jeopardize listed species or destroy or adversely
modify critical habitat, NMFS’ analysis necessarily encompasses the impacts to Pacific
salmonid ESUs/DPSs of all uses authorized by EPA, regardless of whether those uses

have historically occurred.

Pesticide Labels. For this consultation, EPA’s proposed action encompasses all approved
product labels containing carbaryl, carbofuran, or methomyl; their degradates,
metabolites, and formulations, including other ingredients within the formulations;
adjuvants; tank mixtures; and their individual and collective interactions when applied in
agricultural, urban, and residential landscapes throughout the U.S. and its territories.
These activities comprise the stressors of the action (Figure 1). The three biological
evaluations (BEs) indicate that carbaryl, carbofuran, and methomyl are labeled for a
variety of uses including applications to residential areas and crop lands (EPA 2003; EPA
2003; EPA 2004). Modifications have been made or are planned for new product labels
containing carbaryl, carbofuran, and methomyl as a result of reregistration activities that

have occurred since the release of the BEs.

The Food Quality Protection Act (FQPA) of 1996 required EPA to complete an
assessment of the cumulative effects on human health resulting from exposure to multiple
chemicals that have a common mechanism of toxicity. In 2001, EPA identified the N-

methyl carbamate (NMC) pesticides as a group which shares a common mechanism of
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toxicity. This group includes carbaryl, carbofuran, methomyl, and seven other
cholinesterase-inhibiting pesticides.
(http://www.epa.gov/pesticides/cumulative/carbamate risk mgmt.htm). EPA published
a preliminary Cumulative Risk Assessment for NMC pesticides in 2005 and revised the
risk assessment in 2007 (EPA 2007). Concurrent with completing the revised
assessments, EPA completed tolerance reassessments and REDs for the NMC pesticides
(EPA 1998; EPA 2006; EPA 2007; EPA 2008). EPA has identified measures to address
cumulative risk of NMC pesticides

(http://www.epa.gov/pesticides/cumulative/carbamate_risk_mgmt.htm). Some of the risk

reduction measures for carbaryl, carbofuran, and methomyl follow:

Carbaryl — EPA intends to evaluate the revised worker assessment, which may require
an amendment to the RED. EPA continues to respond to petitions requesting that

carbaryl be cancelled and its tolerances revoked.

Carbofuran — EPA is pursuing cancellation of all carbofuran uses in the U.S. EPA has
received a request from the carbofuran registrant, FMC Corporation, for voluntary
cancellation of 22 crop uses of this pesticide. FMC Corporation has six uses not
proposed for voluntary cancellation that EPA indicates still present risk concerns and are
subject to future regulatory action by EPA. In July 2008, EPA initiated action to revoke
existing carbofuran tolerances (residue limits in food) due to unacceptable dietary risks,
especially to children, from consuming food or water alone or from a combination of
food and water with carbofuran residues. Following resolution of the tolerance
revocations, EPA plans to proceed with cancellation of remaining carbofuran uses due to
unreasonable ecological and worker risks (Federal Register / Vol. 73, No. 245 /
December 19, 2008 /77690-77693). In March 2008, EPA announced an order for the
cancellation of some registrations and termination of certain uses, voluntarily requested

by the registrant (Federal Register/Vol. 74, No. 51/ March 18, 2009/11551-11553).

Methomyl — The intent of registrants for voluntary cancellation of methomyl use on

strawberry and grapes were incorporated in the N-methyl carbamate revised cumulative
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risk assessment. With these and other mitigation measures for these individual
pesticides, EPA concluded that the cumulative risks to humans associated with the N-
methyl carbamates are below EPA’s regulatory level of concern

(http://www.epa.gov/pesticides/cumulative/carbamate_risk_mgmt.htm). The FQPA does

not address cumulative risk of pesticides to aquatic resources.

Registration and uses of pesticide labels
containing the a.i.s (a.i.) carbaryl,
carbofuran, and methomyl

Metabolites of carbaryl, carbofuran,
methomyl

Degradates of carbaryl, carbofuran,
methomyl

Other ingredients in formulations

Label-recommended tank mixtures

Adjuvants/surfactants added to
formulations

Figure 1. Stressors of the Action

Mode of Action of Carbamate Insecticides. NMC insecticides are neurotoxicants,
affecting the central and peripheral nervous systems of animals. Similar to other
carbamate and organophosphate (OP) insecticides, these a.i.s inhibit the enzyme
acetylcholinesterase (AChE) found in brain and muscle tissue of invertebrates and
vertebrates. Thus, NMCs belong to a class of insecticides known as AChE inhibitors.
Inhibition of AChE results in a build-up of the neurotransmitter, acetylcholine, which can
lead to continued stimulation. Normally, acetylcholine is broken down rapidly in the
nerve synapse by AChE. Chemical neurotransmission and communication are impaired
when acetycholine is not quickly degraded in animals, which ultimately may result in a

number of adverse responses from physiological and behavioral modification to death.
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NMES batched the consultations on carbaryl, carbofuran, and methomyl into one Opinion
because these compounds have the same mechanism of action, i.e., they target the same
site of action in the exact same way. However, NMFS evaluated the effects of each a.i.
independently. Additionally, cumulative exposure to the three a.i.s is expected given

they have overlapping uses and detections in surface water samples.

Active and Other Ingredients. Carbaryl, carbofuran, and methomyl are the a.i.s that kill
or otherwise affect targeted organisms (listed on the label). However, pesticide products
that contain these a.i.s also contain inert ingredients. Inert ingredients are ingredients
which EPA defines as not “pesticidally” active. EPA also refers to inert ingredients as
“other ingredients”. The specific identification of the compounds that make up the inert
fraction of a pesticide is not required on the label. However, this does not necessarily
imply that inert ingredients are non-toxic, non-flammable, or otherwise non-reactive.
EPA authorizes the use of chemical adjuvants to make pesticide products more
efficacious. An adjuvant aides the operation or improves the effectiveness of a pesticide.
Examples include wetting agents, spreaders, emulsifiers, dispersing agents, solvents,
solubilizers, stickers, and surfactants. A surfactant is a substance that reduces surface
tension of a system, allowing oil-based and water-based substances to mix more readily.
A common group of non-ionic surfactants is the alkylphenol polyethoxylates (APEs),
which may be used in pesticides or pesticide tank mixes, and also are used in many
common household products. Nonylphenol (NP), one of the APEs, has been linked to

endocrine-disrupting effects in aquatic animals.

Formulations. Pesticide products come in a variety of solid and liquid formulations.
Examples of formulation types include dusts, dry flowables, emulsifiable concentrates,
granulars, solutions, soluble powders, ultra-low volume concentrates, water-soluble bags,
and powders. The formulation type can have implications for product efficacy and

exposure to humans and other non-target organisms.

Tank Mix. A tank mix is a combination by the user of two or more pesticide formulations

as well as any adjuvants or surfactants added to the same tank prior to application.
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Typically, formulations are combined to reduce the number of spray operations or to
obtain better pest control than if the individual products were applied alone. The
compatibility section of a label may advise on tank mixes known to be incompatible or
provide specific mixing instructions for use with compatible mixes. Labels may also
recommend specific tank mixes. Pursuant to FIFRA, EPA has the discretion to prohibit
tank mixtures. Applicators are permitted to include any combination of pesticides in a
tank mix as long as each pesticide in the mixture is permitted for use on the application

site and the label does not explicitly prohibit the mix.

Pesticide Registration. The Pesticide Registration Improvement Act (PRIA) of 2003
became effective on March 23, 2004. The PRIA directed EPA to complete REDs for
pesticides with food uses/tolerances by August 3, 2006, and to complete REDs for all
remaining non-food pesticides by October 3, 2008. The goal of the reregistration
program is to mitigate risks associated with the use of older pesticides while preserving
their benefits. Pesticides that meet today’s scientific and regulatory standards may be
declared “eligible” for reregistration. The results of EPA’s reviews are summarized in
RED documents. EPA issued REDs for carbaryl and methomyl in 2007 and 1998,
respectively. The IRED for carbofuran was issued in August 2006. EPA considered the
registration eligibility determination for carbofuran complete upon issuance of the
cumulative assessment for the NMC pesticides in 2007
(http://www.epa.gov/pesticides/reregistration/REDs/carbofuran_red.pdf). Accordingly,
EPA treated the carbofuran IRED as its RED. The REDs for all three a.i.s include
various mitigation measures, including the cancellation of all registered uses of
carbofuran due to ecological and occupational risks. These mitigation components were

considered part of the proposed action.
Duration of the Proposed Action. EPA’s goal for reassessing currently registered

pesticide a.i.s is every 15 years. Given EPA’s timeframe for pesticide registration

reviews, NMFS’ evaluation of the proposed action is also 15 years.
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Interrelated and Interdependent Activities. No interrelated and interdependent

activities are associated with the proposed action.

Registration Information of Pesticide A.i.s under Consultation. As discussed above, the
proposed action encompasses EPA’s registration of the uses (as described by product
labels) of all pesticides containing carbaryl, carbofuran, or methomyl. However, EPA did
not provide copies of all product labels containing these a.i.s. The following descriptions
represent information acquired from review of a sample of current product labels as well

as information conveyed in the BEs, EPA REDs, and other documents.

Carbaryl

Carbaryl, also known by the trade name Sevin, is an NMC insecticide which was first
registered in 1959 for use on cotton. In 2001, EPA identified the NMC insecticides as a
group which shares a common mechanism of toxicity. Therefore, EPA was required to
consider the cumulative effects on human health resulting from exposure to this group of
chemicals when considering whether to establish, modify, or revoke a tolerance for

pesticide residues in food, in accordance with the FQPA (EPA 2008).

Several regulatory documents concerning carbaryl were issued after EPA’s BE of the
analysis of risk of carbaryl to threatened and endangered salmonids (EPA 2003). An
IRED for carbaryl that addressed the potential human health and ecological risks was
signed on June 30, 2003. EPA amended the IRED on October 22, 2004, to incorporate
clarifications and corrections, updated the residential risk assessment to reflect the
voluntary cancellation of the liquid broadcast use of carbaryl on residential turf to address
post-application risk to toddlers identified in the 2003 IRED, and addressed issues
regarding labeling of carbaryl formulations for mitigating potential hazards to bees. In
addition, mitigation measures required in the 2004 amended IRED included cancellation
of certain uses and application methods, reduction of application rates, application
prohibitions, personal protective equipment (PPE) and engineering control (EC)
requirements, and extension of restricted-entry intervals (REIs) for post-application

exposure (EPA 2008).
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EPA also issued generic and product-specific data call-ins (DCIs) for carbaryl in March
2005. The carbaryl generic DCI required several studies for the a.i. carbaryl, including
additional toxicology, worker exposure monitoring, and environmental fate data. The
product DCI required acute toxicity and product chemistry data for all pesticide products
containing carbaryl. In response to the 2005 DCIs, many carbaryl registrants chose to
voluntarily cancel their carbaryl products. Approximately 80% of all of carbaryl end-use
products registered at the time of the 2003 IRED have since been cancelled through this
process or other voluntary cancellations (EPA 2008).

On September 26, 2007, EPA published a revised NMC cumulative risk assessment (EPA
2007), which concluded that the cumulative risks associated with the NMC pesticides
meet the safety standard set forth in the FFDCA. Concurrently, on September 26, 2007,
the RED for carbaryl was completed. The 2007 RED presents EPA’s revised carbaryl
human health risk assessment under FQPA and EPA’s final tolerance reassessment
decision for carbaryl. EPA amended the carbaryl RED in August of 2008. The
amendment updated the 2007 RED to reflect the Revised Occupational Exposure and
Risk Assessment, dated July 9, 2007 (EPA 2008).

The National Pesticide Information Retrieval System (NPIRS) website

(http://ppis.ceris.purdue.edu/htbin/epachem.com) suggests that there are currently 24
registrants with active registrations of 87 pesticide products containing carbaryl.
“Carbaryl is nationally registered for over 115 uses in agriculture, professional turf
management, ornamental production, and residential settings (EPA 2007). Carbaryl is
also registered for use as a mosquito adulticide.

(http://www.umass.edu/fruitadvisor/NEAPMG/145-149.pdf )(EPA 2007).”

Several product labels indicate carbaryl is commonly formulated with other a.i.s. For
example, there are active registrations of carbaryl products that also contain copper
sulfate, rotenone, malathion, captan, metaldehyde, and bifenthrin (NPIRS website).
According to EPA’s BE, 26 carbaryl products are registered to individual states under
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SLN provisions in Section 24(c) of FIFRA (EPA 2003). Section 24(c) registrations
include control of shrimp in oyster beds in two tideland areas (Willapa Bay and Grays
Harbor) in Washington and, in California, insecticidal use on fruits and nuts, prickly pear
cactus, ornamental plants, and non-food crops. Idaho and Oregon do not have any 24(c)

registrations for carbaryl (EPA 2003).
Usage Information.

The insecticide carbaryl is used in agriculture to control pests on terrestrial food crops
including fruit and nut trees, many types of fruit and vegetables, and grain crops; cut
flowers; nursery and ornamentals; turf, including production facilities; greenhouses; golf
courses; and in oyster beds. Carbaryl is also registered for use on residential sites (e.g.,
annuals, perennials, shrubs) by professional pest control operators and by homeowners on
gardens, ornamentals, and turfgrass (EPA 2008). EPA estimated over 1.4 million pounds
(Ibs) of carbaryl are applied each year on agricultural crops and over 200,000 lbs are

applied annually for turf, landscape, and horticultural uses in the U.S. (EPA 2008).

The California Department of Pesticide Regulation (CDPR) indicated approximately
150,000 — 250,000 lbs of carbaryl were applied annually in California between 2002 and
2006 based on agricultural and other “reportable uses” (CDPR 2007). The 1999 Oregon
Legislature authorized development of the Oregon Pesticide Use Reporting System
(PURS). In 2006, information on household pesticide use was collected through a
pesticide use survey. The first full year of collecting non-household pesticide use in
PURS was 2007. Over 37,000 lbs of carbaryl were reported as applied in Oregon in 2007
(ODA 2008). Approximately 189,600 Ibs of carbaryl are used annually for agriculture in
Washington State (WSDA 2004). Similar data on pesticide use were not found for Idaho.

Examples of Registered Uses.

Agricultural Uses. Carbaryl is used on a myriad of crops. Examples of crops currently
proposed for continued carbaryl use and which are grown in areas with Pacific salmon
and steelhead include cranberries, cucumbers, beans, eggplant, grapefruit, grapes, hay,

lemons, lettuce, nectarines, olives, onions, oranges, parsley, peaches, peanuts, pears,
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pecans, peppers, pistachios, plums, potatoes, prunes, pumpkins, rice, sod, spinach,
squash, strawberries, sugar beets, sunflowers, sweet corn, sweet potatoes, tangelos,
tangerines, tomatoes, walnuts, watermelons, wheat (EPA 2008). Carbaryl is also used to

thin fruit in orchards to enhance fruit size and enhance repeat bloom.

Non-agricultural Uses. Carbaryl is used extensively by homeowners, particularly for
lawn care (EPA 2008). Examples of non-agricultural use sites include home and
commercial lawns, flower beds around buildings, recreation areas, golf courses, sod
farms, parks, rights-of-way, hedgerows, Christmas tree plantations, oyster beds, rural
shelter belts, and applications to control ticks, grasshoppers, and adult mosquitoes (EPA
2007). Carbaryl is also used for pet care (pet collars, powders and dip, in kennels, and on

pet sleeping quarters).

Examples of Registered Formulation Types. Carbaryl products are manufactured as
granular, liquid, wettable powder, and dust formulations. All dry flowable (water
dispersible granule) products have been voluntarily cancelled. The use of dust
formulation in agriculture and backpack sprayers are not supported by Bayer
CropScience, the carbaryl technical registrant, who is amending its carbaryl registrations

to delete these uses (EPA 2008).
Methods and Rates of Application.

Methods. Groundboom, airblast, and aerial applications are typical for agricultural uses
of carbaryl. Other applications can also be made using handheld equipment, such as low
pressure hand wand sprayers, turf guns, and various ready-to-use products. Applications

by aerosol cans, hand, spoon, shaker can, and front- and back-mounted spreaders are

prohibited (EPA 2008).

Application Rates. The maximum single application rate allowed on the labels for
agricultural uses in California, Idaho, Oregon, and Washington is 12 lb carbaryl/acre
(Table 1). Many agricultural uses allow repeated application of carbaryl at intervals of 7(

14 days. Application intervals are not specified for some uses (e.g., flower beds, home
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use on fruits, and vegetables). Additionally, some uses do not specify the maximum

number of applications (e.g., prickly pear, ticks, and grasshoppers).

Table 1. Registered uses and application rates for carbaryl in California, Idaho, Oregon,

and Washington (EPA 2007)

Application
Use Site Maximum Single Maximum Minimum Maximum per
Application Rate Number of Application year
(Ib a.i./acre) Applications Interval (days) (Ib a.i./acre)
Home Lawn 9.1 2 7 Not specified
Fire ants 7.4 2 7 Not specified
Flower beds around buildings 8 4 None 6
Lawns, recreation areas, golf
courses, sod farms, commercial 8 2 7 8
lawns
Parks 8 1 - 8
Citrus 12 1 - 12
Citrus 7.5 8 14 20
Olives 7.5 2 14 Not specified
Almonds, chestnuts, pecans,
filberts, walnuts, pistachio 5 4 7 15
Flowers, shrubs 4.3 3 7 Not specified
Apricot, cherries, nectarines, 4 (5 dormant) 3 + 1 dormant 15 9 + 5 dormant
peaches, plums, prunes spray
Apple, pear, crabapple, oriental 3 8 14 Not specified
pear, loquat
Sweet corn 2 8 3 Not specified
Caneberries, bluebe_rnes, 2 5 7 Not specified
grapes, strawberries
Tomatoes, peppers, eggplant 2 7 7 8
Peanuts 2 5 7 8
Broccoli, cauliflower, cabbage,
kohlrabi, Chinese cabbage, 2 4 6 7
collards, kale, mustard greens,
brussel sprouts, hanover salad
Sweet potato 2 8 7 8
Field corn, pop corn 2 4 14 8
Leaf lettuce, head lettuce,
dandelion, endive, parsley, 2 5 7 6
spinach, swiss chard
Celery, garden beets, carrots,
horseradish, parsnip, rutabaga, 2 6 7 Not specified
potato, salsify, root turnip, radish
Prickly pear 2 As needed 7 6
Rice 1.5 2 7
Fresh beans, dry beans, fresh
peas, dry peas, cowpeas, fresh 1.5 4 7 6
southern peas, soybeans
Sugar beets, pasture, grass for 15 2 14 3
seed
Alfalfa, birdsfoot trefoil, clover 1.5 1/cutting None Not specified
Rangeland 1 1 - 1
Cucumber, melon, pumpkin, 1 6 7 Not specified

squash, roses, other herbaceous
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Application
Use Site Maximum Single Maximum Minimum Maximum per
Application Rate Number of Application year
(Ib a.i./acre) Applications Interval (days) (Ib a.i./acre)
plants, woody plants
CRP acreage, set-aside
acreage, rights-of-way,
hedgerows, ditch banks, 1 2 14 3
roadsides, wasteland
Non-urban forests, tree
plantations, Christmas trees, 1 > 7 Not specified
parks, rangeland trees, rural
shelter belts
adult mosquitoes® 1 * * Not specified
Ticks 2 As needed None Not specified
Grasshoppers 15 As needed None Not specified
flax 1.5 2 14 Not specified
Home fruits and vegetables 1.95 6 None 121
Proso millet, wheat 1.5 2 14 Not specified
lentils 15 4 7 Not specified
Oyster beds 8 Not specified None Not specified
Sunflower 1.5 2 7 Not specified
Tobacco 2 4 7 Not specified

Number of applications and interval as specified for use site (pastures, rangeland, forests and wastelands,
etc.).

Metabolites and Degradates.

The major metabolite of carbaryl degradation by both abiotic and microbially mediated
processes is 1-naphthol. This degradate represented up to 67% of the applied carbaryl in
degradation studies. It is also formed in the environment by degradation of naphthalene
and other polyaromatic hydrocarbon compounds. EPA reports that only limited
information on the environmental transport and fate of 1-naphthol is available and
indicates this compound is less persistent and less mobile than the parent carbaryl (EPA

2003).

Carbofuran

Carbofuran is a NMC systemic pesticide first registered in the U.S. in 1969. The BE for
carbofuran indicates it is registered as a restricted use broad spectrum insecticide,
nematicide, and miticide for use on a wide variety of agricultural and non-agricultural
crops (EPA 2004). Carbofuran is classified as a restricted use pesticide and is formulated
into flowable, wettable powder, and granular forms. Through an agreement between

EPA and the technical registrant in 1991, granular carbofuran has been limited to the sale
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of 2,500 Ibs of a.i. per year in the U.S. since 1994, for use only on certain crops. Today
granular carbofuran is limited to use on spinach grown for seed, pine seedlings, bananas

(in Hawaii only), and cucurbits only (EPA 2006).

In the late 1990s, the technical registrant made a number of changes to labels in

order to reduce human health (drinking water) and ecological risks of concern. These
included reducing application rates and numbers of applications for alfalfa, cotton, corn,
potatoes, soybeans,sugarcane, and sunflowers. Numbers of applications were also

restricted on some soils to reduce groundwater concentrations (EPA 2006).

Several regulatory documents concerning carbofuran were issued after EPA’s BE of the
analysis of risk of carbofuran to threatened and endangered salmonids (EPA 2004). An
IRED for carbofuran was published in August 2006. As previously indicated, EPA
concluded the NMC cumulative risk assessment in September 2007. All tolerance
reassessment and REDs for individual NMC pesticides were considered complete. The

carbofuran IRED, therefore is considered a completed RED.

The carbofuran IRED (EPA 2006), and draft Notice of Intent to Cancel Carbofuran
(January 2008) indicate EPA proposes cancellation of all uses of carbofuran, due to
ecological, occupational, and human dietary risks of concern from some crops.
Economic benefits are low to moderate for all of these uses, and do not outweigh the
risks (EPA 2006). There are several uses for which residues do not pose dietary risks of
concern and which have moderate benefits to growers [artichokes, chile peppers in the
Southwestern U.S., cucurbits (granular formulation only), spinach grown for seed,
sunflowers, and pine seedlings in the Southeastern U.S.]. For these uses, EPA is
allowing a four-year phase-out in order to allow time for new alternatives to become

available to growers (EPA 2006).
Although EPA determined that all uses of carbofuran are ineligible for reregistration, use

of carbofuran will continue for an undetermined period of time. EPA has initiated

cancellation procedures for product uses of low economic benefits. The remaining uses

28



are subject to a four year phase-out. However, final cancellation of all carbofuran uses
may take several years and the decision to cancel carbofuran registrations could be
subject to legal challenges. Additionally, EPA indicated that FMC wishes to retain
registrations for six uses: corn, potatoes, pumpkins, sunflowers, pine seedlings, and
spinach grown for seed (Jones 2009). FMC also proposed to phase out use of artichokes
over two years. EPA plans to consider FMC’s proposal for the continued registration of

carbofuran at a future date.

The IRED indicated there are currently one technical, two manufacturing-use, and six
end-use products registered under Section 3 of FIFRA. There are also 77 active SLN
registrations under Section 24(c) of FIFRA (EPA 2006). The NPIRS website suggests
one registrant holds nine active registrations of pesticide products containing carbofuran
(EPA registration numbers: 279-2712, 279-2862, 279-2874, 279-2876, 279-2922, 2791
3023, 279-3038, 279-3060, and 279-3310). Many carbofuran uses and products were
recently canceled through voluntary requests of the product registrant. Under the
conditions of the cancelation order, existing stocks of these carbofuran products may be
sold or used until they are depleted, opr until the effective date for the revocation of the

associated tolerances (Federal Register/Vol. 74, No. 51/ March 18, 2009/11551-11553).
Usage Information

Nearly one million Ibs a.i. are applied annually from the application of liquid carbofuran
formulations (EPA 2006). The major use of liquid formulations of carbofuran is on corn,
alfalfa, and potatoes. Under the existing terms and conditions of the registration, sale of
the granular formulation is limited to 2,500 Ibs a.i. per year, and use is limited to pine
seedlings, cucurbits, bananas (in Hawaii only), and spinach grown for seed (EPA 2006).
Carbofuran use has decreased significantly in California over the last decade. CDPR
indicates agricultural uses of carbofuran exceeded 200,000 lbs in 1996 and use declined
each preceding year with approximately 23,000 Ibs of carbofuran applied in California in
2006 (CDPR 2007). Multiyear use statistics for describing temporal trends of carbofuran

were unavailable for Idaho, Oregon, and Washington. It is anticipated that use of
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carbofuran will decrease across the action area as cancellation orders are implemented

and existing stocks are depleted.
Examples of Registered Uses.

Food Crops. Alfalfa, artichoke, banana, barley, coffee, corn (field, pop, and sweet),
cotton, cucurbits (cucumber, melons, and squash), grapes, oats, pepper, plantain, potato,

sorghum, soybean, sugar beet, sugarcane, sunflower, and wheat (EPA 2006).

Non-food uses. Agricultural fallow land, cotton, ornamental and/or shade trees,
ornamental herbaceous plants, ornamental non-flowering plants, ornamental woody

shrubs and vines, pine, spinach grown for seed, and tobacco (EPA 2006).
Examples of Registered Formulation Types.

Carbofuran is formulated into flowable, wettable powder, and granular forms. The
flowable formulation constitutes the vast majority of the carbofuran currently used (EPA

2004).
Examples of Approved Methods and Rates of Application.

Equipment. Carbofuran is applied by aerial equipment, chemigation systems,
groundboom sprayers, airblast sprayers, tractor-drawn spreaders, push-type granular

spreaders, and handheld equipment (EPA 2006).
Method and Rate. Carbofuran can be applied as a foliar or soil treatment. Maximum

single and seasonal application rates range from 0.002 to 10 Ibs a.i./acre, depending on

the application scenario (EPA 20006).
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Table 2. Registered uses and application rates for carbofuran in California, Idaho, Oregon,
and Washington (EPA 2004)

Application

Maximum Single

Minimum

it o Maximum Number o Maximum per year
Hse Sie Aoptcation Rate | ot Applications | | =PICEHOn | (i aisacre)
Flowable Carbofuran — Section 3 registrations
Alfalfa, corn, cotton 1 1 - 1
Ornamentals 0.06 Not specified Not specified 0.06
Prepare slurry: Add
0.05 Ibs a.i., 0.5
gallons water, and
Pine seedlings 0.05 1 - 2.0 Ibs clay; Slurry
sufficient to treat
roots of 150 to 200
seedlings.
Potatoes 1 2 Not specified 2
Small grains, 0.25 2 Not specified 05
soybeans
Sugarcane 0.75 2 Not specified 1.5
Sunflowers 1.4 1 - 1.4
Tobacco 6 Not specified Not specified 6
Granular Carbofuran — Section 3 registrations
Bananas 0.006 2 Not specified 0.012
Pine seedlings 0.002 Not specified Not specified 0.002
Rice' 0.5 1 - 0.5
California- Flowable Carbofuran- Section 24C
Artichokes 1 2 Not specified 2
Grapes 10 1 - 10
Ornamentals 10 Not specified Not specified 10
Idaho- Flowable Carbofuran- Section 24C
Potatoes 3 2 Not specified 6
Sugar beets 2 1 - 2
Oregon- Flowable Carbofuran- Section 24C
Potatoes 3 2 Not specified 6
Nursery stock 10 Not specified Not specified 10
Sugar beets 2 1 - 2
Oregon- Granular Carbofuran- Section 24C
Watermelons 1 | Not specified | Not specified 1
Washington- Flowable Carbofuran- Section 24C
Potatoes 3 | 2 | Not specified 6
Washington- Granular Carbofuran- Section 24C
Spinach

(grown for seed)

1

1

1

'"The section 3 registration for rice was discontinued in 1997. Additional use of carbofuran on rice
since that time has been from existing stock or in connection with emergency exemption requests

(EPA 2004a).

Timing. Carbofuran is a contact insecticide applied at planting or post-planting (EPA

2006). The timing is variable among crops.
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Metabolites and Degradates. The major transformation product of carbofuran in water
and aerobic aquatic metabolism is the hydrolysis product, carbofuran 7-phenol (EPA

2006). It also appears as the transformation endpoint prior to conversion to CO, and is

shorter lived in water than the parent. Other major expected environmental
transformation products in soils that have potential to reach the aquatic environment are
3-hydroxycarbofuran and 3-ketocarbofuran, which typically occur in small amounts (i.e.,

< 5.0 % of applied) and are relatively short lived as compared to the parent (EPA 2006).

Methomyl

Methomyl was first registered for use in the U.S. in 1968. Methomyl is currently
registered for use on a wide variety of sites including field, vegetable, and orchard crops;
turf (sod farms only); livestock quarters; commercial premises; and refuse containers
(EPA 2007). All methomyl products, except the 1% bait formulations, are classified as
restricted use pesticides (EPA 2007). A Registration Standard issued in April 1989
required additional testing, modified tolerances. It also required label modifications
related to applicator safety, re-entry intervals, and environmental hazards (EPA 2007).
Additional label modifications were required with the publication of the methomyl RED
in 1998 (EPA 1998).

EPA’s BE of the analysis of risks of methomy] to threatened and endangered salmonids
indicated there were 10 end-use products registered under Section 3 of FIFRA (EPA
2003). The NPIRS website suggests that there are currently six registrants with active
registrations for nine products containing methomyl (EPA registration numbers: 270!
255, 352-342, 352-361, 352-366, 352-384, 2724-274, 7319-6, 53871-3, 5742-2).
Eighteen additional methomyl products are registered to individual states under SLN
provisions in Section 24(c) of FIFRA (EPA 2003). California has seven SLN for use to
control insects on ornamentals, beans, soybeans, radishes, sweet potatoes, Chinese
broccoli, broccoli raab, and pumpkins (EPA 2003). Idaho, Oregon, and Washington do
not have any SLNs for methomyl (EPA 2003). Methomyl also was previously registered

as a molluscicide to control snails and slugs and as a fungicide for control of blights, rots,
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mildews and other fungal diseases. Those uses, as well as uses on ornamentals and in

greenhouses, have been cancelled (EPA 2003).
Usage Information

The BE indicated EPA has no recent national data on the amount of methomyl applied
annually (EPA 2003). According to the 1998 RED, an estimated 2.5 to 3.5 million lbs of
methomyl a.i. were applied annually in the U.S. between 1987 and 1995. CDPR
indicates approximately 262 — 554 thousand lbs of methomyl were applied annually in
California between 2000 and 2006 based on agricultural and other “reportable uses”
(CDPR 2007). Over 42,000 lbs of methomyl were applied in Oregon in 2007 (ODA

2008). Similar data on pesticide use were not found for Idaho and Washington.
Examples of Registered Uses

Agriculture. Methomyl is used for a variety of agricultural uses including alfalfa, anise,
asparagus, barley, beans (succulent and dry), beets, Bermuda grass (pasture), blueberries,
broccoli, broccoli raab, Brussels sprouts, cabbage, carrot, cauliflower, celery, chicory,
Chinese broccoli, Chinese cabbage, collards (fresh market), corn (sweet), corn (field and
popcorn), corn (seed), cotton, cucumber, eggplant, endive, garlic, horseradish, leafy green
vegetables, lentils, lettuce (head and leaf), lupine, melons, mint, nonbearing nursery stock
(field grown), oats, onions (dry and green), peas, peppers, potato, pumpkin, radishes, rye,
sorghum, soybeans, spinach, sugar beet, summer squash, sweet potato, tomatillo, tomato,
turf (sod farms only), wheat, and orchards including apple, avocado, grapes, grapefruit,

lemon, nectarines, oranges, peaches, pomegranates, tangelo, and tangerine (EPA 2007).

Non-agriculture. Methomyl has several non-crop uses that are outside uses involving
scatter bait or bait station formulations including the following use sites: bakeries,
beverage plants, broiler houses, canneries, commercial dumpsters which are enclosed,
commercial use sites (unspecified), commissaries, dairies, dumpsters, fast food
establishments, feedlots, food processing establishments, hog houses, kennel, livestock
barns, meat processing establishments, poultry houses, poultry processing establishments,

restaurants, supermarkets, stables, and warehouses (EPA 2007).
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Examples of Registered Formulations and Types.

End-use formulations of methomyl include soluble concentrate, wettable powder,
granular, pelleted/tableted, and water soluble packaged. Products registered as fly baits
also contain (Z)-9-tricosene (0.04 to 0.26% a.i.) as an a.i.; labels note that these products

contain a sex attractant and feeding synergist (EPA 2003).
Examples of Approved Methods and Rates of Application.

Application Equipment. Methomyl can be applied by aircraft; bait box; brush; cup;
duster; glove; granule applicator; ground; high volume ground sprayer; low volume
ground sprayer; package applicator; scoop; shaker can; shaker jar; sprayer; and ultra low

volume sprayer (EPA 1998).

Application Rates. The maximum single application rate allowed on the labels for
agricultural uses in California, Idaho, Oregon, and Washington is 0.9 Ib a.i./acre. Many
agricultural uses allow repeated application of methomy]l at relatively short intervals (1-5
days). For example, the application interval for methomyl for sweet corn is one day and
methomyl can be applied 28 times within a single crop of sweet corn. Additionally,
several crops of sweet corn may be grown per year in some locations within the action
area (EPA 2007). The maximum seasonal labeled application rates (indicated on the
label as maximum application rates per crop) for agricultural uses range from 0.9 b
a.i./acre/crop [i.e., Bermuda grass (pasture), avocado, lentils, beans (interplanted with
trees), sorghum, and soybeans (interplanted with trees)] to 7.2 Ibs a.i./acre/crop [i.€.,
cabbage, lettuce (head), cauliflower, broccoli raab, celery, and Chinese cabbage].
Several methomyl crops can be grown more than one time per year (i.e., they have
multiple crop cycles). Therefore, for those methomyl uses that have more than one crop
cycle per year, the maximum allowable yearly application rate will be higher than the
maximum seasonal application rate. For perennial crops (e.g., alfalfa), the number of
cuttings per year was used to determine the number of crop cycles per year. Based on the
labeled application rates and information from EPA’s OPP Benefits and Economic
Analysis Division (BEAD) on the number of times each crop for which methomyl is

registered for use can be grown in California, the maximum yearly application rates for
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methomyl are 32.4 Ib a.i./acre/year (alfalfa) and 21.6 1b a.i./acre/year (broccoli raab,
cabbage, and Chinese cabbage) for agricultural crops; 5.4 1b a.i./acre/year (peaches) for
orchards; and 0.22 1b a.i./acre/application for nonagricultural uses (no maximum
application/acre/year is provided on the nonagricultural use labels). All orchard and most
agricultural uses involve foliar application. The only granular agricultural/orchard use is

for corn which also has a foliar use (EPA 2007).

All non-agricultural outside uses for methomyl in California, Idaho, Oregon, and
Washington are limited to scatter baits and bait stations around agricultural (€.g., animal
premises) and commercial structures and commercial dumpsters, where children or
animals are not likely to contact the pesticide. The scatter bait can also be mixed with
water to form a paste which can be brushed onto walls, window sills, and support beams.

The maximum application rate for the scatter bait use is 0.22 1b a.i./acre (0.0025 1b

2
a.1./500 ft ). However, it is unlikely that applications would involve a full acre as the
outside use of the scatter bait is limited to areas around structures and dumpsters. No

minimum application interval or maximum application rate per year is provided on the

scatter bait labels (EPA 2007).

Table 3. Examples of registered uses and application rates for methomyl in California,
Idaho, Oregon, and Washington (EPA 2007).

Application
Use Site I\A/Iaxi_rnum Single Maximum Al\sg:ilgl:irgn Maximum per
pplication Rate Number of year
(Ib a.i./acre) Applications 27zl (Ib a.i./acre)
(days)
Commercial dumpsters; poultry houses;
unspecified commercial sites; outside
commercial uses: feedlots, dairies, stables,
broiler houses, hog houses, livestock barns,
meat processing establishments, poultry 0.22 Not specified 1-3 Not specified
processing establishments, beverage plants,
canneries, food processing establishments,
kennels, dumpsters, restaurants, supermarkets,
commissaries, and bakeries.

Alfalfa 0.9 10 x 9 crops 5 32.4

Asparagus 0.9 5 7 4.5

Avocado 0.9 2 5 0.9

Barley 0.45 4 5 1.8

Beans 0.9 10 5 4.5

Broccoli 0.9 10 x 3 crops 5 21.6

Cabbage 0.9 15 x 3 crops 2 21.6

Corn 0.45 28 x 3 crops 1 18.9

Lettuce 0.9 8 x 2 crops 2 14.4
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Application
. . . Minimum .

Use Site Mam_mum Single Maximum Application Maximum per

Application Rate Number of Interval year

(Ib a.i./acre) Applications (days) (Ib a.i./acre)
Onions 0.9 8 x 3 crops 5 16.2
Spinach 0.9 8 x 3 crops 5 10.8
Turf 0.9 4 x 2 crops 5 7.2

Timing. The timing of application is dependent on use, but may occur throughout the
year. In most cases multiple applications are allowed to maintain pest control.
Applications occur on fruit crops during the bloom, petal fall, pre-bloom, and leaf stages
and when pest pressure is highest on a “When Needed” basis. On corn, application may
occur during the whorl/foliar stages. With other crops, application is during the foliar or

leaf stages of the crop (EPA 1998).
Metabolites and Degradates

Several degradates and metabolites have been identified for methomyl. The major
degradate in most metabolism studies was CO’. Another degradate, S-methyl-N[]
hydroxythioacetamidate, which is highly mobile, appears primarily as a product of
alkaline hydrolysis. In an aquatic metabolism study, methomyl degraded with estimated
half-lives of four to five days. After seven days, acetonitrile comprised a maximum of
17% and acetamide up to 14% of the amount of methomyl applied. After 102 days,
volatilized acetonitrile totaled up to 27% of the applied and CO, up to 46% of the applied
material (EPA 2003).

Species Addressed in the BEs

EPA’s BEs considered the effects of carbaryl, carbofuran, and methomyl to 26 species of
listed Pacific salmonids and their designated critical habitat. EPA determined that

carbaryl, carbofuran, and methomyl may affect most of these species. Exceptions follow:
EPA concluded that the registration of carbaryl products would have no effect on

Northern California steelhead, SONCCal coho, Hood Canal summer-run chum, and

Ozette Lake sockeye. EPA also concluded that the registration of carbaryl products
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would not likely adversely affect California Coastal Chinook and Puget Sound Chinook

salmon.

EPA concluded that the registration of carbofuran products would have no effect on
Northern California Steelhead, Central California Coast coho, and California Coastal
Chinook salmon. EPA also concluded that the registration of carbofuran products would
not likely adversely affect Central Valley Spring-run Chinook salmon, Lower Columbia
River Chinook salmon, Puget Sound Chinook salmon, Sacramento River winter-run
Chinook salmon, Upper Willamette River Chinook salmon, Columbia River chum, Hood
Canal summer-run chum, Oregon Coast coho, SONCC coho, Ozette Lake sockeye, Snake
River sockeye, Central California Coast steelhead, California Central Valley steelhead,
Lower Columbia River steelhead, Snake River steelhead, South-Central California

steelhead, Southern California steelhead, and Upper Willamette River steelhead.

EPA concluded that the registration of methomyl products would have no effect on

Northern California steelhead and California Coastal Chinook salmon.

Although EPA has determined that its action in registering pesticides containing the three
a.i.s is not likely to adversely affect certain ESUs/DPSs and will have no effect on others,
EPA initiated formal consultation on its action because EPA concluded that its action
may adversely affect other listed ESUs/DPSs. When an action agency concludes that its
action will not affect any listed species or critical habitat, then no section 7 consultation is
necessary (USFWS and NMFS 1998). If NMFS concurs with a federal agency that its
action is not likely to adversely affect any listed species or critical habitat, then formal
consultation is not required. Since formal consultation was triggered, NMFS evaluated
the federal action and its impacts to all listed Pacific, anadromous salmonids and their
designated critical habitat. In this Opinion, NMFS will analyze the impacts to all
ESUs/DPSs of Pacific salmonids present in the action area, including those salmonid
species identified by EPA as being unaffected or not likely to be adversely affected

including two species of salmonid listed after EPA provided its BEs.
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Approach to this Assessment

Overview of NMFS’ Assessment Framework

NMEFS uses a series of steps to assess the effects of federal actions on endangered and
threatened species and designated critical habitat. The first step of our analysis identifies
those physical, chemical, or biotic aspects of proposed actions that are likely to have
individual, interactive, or cumulative direct and indirect effects on the environment (we
use the term “potential stressors” for these aspects of an action). As part of this step, we
identify the spatial extent of any potential stressors and recognize that the spatial extent
of those stressors may change with time. The spatial extent of these stressors is the

“action area” for a consultation.

The second step of our analyses identifies the listed resources (endangered and threatened
species and designated critical habitat) that are likely to occur in the same space and at
the same time as these potential stressors. If we conclude that such co-occurrence is
likely, we then try to estimate the nature of co-occurrence (these represent our Exposure
Analyses). In this step of our analysis, we try to identify the number, age (or life stage),
gender, and life history of the individuals that are likely to be exposed to an action’s

effects and the populations or subpopulations those individuals represent.

Once we identify which listed resources are likely to be exposed to potential stressors
associated with an action and the nature of that exposure, in the third step of our analysis
we examine the scientific and commercial data available to determine whether and how
those listed resources are likely to respond given their exposure (these represent our
Response Analyses). We integrate the exposure and response analyses to assess the risk
to listed individuals and their habitat from the stressors of the action (these represent our
Risk Characterization). NMFS’ analysis is ultimately a qualitative assessment that draws
on a variety of quantitative and qualitative tools and measures to address risk to listed

resources.
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In the final steps of our analyses, we establish the risks posed to listed species and to
designated critical habitat. Our jeopardy determinations for listed species must be based
on an action’s effects on the continued existence of threatened or endangered species as
those “species” have been listed, which can include true biological species, subspecies, or
distinct population segments of vertebrate species. Because the continued existence of
listed species depends on the fate of the populations that comprise them, the viability
(that is, the probability of extinction or probability of persistence) of listed species
depends on the viability of the populations that comprise the species. Similarly, the
continued existence of populations are determined by the fate of the individuals that
comprise them; populations grow or decline as the individuals that comprise the

population live, die, grow, mature, migrate, and reproduce (or fail to do so).

The structure of our risk analyses reflects the relationships between listed species, the
populations that comprise each species, and the individuals that comprise each
population. Our risk analyses begin by identifying the probable risks actions pose to
listed individuals that are likely to be exposed to an action’s effects. Our analyses then
integrates those individual-level effects to identify consequences to the populations those
individuals represent. Our analyses conclude by determining the consequences of those

population-level risks to the species those populations comprise.

We evaluate risks to listed individuals by measuring the individual’s “fitness” defined as
changes in an individual’s growth, survival, annual reproductive success, or lifetime
reproductive success. In particular, we examine the scientific and commercial data
available to determine if an individual’s probable response to an action’s effect on the
environment (which we identify in our Response Analyses) are likely to have

consequences for the individual’s fitness.

Reductions in abundance, reproduction rates, or growth rates (or increased variance in
one or more of these rates) of the populations those individuals represent is a necessary
condition for reductions in a population’s viability, which is itself a necessary condition

for reductions in a species’ viability. On the other hand, when listed plants or animals
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exposed to an action’s effects are not expected to experience reductions in fitness, we
would not expect that action to have adverse consequences on the viability of the
population those individuals represent or the species those populations comprise (Mills
and Beatty 1979; Stearns 1982; Anderson, Phillips et al. 2006). If we conclude that listed
species are not likely to experience reductions in their fitness, we would conclude our
assessment because an action that is not likely to affect the fitness of individuals is not

likely to jeopardize the continued existence of listed species.

If, however, we conclude that listed plants or animals are likely to experience reductions
in their fitness, our assessment determines if those fitness reductions are likely to be
sufficient to reduce the viability of the populations those individuals represent (measured
using changes in the populations’ abundance, reproduction, spatial structure and
connectivity, growth rates, or variance in these measures to make inferences about the
population’s extinction risks). In this step of our analyses, we use the population’s base
condition (established in the Status of Listed Resources and Environmental Baseline
sections of this Opinion) as our point of reference. Finally, our assessment determines if
changes in population viability are likely to be sufficient to reduce the viability of the

species those populations comprise.

Critical habitat analysis focuses on reductions in the quality or quantity of PCEs. The
stressors of the action for this Opinion are chemicals and PCEs potentially affected are
salmonid prey availability and degradation of water quality in freshwater spawning sites,
freshwater rearing sites, freshwater migration corridors, estuarine areas, and nearshore
marine areas. Endpoints evaluated for the prey PCE include prey survival, prey growth,
prey drift, prey reproduction, abundance of prey, health of invertebrate aquatic
communities, and recovery of aquatic communities following pesticide exposure.
Degradation of water quality was evaluated by considering the information available on
the presence of constituents known to adversely affect aquatic organisms (€.g., toxic
chemicals, nutrients, sediments), whole effluent test or toxicity indicator evaluations,

and/or instances of waterbodies not meeting local, state, or federal water quality criteria.
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Evidence Available for the Consultation

We search, compile and use a variety of resources to conduct our analyses including:

EPA’s BEs, REDs, IREDS, other documents developed by EPA
Peer-reviewed literature

Gray literature

Books

Available pesticide labels

Any correspondence (with EPA or others)

Available monitoring data and other local, county, and state information
Pesticide registrant generated data

Online toxicity databases (PAN, EXTOXNET, ECOTOX, USGS, NPIC)
Pesticide exposure models run by NMFS

Population models run by NMFS

Information and data provided by the registrants identified as applicants
Comments on the draft Opinion from EPA and any applicants

Incident reports

Collectively, this information provided the basis for our determination as to whether and
to what degree listed resources under our jurisdiction are likely to be exposed to EPA’s
action and whether and to what degree the EPA can ensure that its authorization of
pesticides is not likely to jeopardize the continued existence of threatened and
endangered species or is not likely to result in the destruction or adverse modification of

designated critical habitat.

Application of Approach in this Consultation

The EPA proposes to authorize the use of over 100 pesticide formulations (pesticide
products) containing the a.i.s carbaryl, carbofuran, and methomyl through its authority to
register pesticides under FIFRA. Registration by EPA authorizes the use of these
formulations in the U.S. and its territories, documented by EPA’s approval of registrant-
derived pesticide labels. Pursuant to the court’s 2002 order in Washington Toxics
Coalition v. EPA, EPA initiated consultation on registration of carbaryl, carbofuran, and
methomy! for 26 listed ESUs of Pacific salmonids. Since EPA initiated consultation,
NMES has listed one additional Pacific coho ESU and one additional Pacific steelhead
DPS. This Opinion represents NMFS’ evaluation of whether EPA’s authorization of
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these labels satisfies EPA’s obligations to listed salmonids pursuant to section 7(a)(2) of

the ESA.

The NMFS evaluates whether endangered species, threatened species, and designated
critical habitat are likely to be exposed to the direct and indirect effects of the proposed
action. If those listed resources are not likely to be exposed to these activities, we would
conclude that EPA’s action is not likely to jeopardize the continued existence of
threatened species, endangered species, or result in the destruction or adverse
modification of designated critical habitat under NMFS’ jurisdiction. If, however, listed
individuals are likely to be exposed to these actions and individual fitness is reduced,

then we evaluate the potential for population-level consequences.

A Viable Salmonid Population (VSP) is an independent population of any Pacific
salmonid that has a negligible risk of extinction due to threats from demographic
variation, local environmental variation, and genetic diversity changes over a 100-year
time frame (McElhaney, Ruckleshaus et al. 2000). The independent population is the
fundamental unit of evaluation in determining the risk of extinction of salmon in an ESU.
Attributes or metrics associated with a VSP include the abundance, productivity, spatial
structure, and genetic diversity of the population. Abundance is defined as the size of the
population and can be expressed in a number of ways, €.¢., the number of spawning
adults, the number of adults surviving to recruit to fisheries, or the number of emigrating
smolts. Abundance is a vital measure, as smaller populations run a greater risk of
extinction. The second VSP measure is productivity, generally defined as the growth rate
of a population. This Opinion discusses productivity in terms of lambda (A). Appendix 1
contains a more detailed explanation of A in the context of our population models. The
spatial structure of a population is inherently dependant on the quantity and quality of
available habitat. A limited spatial structure can hamper the ability of the ESU to
respond to evolutionary pressures. Genetic variability within the ESU gives the species
the ability to respond to short-term stochastic events, as well as to evolve to a changing
environment in the long-term. These VSP parameters provide an indication of the

population’s capacity to adapt to various environmental conditions and ability to be selfl’
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sustaining in the natural environment (McElhaney, Ruckleshaus et al. 2000; McElhaney,

Chilcote et al. 2007).

In determining the effect of an action to populations, we first address whether individual
fitness level consequences are likely and whether those consequences affect populations.
We evaluate whether identified VSP parameters of populations such as abundance and
productivity are reduced by individual fitness effects. If populations are likely to be
adversely affected by reductions in VSP parameters, we analyze the potential effects to
the species as a whole. In parallel, if designated critical habitats are likely to be exposed
and PCEs are adversely affected, then we evaluate the potential for reductions in the
conservation value of the habitats. We devise risk hypotheses based on identified PCEs
that are potentially affected by the stressors of the action. If the best available data
indicate that PCE-specific risk hypotheses are supported, then we discuss whether critical
habitat will remain functional to serve the intended conservation role for the species in

the Conclusion section.

General conceptual framework for assessing risk of EPA’s pesticide actions to listed
resources.

We evaluate the risk to listed species and designated critical habitat in the Effects of the
Proposed Action section by applying an ecological risk assessment framework that
organizes the available information in three phases: problem formulation, analysis, and
risk characterization (EPA 1998; McElhaney, Ruckleshaus et al. 2000). We adapted the
EPA framework to address ESA-specific considerations (Figure 2). The framework
follows a process for organizing, evaluating, and synthesizing the available information
on listed resources and the stressors of the action. Below, we briefly describe each phase

in the Effects of the Proposed Action section.

Problem Formulation

The first phase of the framework is problem formulation. In this phase, we generate
conceptual models from our initial evaluation of the relationships between stressors of the
action (pesticides and identified chemical stressors and potential receptors (listed species,

habitat). We represent these relationships in conceptual models presented as diagrams
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and written risk hypotheses (EPA 1998). Conceptual model diagrams are constructed to
illustrate potential pesticide exposure pathways and associated listed resources’
responses. An example of a conceptual model is presented in Figure 3 for Pacific
salmonids. In it, we illustrate where the pesticides generally reside in the environment
following application, how pesticides may co-occur with listed species and their habitats,
and how the individuals/habitat may respond upon exposure to them. In the case of
Pacific salmonids, we ascribe exposure and response to specific life stages of individuals

and then assess individual fitness endpoints sensitive to the action’s stressors.
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Figure 2. Conceptual framework for assessing risks of EPA’s action to listed resources
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Figure 3. Exposure pathways to carbaryl, carbofuran, and methomyl and general responses of listed Pacific salmonids and habitat.
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Species Risk Hypotheses

We construct risk hypotheses by identifying biological requirements or assessment
endpoints (Table 4) for listed resources in the action area. We designate assessment
endpoints as those biological properties of species and their habitat essential for
successful completion of a species life cycle. We integrate the listed resources
information with what is known about the stressors of the action, including their physical
properties, use, presence in aquatic habitats, and their toxicity. We then evaluate how
listed salmonids and their habitat are potentially affected by the stressors of the action
and integrate this information with exposure information to develop risk hypotheses.
Below are the risk hypotheses (written as affirmative statements) we evaluate in the

Effects of the Proposed Action section:

1. Exposure to carbaryl, carbofuran, and methomyl is sufficient to:

a. Kill salmonids from direct, acute exposure;

b. Reduce salmonid survival through impacts to growth;

c. Reduce salmonid growth through impacts on the availability and quantity
of salmonid prey;

d. Impair swimming which leads to reduced growth (via reductions in
feeding), delayed and interrupted migration patterns, survival (via reduced
predator avoidance), and reproduction (reduced spawning success); and

e. Reduce olfactory-mediated behaviors resulting in consequences to
survival, migration, and reproduction.

2. Exposure to mixtures of carbaryl, carbofuran, and methomyl can act in
combination to increase adverse effects to salmonids and salmonid habitat.

3. Exposure to other stressors of the action including degradates, adjuvants, tank
mixtures, and other active and other ingredients in pesticide products containing
carbaryl, carbofuran, and methomyl cause adverse effects to salmonids and their
habitat.

4. Exposure to other pesticides present in the action area can act in combination with
carbaryl, carbofuran, and methomyl to increase effects to salmonids and their
habitat.

5. Exposure to elevated temperatures can enhance the toxicity of the stressors of the
action.

We discuss an example of one risk hypothesis to show the relationship between
assessment endpoints and measures with species responses. In risk hypothesis 1 (d),

aquatic exposure to carbaryl, carbofuran, and methomyl can impair a salmonid’s nervous
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system and consequently affect swimming ability of fish. Behavioral modifications, such
as changes in swimming performance, are regularly considered in NMFS’ Opinions.
Swimming performance therefore is an assessment endpoint. Measurable changes in
swimming speed are the assessment measure used to evaluate this endpoint. Reductions
in swimming performance could also affect other assessment endpoints such as migration
and predator avoidance. We may or may not have empirical data that address these
endpoints, resulting in a recognized data gap. This uncertainty would be identified

during the problem formulation phase, and discussed in the risk characterization phase.
Critical Habitat Risk Hypotheses:

To determine potential effects to designated critical habitat, NMFS evaluates the effects
of the action by first looking at the effects on PCEs of critical habitat. Effects to PCEs
include changes to the functional condition of salmonid habitat caused by the action in
the action area. Properly functioning salmonid PCEs are important to the conservation of
the ESU/DPS. The stressors of the action for this Opinion are chemicals. As such, the
key PCEs that are potentially affected are salmonid prey availability and degradation of
water quality in freshwater spawning sites, freshwater rearing sites, freshwater migration
corridors, estuarine areas, and nearshore marine areas. We developed two risk

hypotheses based on these PCEs:

1. Exposure to the stressors of the action is sufficient to reduce abundance of aquatic
prey items of salmonids; and
2. Exposure to the stressors of the action is sufficient to degrade water quality in
designated critical habitat.
These hypotheses are evaluated using the best scientific and commercial data available
presented in the Response section. Examples of assessment endpoints evaluated include
prey survival, prey growth, prey drift, prey reproduction, abundance of prey, health of
invertebrate aquatic communities, recovery of aquatic communities following pesticide
exposure, etc. If the available evidence supports the risk hypotheses, then NMFS

evaluates whether the potential reductions in PCEs are localized or widespread. The

potential reduction of PCEs affect on the conservation value of designated critical
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habitats is then assessed. This portion of the analysis is conducted in the Integration and

Synthesis section.

Below we discuss an example of one risk hypothesis to show the relationship between
assessment endpoints and measures with species responses. In risk hypothesis 1 (d),
aquatic exposure to carbaryl, carbofuran, and methomyl can impair a salmonid’s nervous
system and consequently affect swimming ability of fish. Behavioral modifications, such
as changes in swimming performance, are regularly considered in NMFS’ Opinions.
Swimming performance therefore is an assessment endpoint. Measurable changes in
swimming speed are the assessment measure used to evaluate this endpoint. Reductions
in swimming performance could also affect other assessment endpoints such as migration
and predator avoidance. We may or may not have empirical data that address these
endpoints, resulting in a recognized data gap. This uncertainty would be identified

during the problem formulation phase, and discussed in the risk characterization phase.

In the problem formulation phase, we also identify the toxic mode and mechanism of
action of chemical stressors, particularly for the pesticide a.i.s. This information helps us
understand what an organism’s physiological consequences may be following exposure.
It also helps us evaluate whether mixture toxicity occurs because we identify other
pesticides that share similar modes of action and the likelihood for co-occurrence in listed
species habitats. A similar mode of action with other pesticides is a key determinant of
the likelihood of mixture toxicity. With vertebrates (fish and mammals) and
invertebrates, the three a.i.s share a common mode and mechanism of action,
acetylcholinesterase inhibition. Given this information, a range of potential adverse
responses are possible (Figure 4). We then search, compile, and review the available
toxicity information to ascertain which physiological systems are known to be affected

and to what degree.
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Figure 4. Physiological systems potentially affected by acetylcholinesterase inhibition

Chemoreception Central nervous
System
Cardiovascular Locomotion
system /
Autonomic
Growth and nervous system
metabolism
Reproduction Feeding and
digestion

In Table 4, assessment endpoints and assessment measures are identified for particular
life stages. We focused on the following physiological systems identified in Figure 4:
chemoreception, locomotion, feeding, reproduction, and growth. We did not locate any
information on the remaining systems in Figure 4. Thus, they were not specifically

addressed in our analysis.

We assess the likelihood of these fitness level consequences occurring from exposure to
the action. In the exposure analysis (Figure 2), we select exposure estimates for our
listed resources derived from reviewing the available exposure data. Depending on the
chemicals being evaluated, data may or may not be available for all endpoints and
measures, and available data may vary in reliability. Thus, we use a weight-of-evidence

approach in this Opinion.



The problem formulation phase as articulated in EPA’s 1998 Guidelines for Conducting
Ecological Risk Assessment concludes with the development of an analysis plan. In this
Opinion, the Approach to the Assessment section is the general analysis plan. This
section identifies how exposure will be assessed and which assessment endpoints will be
evaluated. Therefore, the Approach to the Assessment is a road map for evaluating the

effects of EPA’s registration actions with carbaryl, carbofuran, and methomyl.
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Table 4. Examples of salmonid lifestage assessment endpoints and measures

Salmonid Life Stage

Assessment Endpoint
(individual fitness)

Assessment Measure
(measures of changes in individual fitness)

Egg*

* Is the egg permeable to pesticides
(measured by pesticide concentrations

Development

size, hatching success, morphological deformities

viability (percent survival)

in eggs)? Survival
Respiration gas exchange, respiration rate
Swimming: swimming speed, orientation, burst speed
predator g\}oidance predator avoidance assays
site fidelity

Alevin (yolk-sac fry)

Yolk-sac utilization:
growth rate
size at first feeding
Development

Survival

rate of absorption, growth
weight and length
weight and length

morphology, histology

LC50 (dose-response slope). Percent dead at a
given concentration

Fry, Juvenile, Smolt

First exogenous feeding (fry)— post yolk-
sac absorption

Survival

Growth

Feeding

Swimming:

predator avoidance behavior
migration
use of shelter

Olfaction:
kin recognition
predator avoidance
imprinting
feeding

Smoltification (smolt)

Development

time to first feeding, starvation

LC50 (dose-response slope). Percent dead at a
given concentration

weight, length

stomach contents, weight, length, starvation, prey
capture rates

swimming speed, orientation, burst swimming
speed
predator avoidance assays
swimming rate, downstream migration
fish monitoring, bioassays

electro-olfactogram measurements,
behavioral assays
behavioral assays
behavioral assays
behavioral assays

Na/K ATPase activity, sea water challenge tests

length, weight, malformations

Returning adult

Survival

Feeding

Swimming:
predator avoidance
migration
spawning
feeding

Sexual development

Olfaction:
Predator avoidance
Homing
Spawning

LC50 (dose-response slope). Percent dead at a
given concentration

stomach contents

behavioral assays
numbers of adult returns, behavioral assays
numbers of eggs fertilized
stomach contents

histological assessment of ovaries/testis
electro-olfactogram measurements,
measurements of intersex

behavioral assays
behavioral assays
behavioral assays
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Risk Characterization

We follow the framework presented in Figure 2 to conduct the analysis and risk
characterization phases. First we conduct exposure and response analyses to
estimate/determine the type, likelihood, magnitude, and frequency of adverse responses
resulting from predicted exposure based on the best available information. We evaluate
species information and pesticide information to determine when, where, and at what
concentrations listed salmonids and their habitat may be exposed. We then correlate
those exposure estimates with probable response based on available toxicity data. Once
we have conducted the analysis phase, we move to the risk characterization phase (Figure

2).

In the risk characterization phase, we revisit the risk hypotheses and apply tools to
address whether any individual fitness consequences assessed in the analysis phase would
be expected to impact populations and ultimately species. One of the tools we employ is
individual-based population models predicated on a juvenile salmonids’ probability of
survival in its first year of life. We also assess interactions between the stressors of the
action and stressors in the Environmental Baseline (Figure 2). Some pesticides’ toxicity
profiles are influenced by environmental parameters such as pH and temperature.
Temperature can affect pesticide metabolism in fish and is seasonally elevated in many
salmonid supporting watersheds. As described earlier in this section we translate
expected effects to identified PCEs by evaluating the available information to support
risk hypotheses. If we expect PCEs to be reduced we discuss whether the expected

reductions translate to reductions in the conservation value of designated critical habitat.

To conclude consultation, cumulative effects are described and the extent to which
species and habitat are affected is documented. Cumulative effects as defined in 50 CFR
§404.2 include the effects of future, state, tribal, local, or private actions that are
reasonably certain to occur in the action area of this Opinion. Integrating the Effects of
the Proposed Action, the Status of Listed Resources, and the Environmental Baseline,

NMEFS determines whether EPA’s pesticide registration action jeopardizes the continued
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existence of the species. NMFS also determines whether the action results in the

destruction or adverse modification of designated critical habitat.

Other Considerations

In this Opinion, we evaluated lines of evidence constructed as species-specific risk
hypotheses to ensure relevant endpoints were addressed. Ultimately, our analysis weighs
each line of evidence by evaluating the best commercial and scientific data available that
pertain to a given risk hypothesis. Overall, the analysis is a qualitative approach that uses
some quantitative tools to provide examples of potential risks to listed salmonids and
their habitat. Multiple methods and tools currently exist for addressing contaminant-
induced risk to the environment. Hazard-based assessments, probabilistic risk assessment
techniques, combinations of the two, and deterministic approaches such as screening
level assessments have been applied to questions of risk related to human health and the

environment.

In recent pesticide risk assessments, probabilistic techniques have been used to evaluate
the probability of exceeding a “toxic” threshold for aquatic organisms by combining
pesticide monitoring data with species sensitivity distributions (Geisy, Solomon et al.
1999; Giddings 2009). There is utility in information generated by probabilistic
approaches if supported by robust data. We compared the species sensitivity
distributions presented in Giddings 2009 with the probability distributions of salmonid
prey acute lethality values that we developed to highlight differences in outcomes. The
assessment with carbaryl did not address many of the species-specific risk hypotheses.
We found no other probabilistic assessments that addressed risk to salmonids affected by
short-term sublethal exposures, mixtures, or affects on growth from reduced feeding

ability and reduced abundances of prey.

NMEFS considered the use of probabilistic risk assessment techniques for addressing risk
at population and species (ESU and DPS) scales for the stressors of the action. However,
we encountered significant limitations in available data that suggested the information

was not sufficient to define exposure and/or response probabilities necessary to determine
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the probability of risk. In the Risk Characterization section, the distribution of the
sensitivity of salmonid prey items was used to determine selection of a survival toxicity
value used in population modeling exercises. Probabilistic techniques were not otherwise
utilized in the Opinion due to issues with data collection, paucity of data, non-normal
distributions of data, and quality assurance and quality control. For example, it was not
deemed appropriate to pair the salmonid prey responses with exposure probabilities based
on monitoring results given the limitations of that data set discussed in the Effects of the
Proposed Action. To evaluate population consequences associated with potential
lethality from pesticide exposure in salmon, NMFS selected the lowest reported salmonid
LC50 from the available information to ensure risk was not underestimated. When we
consider the data limitations coupled with the inherent complexity of EPA’s proposed
action (Figure 1) in California, Idaho, Oregon, and Washington, we find that probabilistic
assessments at population and species scales introduce an unquantifiable amount of
uncertainty that undermines confidence in derived risk estimates. These same studies do
not factor the status of the existing health and baseline conditions of the environment into
their assessment. At this time, the best available data do not support such an analysis and

conclusions from such an analysis would be highly speculative.

Action Area

The action area is defined as 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).
Given EPA’s nationwide authorization of these pesticides, the action area would
encompass the entire U.S. and its territories. These same geographic areas would include

all listed species and designated critical habitat under NMFS jurisdiction.

In this instance, as a result of the 2002 order in Washington Toxics Coalition v. EPA,

EPA initiated consultation on its authorization of 37 pesticide a.i.s and their effects on
listed Pacific salmonids under NMFS’ jurisdiction and associated designated critical
habitat in the states of California, Idaho, Oregon, and Washington. Consequently, for
purposes of this Opinion, the action area consists of the entire range and most life history

stages of listed salmon and steelhead and their designated critical habitat in California,
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Idaho, Oregon, and Washington. The action area encompasses all freshwater, estuarine,
marsh, swamps, nearshore, and offshore marine surface waters of California, Oregon, and

Washington. The action area also includes all freshwater surface waters in Idaho (Figure

5).

Carbaryl, carbofuran, and methomyl are the second set of three insecticides identified in
the consultation schedule established in the settlement agreement and are analyzed in this
Opinion. NMFS’ analysis focuses only on the effects of EPA’s action on listed Pacific
salmonids in the above-mentioned states. It includes the effects of these pesticides on the
recently listed Lower Columbia River coho salmon, Puget Sound steelhead, and Oregon
Coast coho salmon. The Lower Columbia River coho salmon was listed as endangered in
2005. The Puget Sound steelhead and the Oregon Coast coho salmon were listed as
threatened in 2007 and 2008, respectively.

EPA’s consultation with NMFS remains incomplete until it analyzes the effects of its
authorization of pesticide product labels with carbaryl, carbofuran, and methomyl for all
remaining threatened and endangered species under NMFS’ jurisdiction. EPA must
ensure its action does not jeopardize the continued existence or result in the destruction or
adverse modification of critical habitat for other listed species and designated critical

habitat under NMFS’ jurisdiction throughout the U.S. and its territories.
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Figure 5. Map showing extent of inland action area with the range of all ESU and DPS boundaries for ESA
listed salmonids highlighted in gray.
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Status of Listed Resources

NMEFS has determined that the following species and critical habitat designations may

occur in this action area for EPA’s registration of carbaryl, carbofuran, and methomyl [

containing products (Table 5). More detailed information on the status of these species

and critical habitat are found in a number of published documents including recent

recovery plans, status reviews, stock assessment reports, and technical memorandums.

Many are available on the Internet at http://www.nmfs.noaa.go/pr/species/.

Table 5. Listed Species and Critical Habitat (denoted by asterisk) in the Action Area

Common Name'(D|st'|nct.PopyIat|on Segment or Scientific Name Status

Evolutionarily Significant Unit)
Chinook salmon (California Coastal*) Threatened
Chinook salmon (Central Valley Spring-run*) Threatened
Chinook salmon (Lower Columbia River*) Threatened
Chinook salmon (Upper Columbia River ?prlng-run ) oncorhynchus Endangered
Chinook salmon (Puget Sound*) tshawytscha Threatened
Chinook salmon (Sacramento River Winter-run*) Endangered
Chinook salmon (Snake River Fall-run*) Threatened
Chinook salmon (Snake River Spring/Summer-run*) Threatened
Chinook salmon (Upper Willamette River*) Threatened
Chum salmon (Columbia River*) Oncorhynchus keta Threatened
Chum salmon (Hood Canal Summer-run*) Threatened
Coho salmon (Central California Coast*) Endangered
Coho salmon (Lower Columbia River) Threatened

Coho salmon (Southern Oregon & Northern California Oncorhynchus kisutch Th
. reatened
Coast*)

Coho salmon (Oregon Coast*) Threatened
Sockeye salmon (Ozette Lake™) Oncorhynchus nerka Threatened
Sockeye salmon (Snake River*) Endangered
Steelhead (Central California Coast®) Threatened
Steelhead (California Central Valley*) Threatened
Steelhead (Lower Columbia River*) Threatened
Steelhead (Middle Columbia River*) Threatened
Steelhead (Northern California*) Threatened
Steelhead (Puget Sound) Oncorhynchus mykiss Threatened
Steelhead (Snake River*) Threatened
Steelhead (South-Central California Coast*) Threatened
Steelhead (Southern California*) Threatened
Steelhead (Upper Columbia River*) Threatened
Steelhead (Upper Willamette River*) Threatened

The following brief narratives summarize the biology and ecology of threatened and

endangered species in the action area that are relevant to the effects analysis in this
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Opinion. Summaries of the status and trends [including (VSP) information] of each

species are presented to provide a foundation for the analysis.

One of the important factors defining a viable population is the population’s long- and
short-term tendency to increase in abundance. In our status reviews of each listed
salmonid species, we calculated the median annual population growth rate (denoted as
lambda, 1) from available time series of abundance for individual populations. The
lambda for each population is calculated using the rate at which four year running sums
of available abundance estimates changes through time. Several publications provide a
detailed description of the calculation of lambda (McClure, Holmes et al. 2003; Good,
Waples et al. 2005). The lambda values for salmonid VSPs presented in these papers are
summarized in Appendix 2. Unfortunately, reliable time series of abundance estimates
are not available for most Pacific salmon and steelhead populations. In those cases, we
made general inferences of long-term change based on what is known of historical and
past abundances from snapshot surveys, surveys of a population segments, harvest by
commercial and recreational fisheries, and professional judgment. We then compare

these to similar information of current populations.

Below, each species narrative is followed by a description of its critical habitat with
particular emphasis on any essential features of the habitat that may be exposed to the

proposed action, and may warrant special attention.

Chinook Salmon

Description of the Species

Chinook salmon are the largest of the Pacific salmon and historically ranged from the
Ventura River in California to Point Hope, Alaska in North America, and in northeastern
Asia from Hokkaido, Japan to the Anadyr River in Russia (Healey 1991). In addition,
Chinook salmon have been reported in the Canadian Beaufort Sea (McPhail and Lindsey
1970). We discuss the distribution, life history, diversity (when applicable), status, and
critical habitat of the nine species of endangered and threatened Chinook salmon

separately.
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Of the Pacific salmon species, Chinook salmon exhibit one of the most diverse and
complex life history strategies. Chinook salmon are generally described as one of two
races, within which there is substantial variation. One form, the “stream-type” resides in
freshwater for a year or more following emergence from gravel nests. Another form, the
“ocean-type” migrates to the ocean within their first year. The ocean-type typifies
populations north of 56°N (Healey 1991). Within each race, there is often variation in
age at seaward migration, age of maturity, timing of spawning migrations, male

precocity, and female fecundity.

Status and Trends

Over the past few decades, the size and distribution of Chinook salmon populations have
declined because of natural phenomena and human activity. Geographic features, such as
waterfalls, pose natural barriers to salmon migrating to spawning habitat. Flooding can
eliminate salmon runs and significantly alter large regions of salmon habitat. However,
these threats are not considered as serious as several anthropogenic threats. Of the
various natural phenomena that affect most populations of Pacific salmon, changes in
ocean productivity are generally considered most important. Natural variations in
freshwater and marine environments have substantial effects on the abundance of salmon

populations.

Salmon along the U.S. west coast are prey for a variety of predators, including marine
mammals, birds, sharks, and other fishes. In general, Chinook salmon are prey for
pelagic fishes, birds, and marine mammals, including harbor seals, sea lions, and killer
whales. Chinook salmon are also exposed to high rates of natural predation, during
freshwater rearing and migration stages, as well as during ocean migration. There have
been recent concerns that the increasing size of tern, seal, and sea lion populations in the
Pacific Northwest may have reduced the survival of some salmon ESUs. Human
activities include the operation of hydropower systems, over-harvest, hatcheries, and

habitat degradation including poor water quality from chemical contamination.
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Chinook salmon are dependent on the quantity and quality of aquatic habitats. Juvenile
salmonids rely on a variety of non-main channel habitats that are critical to rearing. All
listed salmonids use shallow, low flow habitats at some point in their life cycle.
Examples of off-channel habitat include alcoves, channel edge sloughs, overflow
channels, backwaters, terrace tributaries, off-channel dredge ponds, and braids (Anderson
1999; Swift II1 1979). Chinook salmon, like the other salmon NMFS has listed, have
declined under the combined effects of overharvests in fisheries; competition from fish
raised in hatcheries and native and non-native exotic species; dams that block their
migrations and alter river hydrology; gravel mining that impedes their migration and
alters the hydrogeomorphology of the rivers and streams that support juveniles; water
diversions that deplete water levels in rivers and streams; destruction or degradation of
riparian habitat that increase water temperatures in rivers and streams sufficient to reduce
the survival of juvenile Chinook salmon; and land use practices (logging, agriculture,
urbanization) that destroy or alter wetland and riparian ecosystems. These activities and
features introduce sediment, nutrients, biocides, metals, and other pollutants into surface
and ground water and degrade water quality in the freshwater, estuarine, and coastal

ecosystems throughout the Pacific Northwest.

Salmonids along the west coast of the U.S. share common threats. Therefore,
anthropogenic threats for all species and stocks are summarized here (see (NMFS 2005)
for a review). Population declines have resulted from several human-mediated causes.
However, the greatest negative influence has been the establishment of waterway
obstructions such as dams, power plants, and sluiceways for hydropower, agriculture,
flood control, and water storage. These structures have blocked salmon migration to
spawning habitat or resulted in direct mortality and have eliminated entire salmon runs.
Presently, many of these structures have been re-engineered, renovated, or removed to
allow for surviving runs to access former habitat. However, success has been limited.
Remaining freshwater habitats are threatened from development along waterways as well
as sedimentation, pollution run-off, habitat modification, and erosion. These factors can

directly cause mortality, affect salmonid health, or modify spawning habitat so as to
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reduce reproductive success. Immature salmonids remain in freshwater systems and may

be exposed to these modifications for years. These conditions reduce juvenile survival.

Salmonids are also a popular commercial resource and have faced significant pressure
from fishing. Although currently protected, illegal oceanic driftnet gear is suspected of
hindering salmon survival and recovery. Despite the protection of weaker salmonid
stocks from fishing, exploitation of more populous stocks may actually harm weaker
stocks. Hatchery-reared salmon have been and are still being introduced to bolster

stocks. However, the broader effects of this action are unknown.

California Coastal Chinook Salmon

Distribution

California Coastal (CC) Chinook salmon includes all naturally-spawned coastal Chinook
salmon spawning from Redwood Creek south through the Russian River as shown in

(Figure 6).

CC Chinook salmon are a fall-run, ocean-type fish. Although a spring-run (river-type)
component existed historically, it is now considered extinct (Bjorkstedt, Spence et al.
2005). Table 6 identifies populations within the CC Chinook salmon ESU, their

abundances, and hatchery input.
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Figure 7. Legend for the Land Cover Class categories found in species distribution maps.
Land cover is based on the 2001 National Land Cover Data and classifications.
http://www.mrlc.gov/index.php.
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Table 6. CC Chinook salmon--preliminary population structure, abundances, and hatchery
contributions (Good, Waples et al. 2005).

. Historical Most Recent Hatchery
Population Abundance Spawner Abundance
Abundance Contributions
Eel River 0
(includes * tributaries below) 17,000-55,000 156-2,730 ~30%
Mainstem Eel River* 13,000 Inc. in Eel River Unknown
Van Duzen River* 2,500 Inc. in Eel River Unknown
Middle Fork Eel River* 13,000 Inc. in Eel River Unknown
South Fork Eel River* 27,000 Inc. in Eel River Unknown
North Fork Eel River*® Unknown Inc. in Eel River Unknown
Upper Eel River* Unknown Inc. in Eel River Unknown
Redwood Creek 1,000-5,000 Unknown 0
Mad River 1,000-5,000 19-103 Unknown
Bear River 100 Unknown 0
Mattole River 1,000-5,000 Unknown Unknown
Russian River 50-500 200,000 ~0%
Humbolt Bay tributaries 40 120 40 (33%)
Tenmile to Gualala coastal effluents Unknown Unknown 0
Small Humboldt County rivers 1,500 Unknown 0
Rivers north of Mattole River 600 Unknown 0
Noyo River 50 Unknown 0
Total 20,750-72,550 200,175 (min)

Status and Trends

CC Chinook salmon were listed as threatened on September 16, 1999 (64 FR 50393).

Their classification was reaffirmed following a status review on June 28, 2005 (70 FR

37160). The outcome was based on the combined effect of dams that prevent individuals

from reaching spawning habitat, logging, agricultural activities, urbanization, and water

withdrawals in the river drainages that support CC Chinook salmon. Historical estimates

of escapement, based on professional opinion and evaluation of habitat conditions,

suggest abundance was roughly 73,000 in the early 1960s with the majority of fish
spawning in the Eel River [see CDFG 1965 in (Good, Waples et al. 2005)]. The species

exists as small populations with highly variable cohort sizes and discussion is underway

to split Eel River salmon into as many as five separate populations (see Table 3). The

Russian River probably contains some natural production. However, the origin of those

fish is unclear as a number of introductions of hatchery fish occurred over the last

century. The Eel River contains a substantial fraction of the remaining Chinook salmon

spawning habitat for this species.
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Since the original listing and status review, little new data are available or suitable for
analyzing trends or estimating changes in the Eel River population’s growth rate (Good,
Waples et al. 2005). Historical and current abundance information indicates that
independent populations of Chinook salmon are depressed in many of those basins where

they have been monitored.
Critical Habitat

Critical habitat was designated for this species on September 2, 2005 (70 FR 52630).

The critical habitat designation for this ESU identifies PCEs that include sites necessary
to support one or more Chinook salmon life stages. Specific sites include freshwater
spawning sites, freshwater rearing sites, freshwater migration corridors, nearshore marine
habitat, and estuarine areas. The physical or biological features that characterize these
sites include water quality and quantity, natural cover, forage, adequate passage
conditions, and floodplain connectivity. Critical habitat in this ESU consists of limited
quantity and quality summer and winter rearing habitat, as well as marginal spawning
habitat. Compared to historical conditions, there are fewer pools, limited cover, and
reduced habitat complexity. The limited instream cover that does exist is provided
mainly by large cobble and overhanging vegetation. Instream large woody debris,
needed for foraging sites, cover, and velocity refuges is especially lacking in most of the
streams throughout the basin. NMFS has determined that these degraded habitat
conditions are, in part, the result of many human-induced factors affecting critical habitat.
They include dam construction, agricultural and mining activities, urbanization, stream

channelization, water diversion, and logging.

Central Valley Spring-Run Chinook Salmon

Distribution

The Central Valley spring-run (CV) Chinook salmon includes all naturally spawned
populations of spring-run Chinook salmon in the Sacramento River and its tributaries in

California (Figure 8).
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Table 7 identifies populations within the CV spring-run Chinook salmon ESU, their

abundances, and hatchery input.

Table 7. CV Chinook salmon--preliminary population structure, abundances, and hatchery
contributions (Good, Waples et al. 2005).

Historical Most Recent Hatchery
Population Abundance Spawner Abundance
Abundance Contributions
Butte Creek Spring-run Chinook 67-4,513 Unknown
Deer Creek Spring-run Chinook 243-1,076 Unknown
Mill Creek Spring-run Chinook 203-491 Unknown
Total ~700,000 for all 513-6,080 Unknown
populations
Life History

CV Chinook salmon enter the Sacramento River from March to July and spawn from late
August through early October, with a peak in September. Spring-run fish in the
Sacramento River exhibit an ocean-type life history, emigrating as fry and sub-yearlings.
Chinook salmon require cool freshwater while they mature over the summer. This
species tends to take advantage of high flows. Adult upstream migration may be blocked
by temperatures above 21°C (McCullough 1999). Temperatures below 21°C can stress
fish by increasing their susceptibility to disease (Berman 1990) and elevating their

metabolism (Brett 1979).
Status and Trends

CV Chinook salmon were listed as threatened on September 16, 1999 (64 FR 50393).
This classification was retained following a status review on June 28, 2005 (70 FR
37160). The species was listed because dams isolated individuals from most of their
historic spawning habitat and the remaining habitat is degraded. Historically, spring-run
Chinook salmon were predominant throughout the CV. This species occupied the upper
and middle reaches (1,000 to 6,000 ft) of the San Joaquin, American, Yuba, Feather,
Sacramento, McCloud and Pit Rivers. Smaller populations occurred in most tributaries
with sufficient habitat for over-summering adults (Stone 1874; Rutter 1904; Clarke
1929).
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The CV drainage as a whole is estimated to have supported spring-run Chinook salmon
runs as large as 700,000 fish between the late 1880s and the 1940s (Brown, Moyle et al.
1994). Before construction of Friant Dam, nearly 50,000 adults were counted in the San
Joaquin River alone (Fry 1961). Following the completion of Friant Dam, the native
population from the San Joaquin River and its tributaries (i.e., the Stanislaus and
Mokelumne Rivers) was extirpated. Spring-run Chinook salmon no longer exist in the
American River due to the operation of Folsom Dam. Naturally spawning populations of
CV Chinook salmon currently are restricted to accessible reaches of the upper
Sacramento River, Antelope Creek, Battle Creek, Beegum Creek, Big Chico Creek, Butte
Creek, Clear Creek, Deer Creek, Feather River, Mill Creek, and Yuba River (CDFG
1998). Since 1969, the CV Chinook salmon ESU (excluding Feather River fish) has
displayed broad fluctuations in abundance ranging from 25,890 in 1982 to 1,403 in 1993
(CDFG unpublished data).

The average abundance for the ESU was 12,499 for the period of 1969 to 1979, 12,981
for the period of 1980 to 1990, and 6,542 for the period of 1991 to 2001. In 2003 and
2004, total run size for the ESU was 8,775 and 9,872 adults, respectively. These

averages are well above the 1991 to 2001 average.

Evaluating the ESU as a whole, however, masks significant changes that are occurring
among populations that comprise the ESU. For example, the mainstem Sacramento River
population has undergone a significant decline while the abundance of many tributary
populations increased. Average abundance of Sacramento River mainstem spring-run
Chinook salmon recently declined from a high of 12,107 for the period 1980 to 1990, to a
low of 609 for the period 1991 to 2001 (Good, Waples et al. 2005). Meanwhile, the
average abundance of Sacramento River tributary populations increased from a low of

1,227 to a high of 5,925 over the same periods.

According to Good et al. (2005), abundance time series data for Mill, Deer, and Butte
creeks spring-run Chinook salmon (updated through 2001) confirm that population

increases in the tributary populations seen in the 1990s have continued. During this
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period, habitat improvements included the removal of several small dams and increases
in summer flows in the watersheds, a reduced ocean fisheries, and a favorable terrestrial
and marine climate. All three spring-run Chinook populations in the Sacramento River
tributaries have long-and short-term lambdas >1, indicating population growth.
However, population sizes are relatively small compared to fall-run Chinook salmon
populations, and there have been some extreme fluctuations in population size, which is
often indicative of an impending collapse in small populations. Additionally, Feather
River hatchery and Feather River spring-run Chinook salmon are not closely related to
the Mill, Deer, and Butte creek spring-run Chinook salmon populations. This group
represents a distinct genetic legacy. Although protective measures and critical habitat
restoration likely have contributed to recent increases in spring-run Chinook salmon
abundance, the ESU is still below levels observed from the 1960s through 1990. Threats
from hatchery production (i.e., competition for food between naturally spawned and
hatchery fish, and run hybridization and homogenization), climatic variation, reduced
stream flow, high water temperatures, predation, and large scale unscreened water

diversions persist.
Critical Habitat

Critical habitat was designated for this species on September 2, 2005 (70 FR 52630).

The critical habitat designation for this ESU identifies PCEs that include sites necessary
to support one or more Chinook salmon life stages. Specific sites include freshwater
spawning sites, freshwater rearing sites, freshwater migration corridors, nearshore marine
habitat, and estuarine areas. The physical or biological features that characterize these
sites include water quality and quantity, natural cover, forage, adequate passage
conditions, and floodplain connectivity. Factors contributing to the downward trends in
this ESU include: loss of most historical spawning habitat, reduced access to
spawning/rearing habitat behind impassable dams, climatic variation, water management
activities, hybridization with fall-run Chinook salmon, predation, and harvest. Additional
factors include the degradation and modification of remaining rearing and migration
habitats in the natal stream, the Sacramento River, and the Sacramento delta. The natal

tributaries have many small hydropower dams and water diversions that in some years
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have greatly reduced or eliminated in-stream flows during spring-run migration periods.
Problems in the migration corridor include unscreened or inadequately screened water
diversions, predation by nonnative species, and excessively high water temperatures.
Collectively, these factors have impacted spring-run Chinook salmon critical habitat and
population numbers (CDFG 1998). Several actions have been taken to improve and
increase the PCEs of critical habitat for spring-run Chinook salmon, including improved
management of CV water (e.g., through use of CALFED EWA and CV Project
Improvement Act (b)(2) water accounts), implementing new and improved screen and
ladder designs at major water diversions along the mainstem Sacramento River and
tributaries, removal of several small dams on important spring-run Chinook salmon
spawning streams, and changes in ocean and inland fishing regulations to minimize

harvest.

Lower Columbia River Chinook Salmon

Distribution

Lower Columbia River (LCR) Chinook salmon includes all naturally-spawned
populations of Chinook salmon from the Columbia River and its tributaries from its
mouth at the Pacific Ocean upstream to a transitional point between Oregon and
Washington, east of the Hood River and the White Salmon River (Figure 7). Naturally
spawned populations also occur along the Willamette River to Willamette Falls, Oregon,
exclusive of spring-run Chinook salmon in the Clackamas River (Table 5). The Cowlitz,
Kalama, Lewis, White Salmon, and Klickitat Rivers are the major river systems on the
Washington side, and the lower Willamette and Sandy Rivers are foremost on the Oregon
side. The eastern boundary for this species occurs at Celilo Falls, which corresponds to
the edge of the drier Columbia Basin Ecosystem. Historically, Celilo Falls may have
been a barrier to salmon migration at certain times of the year. Table 8 identifies

populations within the LCR Chinook salmon ESU, their abundances, and hatchery input
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Table 8. LCR Chinook salmon - preliminary population structure, abundances, and
hatchery contributions (Good, Waples et al. 2005).

_ Historical Most Recent Hatchery
Population Abundance Spawner Abundance
Abundance Contributions
Youngs Bay Unknown Unknown Unknown
Grays River 2,477 99 38%
Big Creek Unknown Unknown Unknown
Elochoman River Unknown 676 68%
Clatskanie River Unknown Unknown Unknown
Mill, Abernathy, and German Creeks Unknown 734 47%
Scappoose Creek Unknown Unknown Unknown
Coweeman River Unknown 274 0%
Lower Cowlitz River 4,971 1,562 62%
Upper Cowlitz River (fall run) Unknown 5,682 Unknown
Toutle River (fall run) 53,956 Unknown Unknown
Kalama River (fall run) 25,392 2,931 67%
Salmon Creek and Lewis River 47,591 256 0%
Clackamas River Unknown 40 Unknown
Washougal River 7,518 3,254 58%
Sandy River (fall run) Unknown 183 Unknown
Columbia Gorge-lower tributaries Unknown Unknown Unknown
Columbia Gorge-upper tributaries Unknown Unknown Unknown
Hood River (fall run) Unknown 18 Unknown
Big White Salmon River Unknown 334 21%
Sandy River (late fall run) Unknown 504 3%
Lewis River-North Fork Unknown 7,841 13%
Upper Cowlitz River (spring run) Unknown Unknown Unknown
Cispus River Unknown 1,787 Unknown
Tilton River Unknown Unknown Unknown
Toutle River (spring run) 2,901 Unknown Unknown
Kalama River (spring run) 4,178 98 Unknown
Lewis River Unknown 347 Unknown
Sandy River (spring run) Unknown Unknown Unknown
Big White Salmon River (spring run) Unknown Unknown Unknown
Hood River (spring run) Unknown 51 Unknown
Total 148,984 (min) 26,273 (min)
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Figure 9. LCR Chinook salmon distribution. Land Cover Class Legend in Figure 7.
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Life History

LCR Chinook salmon display three life history types including early fall runs, late fall
runs, and spring-runs. Spring and fall runs have been designated as part of a LCR
Chinook salmon ESU. The predominant life history type for this species is the fall-run.
Fall Chinook salmon enter freshwater typically in August through October to spawn in
large river mainstems. The juvenile life history stage emigrates from freshwater as sub-
yearling (ocean-type). Spring Chinook salmon enter freshwater in March through June to
spawn in upstream tributaries and generally emigrate from freshwater as yearlings

(stream-type).
Status and Trends

LCR Chinook salmon were originally listed as threatened on March 24, 1999 (64 FR
14308). This status was reaffirmed on June 28, 2005 (70 FR 37160). Historical records
of Chinook salmon abundance are sparse. However, cannery records suggest a peak run
of 4.6 million fish [43 million Ibs see (Lichatowich 1999)] in 1883. Although fall-run
Chinook salmon occur throughout much of their historical range, they remain vulnerable
to large-scale hatchery production, relatively high harvest, and extensive habitat
degradation. The Lewis River late fall Chinook salmon population is the healthiest and
has a reasonable probability of being self-sustaining. Abundances largely declined
during 1998 to 2000. Trend indicators for most populations are negative, especially if
hatchery fish are assumed to have a reproductive success equivalent to that of natural-

origin fish.

New data acquired for the Good et al. (2005) report includes spawner abundance
estimates through 2001, new estimates of the fraction of hatchery spawners, and harvest
estimates. In addition, estimates of historical abundance have been provided by the
Washington Department of Fish and Wildlife (WDFW). The Willamette/Lower
Columbia River Technical Review Team (W/LCRTRT) has estimated that 8-10 historic
populations have been extirpated, most of them spring-run populations. Almost all of the

spring-run Chinook of LCR Chinook are at very high risk of extinction. Near loss of that
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important life history type remains an important concern. Although some natural
production currently occurs in 20 or so populations, only one exceeds 1,000 spawners.
Most LCR Chinook salmon populations have not seen increases in recent years as

pronounced as those that have occurred in many other geographic areas.

According to Good et al. (2005), the majority of populations for which data are available
have a long-term trend of <1; indicating the population is in decline. Currently, the
spatial structures of populations in the Coastal and Cascade Fall Run major population
groups (MPGs) are similar to their respective historical conditions. The genetic diversity
of the Coastal, Cascade, and Gorge Fall Run MPGs (i.e., all except the Late Fall Run
Chinook salmon MPG) has been eroded by large hatchery influences and periodically by
low effective population sizes. Hatchery programs for spring Chinook salmon are
preserving the genetic legacy from populations that were extirpated from blocked areas.
High hatchery production also poses genetic and ecological risks to natural populations

and masks their performance.
Critical Habitat

Critical habitat was designated for this species on September 2, 2005 (70 FR 52630).
Designated critical habitat includes all Columbia River estuarine areas and river reaches
proceeding upstream to the confluence with the Hood Rivers as well as specific stream
reaches in a number of tributary subbasins. The critical habitat designation for this ESU
identifies PCEs that include sites necessary to support one or more Chinook salmon life
stages. Specific sites include freshwater spawning sites, freshwater rearing sites,
freshwater migration corridors, nearshore marine habitat, and estuarine areas. The
physical or biological features that characterize these sites include water quality and

quantity, natural cover, forage, adequate passage conditions, and floodplain connectivity.

Of 52 subbasins reviewed in NMFS’ assessment of critical habitat for the LCR Chinook
salmon ESU, 13 subbasins were rated as having a medium conservation value, four were
rated as low, and the remaining subbasins (35), were rated as having a high conservation

value to LCR Chinook salmon. Factors contributing to the downward trends in this ESU
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are hydromorphological changes resulting from hydropower development, loss of tidal
marsh and swamp habitat, and degraded freshwater and marine habitat from industrial
harbor and port development, and urban development. Limiting factors identified for this
species include: (1) Habitat degradation and loss due to extensive hydropower
development projects, urbanization, logging, and agriculture on Chinook spawning and
rearing habitat in the LCR, (2) reduced access to spawning/rearing habitat in tributaries,
(3) hatchery impacts, (4) loss of habitat diversity and channel stability in tributaries, (5)
excessive fine sediment in spawning gravels, (6) elevated water temperature in

tributaries, (7) harvest impacts, and (8) poor water quality.

Upper Columbia River Spring-run Chinook Salmon

Distribution

Endangered Upper Columbia River (UCR) spring-run Chinook salmon includes stream-
type Chinook salmon that inhabit tributaries upstream from the Yakima River to Chief
Joseph Dam (Figure 10). The UCR spring-run Chinook salmon is composed of three
major population groups (MPGs): the Wenatchee River population, the Entiat River
population, and the Methow River population. These same populations currently spawn
in only three river basins above Rock Island Dam: the Wenatchee, Entiat, and Methow
Rivers. Several hatchery populations are also listed including those from the Chiwawa,
Methow, Twisp, Chewuch, and White rivers, and Nason Creek (Table 9). Table 9
identifies populations within the UCR Chinook salmon ESU, their abundances, and
hatchery input.
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Table 9. UCR Chinook salmon - preliminary population structure, abundances, and
hatchery contributions (Good, Waples et al. 2005).

_ Historical Most Recent Hatchery
Population Abundance Spawner Abundance
Abundance Contributions
Methow River ~2,100 79-9,904 59%
Twisp River Unknown 10-369 54%
Chewuch River Unknown 6-1,105 41%
Lost/Early River Unknown 3-164 54%
Entiat River ~380 53-444 42%
Wenatchee River ~2,400 119-4,446 42%
Chiwawa River Unknown 34-1,046 47%
Nason Creek Unknown 8-374 39%
Upper Wenatchee River Unknown 0-215 66%
White River Unknown 1-104 8%
Little Wenatchee River Unknown 3-74 21%
Total ~4,880 (min)
Life History

UCR spring Chinook salmon begin returning from the ocean in the early spring. They

enter the upper Columbia tributaries from April through July, with the run into the

Columbia River peaking in mid-May. After migration, UCR spring Chinook salmon hold

in freshwater tributaries until spawning occurs in the late summer, peaking in mid- to late

August. Juvenile spring Chinook salmon spend a year in freshwater before emigrating to

salt water in the spring of their second year.

Status and Trends

UCR spring-run Chinook salmon were listed as endangered on March 24, 1999 (64 FR

14308). This listing was reaffirmed on June 28, 2005 (70 FR 37160) based on a

reduction of UCR spring-run Chinook salmon to small populations in three watersheds.

Based on redd count data series, spawning escapements for the Wenatchee, Entiat, and

Methow rivers have declined an average of 5.6%, 4.8%, and 6.3% per year, respectively,

since 1958.
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Figure 10. UCR Spring-run Chinook salmon distribution. Land Cover Class Legend in Figure 7.
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In the most recent five-year geometric mean (1997 to 2001), spawning escapements were
273 for the Wenatchee population, 65 for the Entiat population, and 282 for the Methow
population. These numbers represent only 8% to 15% of the minimum abundance
thresholds. However, escapement increased substantially in 2000 and 2001 in all three
river systems. Based on 1980-2004 returns, the average annual population growth rate,
lambda, for this ESU is estimated at 0.93 (meaning the population is not replacing itself)
(Fisher and Hinrichsen 2006). Assuming that population growth rates were to continue at
1980-2004 levels, UCR spring-run Chinook salmon populations are projected to have
very high probabilities of decline within 50 years. Population viability analyses for this
species suggest that these Chinook salmon face a significant risk of extinction: a 75 to
100% probability of extinction within 100 years (given return rates for 1980 to present).
Finally, the Interior Columbia Basin Technical Recovery Team (ICBTRT) characterizes
the diversity risk to all UCR spring Chinook populations as “high”. The high risk is a
result of reduced genetic diversity from homogenization of populations that occurred
under the Grand Coulee Fish Maintenance Project in 1939-1943. Straying hatchery fish,
and a low proportion of natural-origin fish in some broodstocks and a high proportion of
hatchery fish on the spawning grounds have also contributed to the high genetic diversity

risk.
Critical Habitat

Critical habitat was designated for this species on September 2, 2005 (70 FR 52630).
Designated critical habitat includes all Columbia River estuarine areas and river reaches
proceeding upstream to Chief Joseph Dam and several tributary subbasins. The critical
habitat designation for this ESU also identifies PCEs that include sites necessary to
support one or more Chinook salmon life stages. Specific sites include freshwater
spawning sites, freshwater rearing sites, freshwater migration corridors, nearshore marine
habitat, and estuarine areas. The physical or biological features that characterize these
sites include water quality and quantity, natural cover, forage, adequate passage
conditions, and floodplain connectivity. The UCR spring-run Chinook salmon ESU has

31 watersheds within its range. Five watersheds received a medium rating and 26
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received a high rating of conservation value to the ESU. The Columbia River
rearing/migration corridor downstream of the spawning range was rated as a high
conservation value. Factors contributing to the downward trends in this ESU include:

(1) Mainstem Columbia River hydropower system mortality, (2) tributary riparian
degradation and loss of in-river wood, (3) altered tributary floodplain and channel
morphology, (4) reduced tributary stream flow and impaired passage, (5) harvest impacts,

and (6) degraded water quality.

Puget Sound Chinook Salmon

Distribution

The boundaries of the Puget Sound ESU correspond generally with the boundaries of the
Puget Lowland Ecoregion (Figure 11). The Puget Lowland Ecoregion begins in
Washington at approximately the Dungeness River near the eastern end of the Strait of
Juan de Fuca and extends through Puget Sound to the British Columbia border and up to
the Cascade foothills. The Puget Sound ESU includes all runs of Chinook salmon in the
Puget Sound region from the North Fork Nooksack River to the Elwha River on the
Olympic Peninsula. This ESU is comprised of 31 historical populations. Of these, 22
populations are believed to be extant. Thirty-six hatchery populations were included as
part of the ESU and five were considered essential for recovery and listed. They include
spring Chinook salmon from Kendall Creek, the North Fork Stillaguamish River, White
River, and Dungeness River, and fall run fish from the Elwha River (Table 10). Table 10
identifies populations within the Puget Sound Chinook salmon ESU, their abundances,

and hatchery input.
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Figure 11. Puget Sound Chinook distribution. Land Cover Class Legend in Figure 7..



Table 10. Puget Sound Chinook salmon - preliminary population structure, abundances,

and hatchery contributions (Good, Waples et al. 2005).

. Historical Most Recent Hatchery
Population Abundance Spawner Abundance
Abundance Contributions
Nooksack-North Fork 26,000 1,538 91%
Nooksack-South Fork 13,000 338 40%
Lower Skagit 22,000 2,527 0.2%
Upper Skagit 35,000 9,489 2%
Upper Cascade 1,700 274 0.3%
Lower Sauk 7,800 601 0%
Upper Sauk 4,200 324 0%
Suiattle 830 365 0%
Stillaguamish-North Fork 24,000 1,154 40%
Stillaguamish-South Fork 20,000 270 Unknown
Skykomish 51,000 4,262 40%
Snoqualmie 33,000 2,067 16%
North Lake Washington Unknown 331 Unknown
Cedar Unknown 327 Unknown
Green Unknown 8,884 83%
White Unknown 844 Unknown
Puyallup 33,000 1,653 Unknown
Nisqually 18,000 1,195 Unknown
Skokomish Unknown 1,392 Unknown
Dosewallips 4,700 48 Unknown
Duckabush Unknown 43 Unknown
Hamma Hamma Unknown 196 Unknown
Mid Hood Canal Unknown 311 Unknown
Dungeness 8,100 222 Unknown
Elwha Unknown 688 Unknown
Total ~690,000 39,343
Life History

Chinook salmon in this area generally have an “ocean-type” life history. Puget Sound

populations exhibit both the early-returning and late-returning Chinook salmon spawners

described by Healey (1997). However, within these two generalized behavioral forms,

substantial variation occurs in juvenile behavior and residence time in fresh water and

estuarine environments. Hayman et al. (1996) described three juvenile life histories for

Chinook salmon with varying freshwater and estuarine residency times in the Skagit

River system in northern Puget Sound. Chinook salmon use the nearshore area of Puget

Sound during all seasons of the year and can be found long distances from their natal

river systems (Brennan, Higgins et al. 2004).
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Status and Trends

Puget Sound Chinook salmon were listed as threatened in 1999 (64 FR 14308). This
status was re-affirmed on June 28, 2005 (70 FR 37160). This ESU has lost 15 spawning
aggregations that were either demographically independent historical populations or
major components of the life history diversity of the remaining 22 existing independent
historical populations identified (Good, Waples et al. 2005). Nine of the 15 extinct
spawning aggregations were early-run type Chinook salmon (Good, Waples et al. 2005).
The disproportionate loss of early-run life history diversity represents a significant loss of

the evolutionary legacy of the historical ESU.

The estimated total run size of Chinook salmon in Puget Sound in the early 1990s was
240,000 fish, representing a loss of nearly 450,000 fish from historic numbers. During a
recent five-year period, the geometric mean of natural spawners in populations of Puget
Sound Chinook salmon ranged from 222 to just over 9,489 fish. Most populations had
natural spawners numbering in the hundreds (median recent natural escapement is 766).
Of the six populations with greater than 1,000 natural spawners, only two have a low
fraction of hatchery fish. Estimates of the historical equilibrium abundance, based on
pre-European settlement habitat conditions, range from 1,700 to 51,000 potential Puget
Sound Chinook salmon spawners per population. The historical estimates of spawner
capacity are several orders of magnitude higher than spawner abundances currently

observed throughout the ESU (Good, Waples et al. 2005).

Long-term trends in abundance and median population growth rates for naturally
spawning populations of Puget Sound Chinook salmon indicate that approximately half
of the populations are declining and the other half are increasing in abundance over the
length of available time series. Eight of 22 populations are declining over the short-term,
compared to 11 or 12 populations that have long-term declines (Good, Waples et al.
2005). Widespread declines and extirpations of spring- and summer-run Puget Sound
Chinook salmon populations represent a significant reduction in the life history diversity
of this ESU (Meyers, Kope et al. 1998). The median overall populations of long-term

trend in abundance is 1, indicating that most populations are just replacing themselves.
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Populations with the greatest long-term population growth rate are the North Fork

Nooksack and White rivers.

Regarding spatial structure, the populations (22) presumed to be extinct are mostly early
returning fish. Most of these are in the mid- to southern Puget Sound or Hood Canal and
the Strait of Juan de Fuca. The ESU populations with the greatest estimated fractions of
hatchery fish tend to be in the mid-to southern Puget Sound, Hood Canal, and the Strait
of Juan de Fuca. Finally, all but one of the nine extinct Chinook salmon stocks is an

early run population (or component of a population).
Critical Habitat

Critical habitat was designated for this species on September 2, 2005 (70 FR 52630).

The critical habitat designation for this ESU identifies PCEs that include sites necessary
to support one or more Chinook salmon life stages. Specific sites include freshwater
spawning sites, freshwater rearing sites, freshwater migration corridors, nearshore marine
habitat, and estuarine areas. The physical or biological features that characterize these
sites include water quality and quantity, natural cover, forage, adequate passage

conditions, and floodplain connectivity.

Of 49 subbasins (5th field Hydrological Units) reviewed in NMFS’ assessment of critical
habitat for the Puget Sound ESUs, nine subbasins were rated as having a medium
conservation value, 12 were rated as low, and the remaining subbasins (40), where the
bulk of Federal lands occur in this ESU, were rated as having a high conservation value
to Puget Sound Chinook salmon. Factors contributing to the downward trends in this
ESU are hydromorphological changes (such as diking, revetments, loss of secondary
channels in floodplains, widespread blockages of streams, and changes in peak flows),
degraded freshwater and marine habitat affected by agricultural activities and
urbanization, and upper river tributaries widely affected by poor forest practices, and
lower tributaries. Hydroelectric development and flood control also impact Puget Sound

Chinook salmon in several basins. Changes in habitat quantity, availability, diversity,
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flow, temperature, sediment load, water quality, and channel stability are common

limiting factors in areas of critical habitat.

Sacramento River Winter-Run Chinook Salmon

Distribution

Sacramento River winter-run Chinook salmon consists of a single spawning population
that enters the Sacramento River and its tributaries in California from November to June
and spawns from late April to mid-August, with a peak from May to June (Figure 12).
Sacramento River winter Chinook salmon historically occupied cold, headwater streams,

such as the upper reaches of the Little Sacramento, McCloud, and lower Pit Rivers.
Life History

Winter-run fish spawn mainly in May and June in the upper mainstem of the Sacramento
River. Winter-run fish have characteristics of both stream- and ocean-type races. They
enter the river and migrate far upstream. Spawning is delayed for some time after river
entry. Young winter-run Chinook salmon, however migrate to sea in November and

December, after only four to seven months of river life (Burgner 1991).
Status and Trends

Sacramento River winter-run Chinook salmon were listed as endangered on January 4,
1994 (59 FR 440), and were reaffirmed as endangered on June 28, 2005 (70 FR 37160).
This was based on restricted access from dams to a small fraction of salmon historic
spawning habitat and the degraded conditions of remaining habitat. Sacramento River
winter-run Chinook salmon consist of a single self-sustaining population which is
entirely dependent upon the provision of suitably cool water from Shasta Reservoir

during periods of spawning, incubation, and rearing.

Construction of Shasta Dams in the 1940s eliminated access to historic spawning habitat
for winter-run Chinook salmon in the basin. Winter-run Chinook salmon were not
expected to survive this habitat alteration (Moffett 1949). However, cold water releases

from Shasta Dam have created conditions suitable for winter Chinook salmon for roughly
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60 miles downstream from the dam. As a result the ESU has been reduced to a single
spawning population confined to the mainstem Sacramento River below Keswick Dam.
Some adult winter-run Chinook salmon were recently observed in Battle Creek, a

tributary to the upper Sacramento River.

Quantitative estimates of run-size are not available for the period before 1996, the
completion of Red Bluff Diversion Dam. However, winter-runs may have been as large
as 200,000 fish based upon commercial fishery records from the 1870s (Brown, Moyle et
al. 1994).

The CDFG estimated spawning escapement of Sacramento River winter-run Chinook
salmon at 61,300 (60,000 mainstem, 1,000 Battle Creek, and 300 in Mill Creek) in the
early 1960s. During the first three years of operation of the county facility at the Red
Bluff Diversion Dam (1967 to 1969), the spawning run of winter-run Chinook salmon
averaged 86,500 fish. From 1967 through the mid-1990s, the population declined at an
average rate of 18% per year, or roughly 50% per generation. The population reached
critically low levels during the drought of 1987 to 1992. The three-year average run size
for the period of 1989 to 1991 was 388 fish.

Based on the Red Bluff Diversion Dam counts, the population has been growing rapidly
since the 1990s. Mean run size from 1995-2000 has been 2,191, but have ranged from
364 to 65,683 (Good, Waples et al. 2005). Most recent estimates indicate that the short-

term trend is 0.26, and the population growth rate is less than one.
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Critical Habitat

Critical habitat was designated for this species on June 16, 1993 (58 FR 33212). The
following areas consist of the water, waterway bottom, and adjacent riparian zones: the
Sacramento River from Keswick Dam, Shasta County (river mile 302) to Chipps Island
(river mile 0) at the westward margin of the Sacramento-San Joaquin Delta, and other
specified estuarine waters. Factors contributing to the downward trends in this ESU
include: (1) Reduced access to spawning/rearing habitat, (2) possible loss of genetic
integrity through population bottlenecks, (3) inadequately screened diversions, (4)
predation at artificial structures and by nonnative species, (5) pollution from Iron
Mountain Mine and other sources, (6) adverse flow conditions, (7) high summer water
temperatures, (8) degraded water quality, (9) unsustainable harvest rates, (10) passage
problems at various structures, and (11) vulnerability to drought (Good, Waples et al.

2005).

Snake River Fall-Run Chinook Salmon

Distribution

Historically, the primary fall-run Chinook salmon spawning areas occurred on the upper
mainstem Snake River (SR) (Connor, Sneva et al. 2005). A series of SR mainstem dams
blocks access to the upper SR, which significantly reduced spawning and rearing habitat

for SR fall-run Chinook salmon (Figure 13).

The present range of spawning and rearing habitat for naturally-spawned SR fall-run
Chinook salmon is limited to the SR below Hells Canyon Dam and the lower reaches of
the Clearwater River. SR fall-run Chinook salmon spawn above Lower Granite Dam in

the mainstem SR and in the lower reaches of the larger tributaries.

As a consequence of lost access to historic spawning and rearing sites in the Upper SR,

fall-run Chinook salmon now reside in waters that are generally cooler than the majority
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of historic spawning areas. Additionally, alteration of the Lower SR by hydroelectric

dams has created a series of low-velocity pools in the SR that did not exist historically.
Life History

Prior to alteration of the SR basin by dams, fall Chinook salmon exhibited a largely
ocean-type life history, where they migrated downstream and reared in the mainstem SR
during their first year. Today, fall Chinook salmon in the SR Basin exhibit one of two
life histories: ocean-type and reservoir-type (Connor, Sneva et al. 2005). The reservoir-
type life history is one where juveniles overwinter in the pools created by the dams, prior
to migrating out of the SR. The reservoir-type life history is likely a response to early
development in cooler temperatures which prevents juveniles from reaching suitable size

to migrate out of the SR.

Adult SR fall-run Chinook salmon enter the Columbia River in July and August.
Spawning occurs from October through November. Juveniles emerge from gravels in
March and April of the following year, moving downstream from natal spawning and

early rearing areas from June through early fall.
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Status and Trends

SR fall-run Chinook salmon were originally listed as threatened in 1992 (57 FR 14653).
Their classification was reaffirmed following a status review on June 28, 2005 (70 FR
37160). Estimated annual returns for the period 1938 to 1949 was 72,000 fish. By the
1950s, numbers had declined to an annual average of 29,000 fish (Bjornn and Horner
1980). Numbers of SR fall-run Chinook salmon continued to decline during the 1960s
and 1970s as approximately 80% of their historic habitat was eliminated or severely
degraded by the construction of the Hells Canyon complex (1958 to 1967) and the lower
SR dams (1961 to 1975). Counts of natural-origin adult SR fall-run Chinook salmon at
Lower Granite Dam were 1,000 fish in 1975, and ranged from 78 to 905 fish (with an
average of 489 fish) over the ensuing 25-year period (Good, Waples et al. 2005).
Numbers of natural-origin SR fall-run Chinook salmon have increased over the last few
years, with estimates at Lower Granite Dam of 2,652 fish in 2001, 2,095 fish in 2002, and
3,895 fish in 2003.

SR fall-run Chinook salmon have exhibited an upward trend in returns over Lower
Granite Dam since the mid-1990s. Returns classified as natural-origin exceeded 2,600
fish in 2001, compared to a 1997-2001 geometric mean natural-origin count of 871.
Long- and short-term trends in natural returns are positive. Harvest impacts on SR fall-
run Chinook salmon declined after listing and have remained relatively constant in recent
years. There have been major reductions in fisheries impacting this stock. Mainstem
conditions for subyearling Chinook salmon migrants from the SR have generally
improved since the early 1990s. The hatchery component, derived from outside the
basin, has decreased as a percentage of the run at Lower Granite Dam from the 1998/99
status reviews (five year average of 26.2%) to 2001 (8%). This reflects an increase in the
Lyons Ferry component, systematic removal of marked hatchery fish at the Lower
Granite trap, and modifications to the Umatilla supplementation program to increase

homing of fall Chinook release groups.
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Overall abundance for SR fall-run Chinook salmon is relatively low, but has been
increasing in the last decade (Good, Waples et al. 2005). The 1997 to 2001 geometric
mean natural-origin count over Lower Granite Dam approximate 35% of the proposed
delisting abundance criteria of 2,500 natural spawners averaged over 8 years. The recent
abundance is approaching the delisting criteria. However, hatchery fish are faring better

than wild fish.

Regarding productivity [population growth rate (lambda)], the long-term trend in total
returns is >1; indicating the population size is growing. Although total abundance has
dropped sharply in the past two years, it still remains at levels higher than previous
decades. Productivity is likely sustained largely by a system of small artificial rearing
facilities in the Lower SR Basin. The growth trend for natural-origin fish is close to 1,
and could either be higher or lower, depending on the number of hatchery fish that spawn

naturally.

The historic spatial structure has been reduced to one single remnant population. The
ESU occupies a relatively small amount of marginal habitat, with the vast majority of
historic habitat inaccessible. Genetic diversity is likely reduced from historic levels.
Hatcheries affect ESU genetics due to three major components: natural-origin fish
(which may be progeny of hatchery fish), returns of SR fall-run fish from the Lyons Ferry
Hatchery program, and strays from hatchery programs outside the SR. Nevertheless, the
SR fall-run Chinook salmon remains genetically distinct from similar fish in other basins.
Phenotypic characteristics have shifted in apparent response to environmental changes

from hydroelectric dams (Connor, Sneva et al. 2005).

The ICBTRT has defined only one extant population for the SR fall-run Chinook salmon,
the lower SR mainstem population. This population occupies the SR from its confluence
with the Columbia River to Hells Canyon Dam, and the lower reaches of the Clearwater,

Imnaha, Grande Rhonde, Salmon, and Tucannonh Rivers (ICBTRT 2003).
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Critical Habitat

Critical habitat for these salmon was designated on December 28, 1993 (58 FR 68543).
This critical habitat encompasses the waters, waterway bottoms, and adjacent riparian
zones of specified lakes and river reaches in the Columbia River that are or were
accessible to listed SR fall-run salmon (except reaches above impassable natural falls,
and Dworshak and Hells Canyon Dams). Adjacent riparian zones are defined as those
areas within a horizontal distance of 300 ft from the normal line of high water of a stream
channel or from the shoreline of a standing body of water. Designated critical habitat
includes the Columbia River from a straight line connecting the west end of the Clatsop
jetty (Oregon side) and the west end of the Peacock jetty (Washington side), all river
reaches from the estuary upstream to the confluence of the SR, and all SR reaches
upstream to Hells Canyon Dam. Critical habitat also includes several river reaches
presently or historically accessible to SR fall-run Chinook salmon. Limiting factors
identified for SR fall-run Chinook salmon include: (1) Mainstem lower Snake and
Columbia hydrosystem mortality, (2) degraded water quality, (3) reduced spawning and
rearing habitat due to mainstem lower SR hydropower system, (4) harvest impacts, (5)
impaired stream flows, barriers to fish passage in tributaries, excessive sediment, and (6)
altered floodplain and channel morphology (NMFS 2005). The above activities and
features also introduce sediment, nutrients, biocides, metals, and other pollutants into
surface and ground water and degrade water quality in the freshwater, estuarine, and

coastal ecosystems throughout the Pacific Northwest.

Snake River Spring/Summer-Run Chinook Salmon

Distribution

SR spring/summer-run Chinook salmon are primarily limited to the Salmon, Grande
Ronde, Imnaha, and Tucannon Rivers in the SR basin (Figure 14). The SR basin drains
portions of southeastern Washington, northeastern Oregon, and north/central Idaho.
Environmental conditions are generally drier and warmer in these areas than in areas
occupied by other Chinook salmon species. The ICBTRT has identified 32 populations
in five MPGs (Upper Salmon River, South Fork Salmon River, Middle Fork , Salmon
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River, Grande Ronde/Imnaha, Lower Snake Mainstem Tributaries) for this species.
Historic populations above Hells Canyon Dam are considered extinct (ICBTRT 2003).
This ESU includes production areas that are characterized by spring-timed returns,
summer-timed returns, and combinations from the two adult timing patterns.
Historically, the Salmon River system may have supported more than 40% of the total

run of spring and summer Chinook salmon to the Columbia system (Fulton 1968).

Some or all of the fish returning to several of the hatchery programs are also listed,
including those returning to the Tucannon River, Imnaha River, and Grande Ronde River
hatcheries, and to the Sawtooth, Pahsimeroi, and McCall hatcheries on the Salmon River.
The Salmon River system contains a range of habitats used by spring/summer Chinook.
The South Fork and Middle Fork Salmon Rivers currently support the bulk of natural
production in the drainage. Returns into the upper Salmon River tributaries have
reestablished following the opening of passage around Sunbeam Dam on the mainstem
Salmon River downstream of Stanley, Idaho. The dam was impassable to anadromous
fish from 1910 until the 1930s. Table 11 identifies populations within the SR

spring/summer Chinook salmon ESU, their abundances, and hatchery input.
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Table 11. SR Spring/Summer Chinook salmon populations, abundances, and hatchery

contributions (Good, Waples et al. 2005). Note: rpm denotes redds per mile.

_ Historical Most Recent Hatchery
Current Populations Abundance Spawner Abundance
Abundance Contributions
Tucannon River Unknown 128-1,012 76%
Wenaha River Unknown 67-586 64%
Wallowa River Unknown 0-29 redds 5%
Lostine River Unknown 9-131 redds 5%
Minam River Unknown 96-573 5%
Catherine Creek Unknown 13-262 56%
Upper Grande Ronde River Unknown 3-336 58%
South Fork Salmon River Unknown 277-679 redds 9%
Secesh River Unknown 38-444 redds 4%
Johnson Creek Unknown 49-444 redds 0%
Big Creek spring run Unknown 21-296 0%
Big Creek summer run Unknown 2-58 redds Unknown
Loon Creek Unknown 6-255 redds 0%
Marsh Creek Unknown 0-164 0%
Bear Valley/EIk Creek Unknown 72-712 0%
North Fork Salmon River Unknown 2-19 redds Unknown
Lemhi River Unknown 35-216 redds 0%
Pahsimeroi River Unknown 72-1,097 Unknown
East Fork Salmon spring run Unknown 0.27 rpm Unknown
East Fork Salmon summer run Unknown 1.22 rpm 0%
Yankee Fork spring run Unknown 0 Unknown
Yankee Fork summer run Unknown 1-18 redds 0%
Valley Creek spring run Unknown 2-28 redds 0%
Valley Creek summer run Unknown 2.14 rpm Unknown
Upper Salmon spring run Unknown 25-357 redds Unknown
Upper Salmon summer run Unknown 0.24 rpm Unknown
Alturas Lake Creek Unknown 0-18 redds Unknown
Imnaha River Unknown 194-3,041 redds 62%
Big Sheep Creek Unknown 0.25 redds 97%
Lick Creek Unknown 0-29 redds 59%
Total ~1.5 million ~9,700
Life History

SR spring/summer-run Chinook salmon exhibit a stream-type life history. Eggs are

deposited in late summer and early fall, incubate over the following winter, and hatch in

late winter and early spring of the following year. Juvenile fish mature in fresh water for

one year before they migrate to the ocean in the spring of their second year of life.

Depending on the tributary and the specific habitat conditions, juveniles may migrate

extensively from natal reaches into alternative summer-rearing or overwintering areas.

SR spring/summer-run Chinook salmon return from the ocean to spawn primarily as four
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and five-year old fish, after two to three years in the ocean. A small fraction of the fish

return as three year-old “jacks”, heavily predominated by males.
Status and Trends

SR spring/summer-run Chinook salmon were originally listed as threatened on April 22,
1992 (57 FR 14653). Their classification was reaffirmed following a review on June 28,
2005 (70 FR 37160). Although direct estimates of historical annual SR spring/summer
Chinook salmon returns are not available, returns may have declined by as much as 97%
between the late 1800s and 2000. According to Matthews and Waples (1997), total
annual SR spring/summer Chinook salmon production may have exceeded 1.5 million
adult fish in the late 1800s. Total (natural plus hatchery origin) returns fell to roughly
100,000 spawners by the late 1960s (Fulton 1968) and were below 10,000 by 1980.
Between 1981 and 2000, total returns fluctuated between extremes of 1,800 and 44,000
fish. The 2001 and 2002 total returns increased to over 185,000 and 97,184 adults,
respectively. The 1997 to 2001 geometric mean total return for the summer run
component at Lower Granite Dam was slightly more than 6,000 fish, compared to the
geometric mean of 3,076 fish for the years 1987 to 1996. The 2002 to 2006 geometric
mean of the combined Chinook salmon runs at Lower Granite Dam was over 18,000 fish.
However, over 80% of the 2001 return and over 60% of the 2002 return originated in
hatcheries (Good, Waples et al. 2005). Good et al. (2005) reported that risks to
individual populations within the ESU may be greater than the extinction risk for the
entire ESU due to low levels of annual abundance and the extensive production areas
within the SR basin. Year-to-year abundance has high variability and is most pronounced
in natural-origin fish. Although the average abundance in the most recent decade is more
abundant than the previous decade, there is no obvious long-term trend. Additionally,
hatchery fish are faring better than wild fish, which comprise roughly 40% of the total
returns in the past decade. Overall, most populations are far below their respective

interim recovery targets.

Regarding population growth rate (lambda), long-term trends are <I; indicating the

population size is shrinking. However, recent trends, buoyed by last 5 years, are
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approaching 1. Nevertheless, many spawning aggregates have been extirpated, which has
increased the spatial separation of some populations. Populations are widely distributed
in a diversity of habitats although roughly one-half of historic habitats are inaccessible.
There is no evidence of wide-scale genetic introgression by hatchery populations. The
high variability in life history traits indicates sufficient genetic variability within the DPS
to maintain distinct subpopulations adapted to local environments. Despite the recent
increases in total spring/summer-run Chinook salmon returns to the basin, natural-origin
abundance and productivity remain below their targets. SR spring/summer Chinook

salmon remains likely to become endangered (Good, Waples et al. 2005).
Critical Habitat

Critical habitat for these salmon was designated on October 25, 1999 (64 FR 57399).
This critical habitat encompasses the waters, waterway bottoms, and adjacent riparian
zones of specified lakes and river reaches in the Columbia River that are or were
accessible to listed SR salmon (except reaches above impassable natural falls, and
Dworshak and Hells Canyon Dams). Adjacent riparian zones are defined as those areas
within a horizontal distance of 300 ft from the normal line of high water of a stream
channel or from the shoreline of a standing body of water. Designated critical habitat
includes the Columbia River from a straight line connecting the west end of the Clatsop
jetty (Oregon side) and the west end of the Peacock jetty (Washington side). Critical
habitat also includes all river reaches from the estuary upstream to the confluence of the
SR, and all SR reaches upstream to Hells Canyon Dam; the Palouse River from its
confluence with the SR upstream to Palouse Falls, the Clearwater River from its
confluence with the SR upstream to its confluence with Lolo Creek; the North Fork
Clearwater River from its confluence with the Clearwater river upstream to Dworshak

Dam.

Limiting factors identified for this species include: (1) Hydrosystem mortality, (2)
reduced stream flow, (3) altered channel morphology and floodplain, (4) excessive fine
sediment, and (5) degraded water quality (Myers, Kope et al. 1998). The above activities

and features also introduce sediment, nutrients, biocides, metals, and other pollutants into
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surface and ground water and degrade water quality in the freshwater, estuarine, and

coastal ecosystems throughout the Pacific Northwest.

Upper Willamette River Chinook Salmon

Distribution

Upper Willamette River (UWR) Chinook salmon occupy the Willamette River and
tributaries upstream of Willamette Falls (Figure 15). In the past, this ESU included
sizable numbers of spawning salmon in the Santiam River, the middle fork of the
Willamette River, and the McKenzie River, as well as smaller numbers in the Molalla
River, Calapooia River, and Albiqua Creek. Historically, access above Willamette Falls
was restricted to the spring when flows were high. In autumn, low flows prevented fish
from ascending past the falls. The UWR Chinook salmon are one of the most genetically
distinct Chinook salmon groups in the Columbia River Basin. Fall-run Chinook salmon
spawn in the Upper Willamette but are not considered part of the species because they are
not native. None of the hatchery populations in the Willamette River were listed
although five spring-run hatchery stocks were included in the species’ listing. UWR
Chinook salmon migrate far north and are caught incidentally in ocean fisheries,
particularly off southeast Alaska and northern Canada, and in spring season fisheries in
the mainstem Columbia and Willamette Rivers. Table 12 identifies populations within

the UWR Chinook salmon ESU, their abundances, and hatchery input

Table 12. UWR Chinook salmon populations, abundances, and hatchery contributions

(Good, Waples et al. 2005). Note: rpm denotes redds per mile
. Historical Most Recent Hatchery
Current Populations Abundance Spawner Abundance
Abundance Contributions
Clackamas River Unknown 2,910 64%
Molalla River Unknown 52 redds >93%
North Santiam River Unknown ~7.1rpm >95%
South Santiam River Unknown 982 redds >84%
Calapooia River Unknown 16 redds 100%
McKenzie River Unknown ~2,470 26%
Middle Fork Willamette River Unknown 235 redds >39%
Upper Fork Willamette River Unknown Unknown Unknown
Total >70,000 ~9,700 Mostly hatchery
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Life History

UWR Chinook salmon exhibit an earlier time of entry into the Columbia River and
estuary than other spring Chinook salmon ESUs (Meyers, Kope et al. 1998). Although
juveniles from interior spring Chinook salmon populations reach the mainstem migration
corridor as yearling, some juvenile Chinook salmon in the lower Willamette River are

subyearlings (Friesen, Vile et al. 2004).
Status and Trends

UWR Chinook salmon were listed as threatened on March 24, 1999 (64 FR 14308), and
reaffirmed as threatened on June 28, 2005 (70 FR 37160). The total abundance of adult
spring-run Chinook salmon (hatchery-origin + natural-origin fish) passing Willamette
Falls has remained relatively steady over the past 50 years (ranging from approximately
20,000 to 70,000 fish). However, it is an order of magnitude below the peak abundance
levels observed in the 1920s (approximately 300,000 adults). Until recent years,
interpretation of abundance levels has been confounded by a high but uncertain fraction

of hatchery-produced fish.

Most natural spring Chinook salmon populations is likely extirpated or nearly so. Only
one remaining naturally reproducing population is identified in this ESU: the spring
Chinook salmon in the McKenzie River. Unfortunately, recent short-term declines in
abundance suggest that this population may not be self-sustaining (Meyers, Kope et al.
1998; Good, Waples et al. 2005). Most of the natural-origin populations in this ESU
have very low current abundances (less than a few hundred fish) and many largely have
been replaced by hatchery production. Long- and short-term trends for population
growth rate are approximately 1 or are negative, depending on the metric examined (i.e.,
long-term trend [regression of log-transformed spawner abundance] or lambda [median
population growth rate]). Although the population increased substantially in 2000-2003,
it was probably due to increased survival in the ocean. Future survival rates in the ocean

are unpredictable, and the likelihood of long-term sustainability for this population has
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not been determined. Although the number of adult spring-run Chinook salmon crossing
Willamette Falls is in the same range (about 20,000 to 70,000 adults) it has been for the
last 50 years, a large fraction of these are hatchery produced. Of concern is that a
majority of the spawning habitat and approximately 30 to 40% of total historical habitat

are no longer accessible because of dams (Good, Waples et al. 2005).
Critical Habitat

Critical habitat was designated for this species on September 2, 2005 (70 FR 52630).
Designated critical habitat includes all Columbia River estuarine areas and river reaches
proceeding upstream to the confluence with the Willamette River as well as specific
stream reaches in a number of subbasins. The critical habitat designation for this ESU
also identifies PCEs that include sites necessary to support one or more Chinook salmon
life stages. Specific sites include freshwater spawning and rearing sites, freshwater
migration corridors. The physical or biological features that characterize these sites
include water quality and quantity, natural cover, forage, adequate passage conditions,
and floodplain connectivity. Of 65 subbasins reviewed in NMFS’ assessment of critical
habitat for the UWR Chinook salmon ESU, 19 subbasins were rated as having a medium
conservation value, 19 were rated as low, and the remaining subbasins (27), were rated as
having a high conservation value to UWR Chinook salmon. Federal lands were generally
rated as having high conservation value to the species' spawning and rearing. Factors
contributing to the downward trends in this ESU include: (1) Reduced access to
spawning/rearing habitat in tributaries, (2) hatchery impacts, (3) altered water quality and
temperature in tributaries, (4) altered stream flow in tributaries, and (5) lost/degraded

floodplain connectivity and lowland stream habitat.

Chum Salmon

Description of the Species

Chum salmon has the widest natural geographic and spawning distribution of any Pacific
salmonid because its range extends farther along the shores of the Arctic Ocean than
other salmonids. Chum salmon have been documented to spawn from Korea and the

Japanese island of Honshu, east around the rim of the North Pacific Ocean to Monterey
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Bay, California. Historically, chum salmon were distributed throughout the coastal
regions of western Canada and the U.S. Presently, major spawning populations are found
only as far south as Tillamook Bay on the northern Oregon coast. We discuss the
distribution, life history diversity, status, and critical habitat of the two species of

threatened chum salmon separately.

Chum salmon are semelparous, spawn primarily in freshwater, and exhibit obligatory
anadromy (there are no recorded landlocked or naturalized freshwater populations).
Chum salmon spend two to five years in feeding areas in the northeast Pacific Ocean,
which is a greater proportion of their life history than other Pacific salmonids. Chum
salmon distribute throughout the North Pacific Ocean and Bering Sea. North American
chum salmon (as opposed to chum salmon originating in Asia) rarely occur west of 175°

E longitude.

North American chum salmon migrate north along the coast in a narrow coastal band that
broadens in southeastern Alaska. However, some data suggest that Puget Sound chum,
including Hood Canal summer run chum, may not make extended migrations into
northern British Columbian and Alaskan waters. Instead, they may travel directly

offshore into the north Pacific Ocean.

Chum salmon, like pink salmon, usually spawn in the lower reaches of rivers, with redds
usually dug in the mainstem or in side channels of rivers from just above tidal influence
to nearly 100 km from the sea. Juveniles outmigrate to seawater almost immediately
after emerging from the gravel that covers their redds (Salo 1991). The immature salmon
distribute themselves widely over the North Pacific Ocean. The maturing adults return to
the home streams at various ages, usually at two through five years, and at some cases up
to seven years (Bigler 1985). This ocean-type migratory behavior contrasts with the
stream-type behavior of some other species in the genus Oncorhynchus (e.g., coastal
cutthroat trout, steelhead, coho salmon, and most types of Chinook and sockeye salmon),
which usually migrate to sea at a larger size, after months or years of freshwater rearing.

This means that survival and growth in juvenile chum salmon depend less on freshwater
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conditions (unlike stream-type salmonids which depend heavily on freshwater habitats)
than on favorable estuarine conditions. Another behavioral difference between chum
salmon and species that rear extensively in freshwater is that chum salmon form schools.
Presumably, this behavior reduces predation (Pitcher 1986), especially if fish movements

are synchronized to swamp predators (Miller and Brannon 1982).

The duration of estuarine residence for chum salmon juveniles are known for only a few
estuaries. Observed residence times range from 4 to 32 days; with a period of about 24
days being the most common (Johnson, Grant et al. 1997). Juvenile salmonids rely on a
variety of non-main channel habitats that are critical to rearing. All listed salmonids use
shallow, low flow habitats at some point in their life cycle. Examples of off-channel
habitat include alcoves, channel edge sloughs, overflow channels, backwaters, terrace

tributaries, off-channel dredge ponds, and braids (Anderson 1999; Swift III 1979).

Status and Trends

Chum salmon have been threatened by overharvests in commercial and recreational
fisheries, adult and juvenile mortalities associated with hydropower systems, habitat
degradation from forestry and urban expansion, and shifts in climatic conditions that

changed patterns and intensity of precipitation.

Chum salmon, like the other salmon NMFS has listed, have declined under the combined
effects of overharvests in fisheries; competition from fish raised in hatcheries and native
and non-native exotic species; dams that block their migrations and alter river hydrology;
gravel mining that impedes their migration and alters the dynamics of the rivers and
streams that support juveniles; water diversions that deplete water levels in rivers and
streams; destruction or degradation of riparian habitat that increase water temperatures in
rivers and streams sufficient to reduce the survival of juvenile chum salmon; and land use
practices (logging, agriculture, urbanization) that destroy or alter wetland and riparian
ecosystems. The above activities and features also introduce sediment, nutrients,

biocides, metals, and other pollutants into surface and ground water and degrade water
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quality in the freshwater, estuarine, and coastal ecosystems throughout the Pacific

Northwest.

Columbia River Chum Salmon

Distribution

Columbia River chum salmon includes all natural-origin chum salmon in the Columbia
River and its tributaries in Oregon and Washington. The species consists of three

populations: Grays River, Hardy, and Hamilton Creek in Washington State (Figure 16).

This ESU also includes three artificial hatchery programs. There were 16 historical
populations in three MPGs in Oregon and Washington between the mouth of the
Columbia River and the Cascade crest. Significant spawning now occurs for two of the
historical populations. About 88% of the historical populations are extirpated. Table 10
identifies populations within the Columbia River Chum salmon ESU, their abundances,

and hatchery input.

Table 13. Columbia River Chum salmon populations, abundances, and hatchery
contributions (Good, Waples et al. 2005).

_ Historical Most Recent Hatchery
Current Populations Abundance Spawner Abundance
Abundance Contributions
Youngs Bay Unknown 0 0
Grays River 7,511 331-704 Unknown
Big Creek Unknown 0 0
Elochoman River Unknown 0 0
Clatskanie River Unknown 0 0
Mill, Abernathy, and German Creeks Unknown 0 0
Scappoose Creek Unknown 0 0
Cowlitz River 141,582 0 0
Kalama River 9,953 0 0
Lewis River 89,671 0 0
Salmon Creek Unknown 0 0
Clackamus River Unknown 0 0
Sandy River Unknown 0 0
Washougal River 15,140 0 0
Lower gorge tributaries >3,141 425 0
Upper gorge tributaries >8,912 0 0
Total >283,421 756-1,129
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Life History

Chum salmon return to the Columbia River in late fall (mid-October to December). They
primarily spawn in the lower reaches of rivers, digging redds along the edges of the
mainstem and in tributaries or side channels. Some spawning sites are located in areas
where geothermally-warmed groundwater or mainstem flow upwells through the gravel.
Chum salmon fry emigrate from March through May shortly after emergence in contrast
to other salmonids (e.g., steelhead, coho salmon, and most Chinook salmon), which
usually migrate to sea at a larger size after months or years of freshwater rearing.
Juvenile chum salmon reside in estuaries to feed before beginning a long-distance
oceanic migration. Chum salmon may choose either the upper or lower estuaries
depending on the relative productivity of each. The timing of entry of juvenile chum
salmon into sea water is commonly correlated with the warming of the nearshore waters
and the accompanying plankton blooms (Burgner 1991). The movement offshore
generally coincides with the decline of inshore prey resources and is normally at the time
when the fish has grown to a size that allows them to feed upon neritic organisms and and

avoid predators (Burgner 1991).

Although most juvenile chum salmon migrate rapidly from freshwater to shallow
nearshore marine habitats after emergence from gravel beds, some may remain up to a
year in fresh water in large northern rivers. The period of estuarine residence appears to
be a critical life history phase and may play a major role in determining the size of the

subsequent adult run back to freshwater.
Status and Trends

Columbia River chum salmon were listed as threatened on March 25, 1999, and their
threatened status was reaffirmed on June 28, 2005 (71 FR 37160). Chum salmon in the
Columbia River once numbered in the hundreds of thousands of adults and were reported
in almost every river in the LCR basin. However, by the 1950s most runs disappeared
(Rich 1942; Marr 1943; Fulton 1968). The total number of chum salmon returning to the

Columbia River in the last 50 years has averaged a few thousand per year, with returns
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limited to a very restricted portion of the historical range. Significant spawning occurs in
only two of the 16 historical populations. Nearly 88% of the historical populations are
extirpated. The two remaining populations are the Grays River and the Lower Gorge
(Good, Waples et al. 2005). Chum salmon appear to be extirpated from the Oregon
portion of this ESU. In 2000, the Oregon Department of Fish and Wildlife (ODFW)
conducted surveys to determine the abundance and distribution of chum salmon in the

Columbia River. Of 30 sites surveyed, only one chum salmon was observed.

Historically, the Columbia River chum salmon supported a large commercial fishery in
the first half of this century which landed more than 500,000 fish per year as recently as
1942. Commercial catches declined beginning in the mid-1950s, and in later years rarely
exceeded 2,000 per year. During the 1980s and 1990s, the combined abundance of
natural spawners for the Lower Gorge, Washougal, and Grays River populations was
below 4,000 adults. In 2002, however, the abundance of natural spawners exhibited a
substantial increase at several locations (estimate of natural spawners is approximately
20,000 adults). The cause of this dramatic increase in abundance is unknown.

Estimates of abundance and trends are available only for the Grays River and Lower
Gorge populations. The 10-year trend was negative for the Grays River population and
just over 1.0 for the Lower Gorge. The Upper Gorge population, and all four of the
populations on the Oregon side of the river in the Coastal MPG, are extirpated or nearly
so (McElhaney, Chilcote et al. 2007). However, long- and short-term productivity trends
for populations are at or below replacement. Regarding spatial structure, few Columbia
River chum salmon have been observed in tributaries between The Dalles and Bonneville
dams. Surveys of the White Salmon River in 2002 found one male and one female
carcass and the latter had not spawned (Ehlke and Keller 2003). Chum salmon were not
observed in any of the upper gorge tributaries, including the White Salmon River, during
the 2003 and 2004 spawning ground surveys. Finally, most Columbia River chum
populations have been functionally extirpated or are presently at very low abundance
levels. The loss of off-channel habitat and the extirpation of approximately 17 historical

populations increase this species’ vulnerability to environmental variability and
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catastrophic events. Overall, the populations that remain have low abundance, limited

distribution, and poor connectivity (Good, Waples et al. 2005).
Critical Habitat

Critical habitat was originally designated for this species on February 16, 2000 (65 FR
7764) and was re-designated on September 2, 2005 (70 FR 52630). The critical habitat
designation for this ESU identifies PCEs that include sites necessary to support one or
more chum salmon life stages. Columbia River chum salmon have PCEs of: (1)
Freshwater spawning, (2) freshwater rearing, (3) freshwater migration, (4) estuarine areas
free of obstruction, (5) nearshore marine areas free of obstructions, and (6) offshore
marine areas with good water quality. The physical or biological features that
characterize these sites include water quality and quantity, natural cover, forage, adequate

passage conditions, and floodplain connectivity.

Of 21 subbasins reviewed in NMFS’ assessment of critical habitat for the Columbia
River chum salmon ESU, three subbasins were rated as having a medium conservation
value, no subbasins were rated as low, and the majority of subbasins (18), were rated as
having a high conservation value to Columbia River chum salmon. Washington's federal
lands were rated as having high conservation value to the species. The major factors
limiting recovery for Columbia River chum salmon are altered channel form and stability
in tributaries, excessive sediment in tributary spawning gravels, altered stream flow in
tributaries and the mainstem Columbia River, loss of some tributary habitat types, and
harassment of spawners in the tributaries and mainstem. The above activities and
features also introduce sediment, nutrients, biocides, metals, and other pollutants into
surface and ground water and degrade water quality in the freshwater, estuarine, and

coastal ecosystems throughout the Pacific Northwest.

Hood Canal Summer-Run Chum Salmon

Distribution

This ESU includes all naturally spawned populations of summer-run chum salmon in

Hood Canal and its tributaries as well as populations in Olympic Peninsula rivers
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between Hood Canal and Dungeness Bay, Washington (64 FR 14508, Figure 17). Eight
artificial propagation programs are considered as part of the ESU: the Quilcene National
Fish Hatchery, Hamma Hamma Fish Hatchery, Lilliwaup Creek Fish Hatchery, Union
River/Tahuya, Big Beef Creek Fish Hatchery, Salmon Creek Fish Hatchery, Chimacum

Creek Fish Hatchery, and the Jimmycomelately Creek Fish Hatchery summer-run chum

hatchery programs. NMFS determined that these artificially propagated stocks are no

more divergent relative to the local natural population(s) than what would be expected

between closely related natural populations within the species. Table 14 identifies

populations within the Hood Canal summer-run Chum salmon ESU, their abundances,

and hatchery input.

Table 14. Hood Canal summer-run Chum salmon populations, abundances, and hatchery
contributions (Good, Waples et al. 2005).

_ Historical Most Recent Hatchery
Current Populations Abundance Spawner Abundance
Abundance Contributions
Jimmycomelately Creek Unknown ~60 Unknown
Salmon/Snow creeks Unknown ~2,200 0-69%
Big/Little Quilcene rivers Unknown ~4,240 5-51%
Lilliwaup Creek Unknown ~164 Unknown
Hamma Hamma River Unknown ~758 Unknown
Duckabush River Unknown Unknown Unknown
Dosewallips River Unknown ~900 Unknown
Union River Unknown ~690 Unknown
Chimacum Creek Unknown 0 100
Big Beef Creek Unknown 0 100
Dewetto Creek Unknown 0 Unknown
Total Unknown ~9,012
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Life History

The Hood Canal summer-run Chum salmon are defined in the Salmon and Steelhead
Stock Inventory (WDF, WDW et al. 1993) as fish that spawn from mid-September to
mid-October. However, summer chum have been known to enter natal rivers in late
August. Fall-run chum salmon are defined as fish that spawn from November through
December or January. Run-timing data for as early as 1913 indicated temporal separation
between summer and fall chum salmon in Hood Canal (Johnson, Grant et al. 1997).

Hood Canal summer Chum salmon are genetically distinct from healthy populations of
Hood Canal fall Chum salmon originating within this area. Hood Canal summer Chum
salmon return to natal rivers to spawn during the August through early October period.
The fall Chum salmon spawn between November and December, when streams are

higher and water temperature is lower.

The time to hatching varies among populations and among individuals within a
population (Salo 1991). Fry tend to emerge when they had their best chances of
surviving in streams and estuaries (Koski 1975). A variety of factors may influence the
time to hatching, emergence from the gravel, or both. They include dissolved oxygen,
gravel size, salinity, nutritional conditions, behaviour of alevins in the gravel and
incubation temperature [reviewed in (Bakkala 1970; Schroder, Koski et al. 1974;
Schroder 1977; Salo 1991)]. The average residence time in estuaries for Hood canal
chum salmon is 23 days. Fry in Hood Canal have not been observed to display daily tidal
migrations (Bax 1983). Fry movement is associated with prey availability. Summer-run
chum salmon migrate up the Hood Canal and into the main body of Puget Sound. Fish
may emerge from streams over an extended period or juveniles may also remain in

Quilcene Bay for several weeks.
Status and Trends

Hood Canal summer-run Chum salmon were listed as threatened on March 25, 1999, and
reaffirmed as threatened on June 28, 2005 (70 FR 37160). Adult returns for some

populations in the Hood Canal summer-run Chum salmon species showed modest
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improvements in 2000, with upward trends continuing in 2001 and 2002. The recent
five-year mean abundance is variable among populations in the species, ranging from one
fish to nearly 4,500 fish. Hood Canal summer-run chum salmon are the focus of an
extensive rebuilding program developed and implemented since 1992 by the state and
tribal co-managers. Two populations (the combined Quilcene and Union River
populations) are above the conservation thresholds established by the rebuilding plan.
However, most populations remain depressed. Estimates of the fraction of naturally
spawning hatchery fish exceed 60% for some populations. This indicates that
reintroduction programs are supplementing the numbers of total fish spawning naturally
in streams. Long-term trends in productivity are above replacement for only the Quilcene
and Union River populations. Buoyed by recent increases, seven populations are

exhibiting short-term productivity trends above replacement.

Of an estimated 16 historical populations in the ESU, seven populations are believed to
have been extirpated or nearly extirpated. Most of these extirpations have occurred in
populations on the eastern side of Hood Canal, generating additional concern for ESU
spatial structure. The widespread loss of estuary and lower floodplain habitat was noted
by the BRT as a continuing threat to ESU spatial structure and connectivity. There is
some concern that the Quilcene hatchery stock is exhibiting high rates of straying, and
may represent a risk to historical population structure and diversity. However, with the
extirpation of many local populations, much of this historical structure has been lost, and
the use of Quilcene hatchery fish may represent one of a few remaining options for Hood

Canal summer-run Chum salmon conservation.

Of the eight programs releasing summer chum salmon that are considered to be part of
this ESU, six of the programs are supplementation programs implemented to preserve
and increase the abundance of native populations in their natal watersheds. NMFS’
assessment of the effects of artificial propagation on ESU extinction risk concluded that
these hatchery programs collectively do not substantially reduce the extinction risk of the
ESU. The hatchery programs are reducing risks to ESU abundance by increasing total

ESU abundance as well as the number of naturally spawning summer-run chum salmon.
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Several of the programs have likely prevented further population extirpations in the ESU.
The contribution of ESU hatchery programs to the productivity of the ESU in-total is
uncertain. The hatchery programs are benefiting ESU spatial structure by increasing the
spawning area utilized in several watersheds and by increasing the geographic range of
the ESU through reintroductions. These programs also provide benefits to ESU diversity.
By bolstering total population sizes, the hatchery programs have likely stemmed adverse
genetic effects for populations at critically low levels. Additionally, measures have been
implemented to maintain current genetic diversity, including the use of native broodstock
and the termination of the programs after 12 years of operation to guard against long-term
domestication effects. Collectively, artificial propagation programs in the ESU presently
provide a slight beneficial effect to ESU abundance, spatial structure, and diversity.
However, artificial propagation programs also provide uncertain effects to ESU

productivity.
Critical Habitat

Critical habitat for this species was designated on September 2, 2005 (70 FR 52630).
Hood Canal summer-run chum salmon have PCEs of: (1) Freshwater spawning, (2)
freshwater rearing, (3) freshwater migration, (4) estuarine areas free of obstruction, (5)
nearshore marine areas free of obstructions, and (6) offshore marine areas with good
water quality. The physical or biological features that characterize these sites include
water quality and quantity, natural cover, forage, adequate passage conditions, and

floodplain connectivity.

Of 17 subbasins reviewed in NMFS’ assessment of critical habitat for the Hood Canal
chum salmon ESU, 14 subbasins were rated as having a high conservation value, while
only three were rated as having a medium value to the conservation. Limiting factors
identified for this species include: (1) Degraded floodplain and mainstem river channel
structure, (2) degraded estuarine water quality conditions and loss of estuarine habitat, (3)
riparian area degradation and loss of in-river wood in mainstem, (4) excessive sediment
in spawning gravels, and (5) reduced stream flow in migration areas. These conditions

also introduce sediment, nutrients, biocides, metals, and other pollutants into surface and
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ground water and degrade water quality in the freshwater, estuarine, and coastal

ecosystems throughout the Pacific Northwest.

Coho Salmon

Description of the Species

Coho salmon occur naturally in most major river basins around the North Pacific Ocean
from central California to northern Japan (Laufle, Pauley et al. 1986). We discuss the
distribution, life history diversity, status, and critical habitat of the four endangered and

threatened coho species separately.

After entering the ocean, immature coho salmon initially remain in nearshore waters
close to the parent stream. Most coho salmon adults are three-year-olds, having spent
approximately 18 months rearing in freshwater and 18 months in salt water. Most coho
salmon enter rivers between September and February. However, entry is influenced by
discharge and other factors. In many systems, coho salmon and other Pacific salmon are
unable to enter the rivers until sufficiently strong flows open passages and provide
sufficient depth. Wild female coho salmon return to spawn almost exclusively at age
three. Coho salmon spawn from November to January, and occasionally into February
and March. Spawning occurs in a few third-order streams. Most spawning activity
occurs in fourth- and fifth-order streams. Spawning generally occurs in tributaries with

gradients of 3% or less.

Eggs incubate for about 35 to 50 days, and start emerging from the gravel within two to
three weeks after hatching. Following emergence, fry move to shallow areas near the
stream banks. As fry grow, they disperse upstream and downstream to establish and
defend territories. Juvenile rearing usually occurs in tributaries with gradients of 3% or
less, although they may move to streams with gradients of 4 to 5%. Juvenile coho
salmon are often found in small streams less than five ft wide, and may migrate
considerable distances to rear in lakes and off-channel ponds. During the summer, fry

prefer pools featuring adequate cover such as large woody debris, undercut banks, and
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overhanging vegetation. Overwintering tends to occur in larger pools and backwater

arcas.

North American coho salmon will migrate north along the coast in a narrow coastal band
that broadens in southeastern Alaska. During this migration, juvenile coho salmon tend
to occur in both coastal and offshore waters. During spring and summer, coho salmon
will forage in waters between 46°N, the Gulf of Alaska, and along Alaska’s Aleutian

Islands.
Status and Trends

Coho salmon survive only in aquatic ecosystems and depend on the quantity and quality
of those aquatic systems. Coho salmon, like the other salmon NMFS has listed, have
declined under the combined effects of overharvests in fisheries; competition from fish
raised in hatcheries and native and non-native exotic species; dams that block their
migrations and alter river hydrology; gravel mining that impedes their migration and
alters the dynamics of the rivers and streams that support juveniles; water diversions that
deplete water levels in rivers and streams; destruction or degradation of riparian habitat
that increase water temperatures in rivers and streams sufficient to reduce the survival of
juvenile chum salmon; and land use practices (logging, agriculture, urbanization) that
destroy wetland and riparian ecosystems. The above activities and features introduce
sediment, nutrients, biocides, metals, and other pollutants into surface and ground water
and degrade water quality in the freshwater, estuarine, and coastal ecosystems throughout

the Pacific Northwest.

Central California Coast Coho Salmon

Distribution
The CCC coho salmon ESU extends from Punta Gorda in northern California south to
and including the San Lorenzo River in central California (Weitkamp, Wainwright et al.

1995). Table 15 identifies populations within the CCC Coho salmon ESU, their
abundances, and hatchery input (Figure 18).
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Figure 18. CCC Coho salmon distribution. Land Cover Class Legend in Figure 7.

117



Table 15. CCC Coho salmon populations, abundances, and hatchery contributions (Good,
Waples et al. 2005).

Historical 1987-1991 Hatchery

River/Region Escapement Escapement Abundance

(1963) Abundance Contributions
Ten Mile River 6,000 160 Unknown
Noyo River 6,000 3,740 Unknown
Big River 6,000 280 Unknown
Navarro River 7,000 300 Unknown
Garcia River 2,000 500 (1984-1985) Unknown
Other Mendacino County rivers 10,000 470 Unknown
Gualala River 4,000 200 Unknown
Russian River 5,000 255 Unknown
Other Sonoma County rivers 1,000 180 Unknown
Marin County 5,000 435 Unknown
San Mateo County 1,000 Unknown Unknown
Santa Cruz County 1,500 50 (1984-1985) Unknown
San Lorenzo River 1,600 Unknown Unknown
200,000(] .
Total 500,000 6,570 (min)
Life History

Both run and spawn timing of coho salmon in this region are very late (both peaking in
January), with little time spent in freshwater between river entry and spawning. This
compressed adult freshwater residency appears to coincide with the single, brief peak of

river flow characteristic of this area.
Status and Trends

The CCC coho salmon ESU was originally listed as threatened under the ESA on October
31, 1996 (61 FR 56138) and later revised to endangered status on June 28, 2005 (70 FR
37160). The ESU includes all naturally spawned populations of coho salmon from Punta
Gorda in northern California south to and including the San Lorenzo River in central
California, as well as populations in tributaries to San Francisco Bay, excluding the
Sacramento-San Joaquin River system. The ESU also includes four artificial propagation
programs: the Don Clausen Fish Hatchery Captive Broodstock Program, Scott
Creek/King Fisher Flats Conservation Program, Scott Creek Captive Broodstock
Program, and the Noyo River Fish Station egg-take Program coho hatchery programs.
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Information on the abundance and productivity trends for the naturally spawning
component of the CCC coho salmon ESU is extremely limited. There are no long-term
time series of spawner abundance for individual river systems. Analyses of juvenile coho
presence-absence information, juvenile density surveys, and irregular adult counts for the
South Fork Noyo River indicate low abundance and long-term downward trends for the
naturally spawning populations throughout the ESU. Improved ocean conditions coupled
with favorable stream flows and harvest restrictions have contributed to increased returns
in 2001 in streams in the northern portion of the ESU, as indicated by an increase in the
observed presence of fish in historically occupied streams. Data are lacking for many
river basins in the southern two thirds of the ESU where naturally spawning populations
are considered at the greatest risk. The extirpation or near extirpation of natural coho
salmon populations in several major river basins, and across most of the southern
historical range of the ESU, represents a significant risk to ESU spatial structure and
diversity. Artificial propagation of coho salmon within the CCC ESU has declined since
the ESU was listed in 1996 though it continues at the Noyo River and Scott Creek
facilities, and two captive broodstock populations have recently been established.
Genetic diversity risk associated with out-of-basin transfers appears to be minimal.
However, diversity risk from domestication selection and low effective population sizes
in the remaining hatchery programs remains a concern. An out-of-ESU artificial
propagation program for coho was operated at the Don Clausen hatchery on the Russian
River through the mid-1990s. However, the program was terminated in 1996.
Termination of this program was considered by the Biological Review Team (BRT) as a

positive development for naturally produced coho salmon in this ESU.

CCC coho salmon populations continue to be depressed relative to historical numbers.
Strong indications show that breeding groups have been lost from a significant
percentage of streams in their historical range. A number of coho salmon populations in
the southern portion of the range appear to be either extinct or nearly so. They include
those in Gualala, Garcia, and Russian rivers, as well as smaller coastal streams in and
south of San Francisco Bay (Good, Waples et al. 2005). For the naturally spawning
component of the ESU, the BRT found very high risk (of extinction) for the abundance,
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productivity, and spatial structure VSP parameters and comparatively moderate risk with
respect to the diversity VSP parameter. The lack of direct estimates of the performance
of the naturally spawned populations in this ESU, and the associated uncertainty this
generates, was of specific concern to the BRT, as the naturally spawned component of the

CCC coho salmon ESU was “in danger of extinction”.
Critical Habitat

Critical habitat for the CCC coho salmon ESU was designated on May 5, 1999 (64 FR
24049). Designated critical habitat encompasses accessible reaches of all rivers
(including estuarine areas and tributaries) between Punta Gorda and the San Lorenzo
River (inclusive) in California. Critical habitat for this species also includes two streams
entering San Francisco Bay: Arroyo Corte Madera Del Presidio and Corte Madera

Creek.

Lower Columbia River Coho Salmon

Distribution

LCR coho salmon include all naturally spawned populations of coho salmon in the
Columbia River and its tributaries in Oregon and Washington, from the mouth of the
Columbia up to and including the Big White Salmon and Hood Rivers, and includes the
Willamette River to Willamette Falls, Oregon (Figure 19). This ESU also includes 25
artificial propagation programs: the Grays River, Sea Resources Hatchery, Peterson
Coho Project, Big Creek Hatchery, Astoria High School Coho Program, Warrenton High
School Coho Program, Elochoman Type-S Coho Program, Elochoman Type-N Coho
Program, Cathlamet High School FFA Type-N Coho Program, Cowlitz Type-N Coho
Program in the Upper and Lower Cowlitz Rivers, Cowlitz Game and Anglers Coho
Program, Friends of the Cowlitz Coho Program, North Fork Toutle River Hatchery,
Kalama River Type-N Coho Program, Kalama River Type-S Coho Program, Washougal
Hatchery Type-N Coho Program, Lewis River Type-N Coho Program, Lewis River
Type-S Coho Program, Fish First Wild Coho Program, Fish First Type-N Coho Program,
Syverson Project Type-N Coho Program, Eagle Creek National Fish Hatchery, Sandy

Hatchery, and the Bonneville/Cascade/Oxbow complex coho hatchery programs.
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Table 16 identifies populations within the LCR Coho salmon ESU, their abundances, and

hatchery input.

Table 16. LCR Coho salmon populations, abundances, and hatchery contributions (Good,

Waples et al. 2005).

. . Historical ol 180
River/Region Abundance Spawner Abundance
Abundance Contributions
Youngs Bay and Big Creek Unknown 4,473 91%
Grays River Unknown Unknown Unknown
Elochoman River Unknown Unknown Unknown
Clatskanie River Unknown 229 60%
Mill, Germany, and Abernathy creeks Unknown Unknown Unknown
Scappoose Rivers Unknown 458 0%
Cispus River Unknown Unknown Unknown
Tilton River Unknown Unknown Unknown
Upper Cowlitz River Unknown Unknown Unknown
Lower Cowlitz River Unknown Unknown Unknown
North Fork Toutle River Unknown Unknown Unknown
South Fork Toutle River Unknown Unknown Unknown
Coweeman River Unknown Unknown Unknown
Kalama River Unknown Unknown Unknown
North Fork Lewis River Unknown Unknown Unknown
East Fork Lewis River Unknown Unknown Unknown
Upper Clackamas River Unknown 1,001 12%
Lower Clackamas River Unknown 2,402 78%
Salmon Creek Unknown Unknown Unknown
Upper Sandy River Unknown 310 0%
Lower Sandy River Unknown 271 97%
Washougal River Unknown Unknown Unknown
LCR gorge tributaries Unknown Unknown Unknown
White Salmon Unknown Unknown Unknown
Upper Colqmb|a.Rlver gorge Unknown 1,317 >65%
tributaries
Hood River Unknown Unknown Unknown
Total Unknown 10,461 (min)
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Life History

Although run time variation is inherent to coho salmon life history, the ESU includes two
distinct runs: early returning (Type S) and late returning (Type N). Type S coho salmon
generally migrate south of the Columbia once they reach the ocean, returning to
freshwater in mid-August and to the spawning tributaries in early September. Spawning
peaks from mid-October to early November. Type N coho salmon have a northern
distribution in the ocean, return to the Columbia River from late September through
December and enter the tributaries from October through January. Most Type N
spawning occurs from November through January. However some spawning occurs in
February and as late as March (LCFRB 2004). Almost all LCR ESU coho salmon

females and most males spawn at three years of age.
Status and Trends

LCR coho salmon were listed as endangered on June 28, 2005 (70 FR 37160). The vast
majority (over 90%) of the historic population in the LCR coho salmon ESU appear to be
either extirpated or nearly so. The two populations with any significant natural
production (Sandy and Clackamas) are at appreciable risk because of low abundance,
declining trends, and failure to respond after a dramatic reduction in harvest. Most of the

other populations are believed to have very little, if any, natural production.

The Sandy population had a recent mean abundance of 342 spawners and a very low
fraction of hatchery-origin spawners. Trends in the Sandy are similar to the Clackamas.
The long-term trends and growth rate estimates over the period 1977 to 2001 have been
slightly positive and the short-term trends have been slightly negative. Other populations
in this ESU are dominated by hatchery production. There is very little, if any, natural
production in Oregon beyond the Clackamas and Sandy rivers. The Washington side of
the ESU is also dominated by hatchery production. There are no populations with
appreciable natural production. The most serious threat facing this ESU is the scarcity of
naturally-produced spawners, with attendant risks associated with small population, loss

of diversity, and fragmentation and isolation of the remaining naturally-produced fish. In
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the only two populations with significant natural production (Sandy and Clackamas),
short- and long-term trends are negative and productivity (as gauged by pre-harvest

recruits) is down sharply from recent (1980s) levels.

The Federal Columbia River Power System Opinion (FCRPS) (2008) describes this ESU
as consisting of three MPGs. Each is comprised of three to 14 populations. In many
cases, populations have low abundance and natural runs have been extensively replaced
by hatchery production. Abundance estimates are available for only five populations and
trend estimates for only two. Time series are not available for Washington coho
populations. The 100-year risk of extinction was derived qualitatively, based on risk
categories and criteria identified by the W/LCTRT 1in 2004. Most of the population of
LCR had high or very high extinction risk probabilities. Spatial structure has been
substantially reduced by the loss of access to the upper portions of some basins from
tributary hydro development (i.e., Condit Dam on the Big White Salmon River and
Powerdale Dam on the Hood River). Finally, the diversity of populations in all three
MPGs has been eroded by large hatchery influences and periodically, low effective
population sizes. Nevertheless, the genetic legacy of the Lewis and Cowlitz River coho

salmon populations is preserved in ongoing hatchery programs.
Critical Habitat
NMEFS has not designated critical habitat for LCR coho salmon.

SONCC Coho Salmon

Distribution

SONCC coho salmon consists of all naturally spawning populations of coho salmon that
reside below long-term, naturally impassible barriers in streams between Punta Gorda,

California and Cape Blanco, Oregon (Figure 20).

This ESU also includes three artificial propagation programs: the Cole Rivers Hatchery
(ODFW stock #52), Trinity River Hatchery, and Iron Gate Hatchery coho hatchery
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programs. The three major river systems supporting Southern Oregon / Northern Coastal

California coast coho are the Rogue, Klamath (including the Trinity), and Eel rivers.
Life History

SONCC coho salmon enter rivers in September or October. River entry is much later
south of the Klamath River Basin, occurring in November and December, in basins south
of the Klamath River to the Mattole River, California. River entry occurs from mid-
Decmeber to mid-February in rivers farther south. Because coho salmon enter rivers late
and spawn late south of the Mattole River, they spend much less time in the river prior to
spawning. Coho salmon adults spawn at age three, spending just over a year in

freshwater and a year and a half in the ocean.
Status and Trends

SONCC coho salmon were listed as threatened on May 7, 1997 (62 FR 24588). This
species retained its original classification when its status was reviewed on June 28, 2005
(70 FR 37160). The status of coho salmon coast wide, including the SONCC coho
salmon ESU, was formally assessed in 1995 (Weitkamp, Wainwright et al. 1995). Two
subsequent status review updates have been published by NMFS. One review update
addressed all West Coast coho salmon ESUs (Busby, Wainwright et al. 1996). The
second update specifically addressed the Oregon Coast and SONCC coho salmon ESUs
(Gustafson, Wainwright et al. 1997). In the 1997 status update, estimates of natural
population abundance were based on very limited information. New data on
presence/absence in northern California streams that historically supported coho salmon
were even more disturbing than earlier results. Data indicated that a smaller percentage
of streams contained coho salmon compared to the percentage presence in an earlier
study. However, it was unclear whether these new data represented actual trends in local

extinctions, or were biased by sampling effort.
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Figure 20. SONCC coho salmon distribution. Legend for Land Cover Class in Figure 7.
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Data on population abundance and trends are limited for the California portion of this
ESU. No regular estimates of natural spawner escapement are available. Historical point
estimates of coho salmon abundance for the early 1960s and mid-1980s suggest that
statewide coho spawning escapement in the 1940s ranged between 200,000 and 500,000
fish. Numbers declined to about 100,000 fish by the mid-1960s with about 43%
originating from this ESU. Brown et al. (1994) estimated that the California portion of
this ESU was represented by about 7,000 wild and naturalized coho salmon (Good,
Waples et al. 2005). In the Klamath River, the estimated escapement has dropped from
approximately 15,400 in the mid-1960s to about 3,000 in the mid-1980s, and more
recently to about 2,000 (Good, Waples et al. 2005). The second largest producing river
in this ESU, the Eel River, dropped from 14,000, to 4,000 to about 2,000 during the same
period. Historical estimates are considered “best guesses” made using a combination of
limited catch statistics, hatchery records, and the personal observations of biologists and

managers.

Most recently, Williams et al. (2006) described the structure of historic populations of
SONCC coho salmon. They described three categories of populations: functionally
independent populations, potentially independent populations, and dependent
populations. Functionally independent populations are populations capable of existing in
isolation with a minimal risk of extinction. Potentially independent populations are
similar but rely on some interchange with adjacent populations to maintain a low
probability of extinction. Dependent populations have a high risk of extinction in
isolation over a 100-year timeframe and rely on exchange of individuals from adjacent

populations to maintain themselves.
Critical Habitat

Critical habitat was designated for the SONCC coho salmon on November 25, 1997, and
re-designated on May 5, 1999. Species critical habitat encompasses all accessible river
reaches between Cape Blanco, Oregon, and Punta Gorda, California and consists of the
water, substrate, and river reaches (including off-channel habitats) in specified areas.

Accessible reaches are those within the historical range of the ESU that can still be
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occupied by any life stage of coho salmon. Of 155 historical streams for which data are
available, 63% likely still support coho salmon. Limiting factors identified for this
species include: (1) Loss of channel complexity, connectivity and sinuosity, (2) loss of
floodplain and estuarine habitats, (3) loss of riparian habitats and large in-river wood, (4)
reduced streamflow, (5) poor water quality, temperature and excessive sedimentation,

and (6) unscreened diversions and fish passage structures.

Oregon Coast Coho Salmon

Distribution

The Oregon Coast (OC) coho salmon ESU includes all naturally spawned populations of
coho salmon in Oregon coastal streams south of the Columbia River and north of Cape
Blanco (63 FR 42587; August 10, 1998; Figure 21). One hatchery stock, the Cow Creek
(ODFW stock # 37) hatchery coho, is considered part of the ESU. Table 17 identifies
populations within the OC coho salmon ESU, their abundances, and hatchery input.

Table 17. Oregon Coast Coho salmon populations, abundances, and hatchery
contributions (Good, Waples et al. 2005).

_ Historical Recent Hatchery
Basin Abundance Spawner Abur_ldar_lce
Abundance Contributions
Necanicum Unknown 1,889 35-40%
Nehalem Unknown 18,741 40-75%
Tillamook Unknown 3,949 30-35%
Nestucca Unknown 3,846 ~5%
Siletz Unknown 2,295 ~50%
Yaquima Unknown 3,665 ~25%
Alsea Unknown 3,621 ~40%
Siuslaw Unknown 16,213 ~40%
Umpqua Unknown 24,351 <10%
Coos Unknown 20,136 <5%
Coquille Unknown 8,847 <5%
Total 924,000 107,553
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Status and Trends

The OC coho salmon ESU was listed as a threatened species on February 11, 2008 (73
FR 7816). The most recent NMFS status review for the OC coho salmon ESU was
conducted by the BRT in 2003, which assessed data through 2002. The abundance and
productivity of OC coho salmon since the previous status review (Gustafson, Wainwright
et al. 1997) represented some of the best and worst years on record. Yearly adult returns
for this ESU were in excess of 160,000 natural spawners in 2001 and 2002, far exceeding
the abundance observed for the past several decades. These encouraging increases in
spawner abundance in 2000-2002 were preceded, however, by three consecutive brood
years (the 1994-1996 brood years returning in 1997-1999, respectively) exhibiting
recruitment failure. Recruitment failure is when a given year class of natural spawners
fails to replace itself when its offspring return to the spawning grounds three years later.
These three years of recruitment failure were the only such instances observed thus far in
the entire 55-year abundance time series for OC coho salmon (although comprehensive
population-level survey data have only been available since 1980). The encouraging
2000-2002 increases in natural spawner abundance occurred in many populations in the
northern portion of the ESU, which were the most depressed at the time of the last review
(Gustafson, Wainwright et al. 1997). Although encouraged by the increase in spawner
abundance in 2000-2002, the BRT noted that the long-term trends in ESU productivity
were still negative due to the low abundances observed during the 1990s (73 FR 7816).
Since the BRT convened, the total abundance of natural spawners in the OC coho salmon
ESU has declined each year (i.e., 2003-2006). The abundance of total natural spawners
in 2006 (111,025 spawners) was approximately 43% of the recent peak abundance in
2002 (255,372 spawners). In 2003, ESU-level productivity (evaluated in terms of the
number of spawning recruits resulting from spawners three years earlier) was above
replacement, and in 2004, productivity was approximately at replacement level.
However, productivity was below replacement in 2005 and 2006, and dropped to the
lowest level since 1991 in 2006.
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Preliminary spawner survey data for 2007 (the average peak number of spawners per
mile observed during random coho spawning surveys in 41 streams) suggest that the
2007-2008 return of Oregon Coast coho salmon is either: (1) much reduced from
abundance levels in 2006, or (2) exhibiting delayed run timing from previous years. As
of December 13, 2007, the average peak number of spawners per mile was below 2006
levels in 38 of 41 surveyed streams (ODFW 2007 in 73 FR 7816). It is possible that the
timing of peak spawner abundance is delayed relative to previous years, and that
increased spawner abundance in late December and January 2008 will compensate for the

low levels observed thus far.

The recent five year geometric mean abundance (2002-2006) of approximately 152, 960
total natural spawners remains well above that of a decade ago (approximately 52,845
from 1992-1996). However, the decline in productivity from 2003 to 2006, despite
generally favorable marine survival conditions and low harvest rates, is of concern. (73

FR 7816). The long-term trends in productivity in this ESU remain strongly negative.
Critical Habitat

Critical habitat was proposed for Oregon Coast coho salmon on December 14, 2004 (69
FR 74578). The final designation of critical habitat is included in the final rule published
on February 11, 2008 (73 FR 7816). Approximately 6,568 stream miles (10,570 km) and
15 square miles (38.8 sq km) of lake habitat are designated critical habitat. Refer to the
final rule for a detailed description of the watersheds included in the critical habitat, and a

map for each subbasin.

Sockeye Salmon

Description of the Species

Sockeye salmon occur in the North Pacific and Arctic oceans and associated freshwater
systems. This species ranges south as far as the Klamath River in California and northern
Hokkaido in Japan, to as far north as far as Bathurst Inlet in the Canadian Arctic and the
Anadyr River in Siberia. We discuss the distribution, life history diversity, status, and

critical habitat of the two endangered and threatened sockeye species separately.
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The species exhibits riverine and lake life history strategies, the latter of which may be
either freshwater resident forms or anadromous forms. The vast majority of sockeye
salmon spawn in outlet streams of lakes or in the lakes themselves. These “lake-type”
sockeye use the lake environment for rearing for up to three years and then migrate to
sea, returning to their natal lake to spawn after one to four years at sea. Some sockeye
spawn in rivers, however, without lake habitat for juvenile rearing. Offspring of these
riverine spawners tend to use the lower velocity sections of rivers as the juvenile rearing

environment for one to two years, or may migrate to sea in their first year.

Certain populations of O. nerka become resident in the lake environment over long
periods of time and are called kokanee or little redfish (Burgner 1991). Kokanee and
sockeye often co-occur in many interior lakes, where access to the sea is possible but
energetically costly. On the other hand, coastal lakes where the migration to sea is

relatively short and energetic costs are minimal, rarely support kokanee populations.

Spawning generally occurs in late summer and autumn, but the precise time can vary
greatly among populations. Males often arrive earlier than females on the spawning
grounds, and will persist longer during the spawning period. Average fecundity ranges
from about 2,000 to 2,400 eggs per female to 5,000 eggs, depending upon the population
and average age of the female. Fecundity in kokanee is much lower and may range from

about 300 to less than 2,000 eggs.

Incubation is a function of water temperatures, but generally lasts between 100 and
roughly 200 days (Burgner 1991). After emergence, fry move rapidly downstream or
upstream along the banks to the lake rearing area. Fry emerging from lakeshore or island
spawning grounds may simply move along the shoreline of the lake (Burgner 1991).
Juvenile salmonids rely on a variety of non-main channel habitats that are critical to
rearing. All listed salmonids use shallow, low flow habitats at some point in their life

cycle. Examples of off-channel habitat include alcoves, channel edge sloughs, overflow
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channels, backwaters, terrace tributaries, off-channel dredge ponds, and braids (Anderson

1999; Swift II1 1979).

Sockeye salmon survive only in aquatic ecosystems and depend on the quantity and
quality of those aquatic systems. Sockeye salmon, like the other salmon NMFS has
listed, have declined under the combined effects of overharvests in fisheries; competition
from fish raised in hatcheries and native and non-native exotic species; dams that block
their migrations and alter river hydrology; gravel mining that impedes their migration and
alters the hydrogeomorphology of the rivers and streams that support juveniles; water
diversions that deplete water levels in rivers and streams; destruction or degradation of
riparian habitat that increase water temperatures in rivers and streams sufficient to reduce
the survival of juvenile chum salmon; and land use practices (logging, agriculture,
urbanization) that destroy wetland and riparian ecosystems. These activities and features
introduce sediment, nutrients, biocides, metals, and other pollutants into surface and
ground water and degrade water quality in the freshwater, estuarine, and coastal

ecosystems throughout the Pacific Northwest.

Ozette Lake Sockeye Salmon

Distribution

This ESU includes all naturally spawned populations of sockeye salmon in Ozette Lake,
Ozette River, Coal Creek, and other tributaries flowing into Ozette Lake, Washington.
This ESU is composed of one historical population, with substantial substructuring of
individuals into multiple spawning aggregations (Figure 22). The primary spawning
aggregations occur in two beach locations — Allen’s and Olsen’s beaches, and in two
tributaries Umbrella Creek and Big River (both tributary-spawning groups were initiated

through a hatchery introduction program).

Sockeye salmon stock reared at the Makah Tribe’s Umbrella Creek Hatchery were
considered part of the ESU, but were not considered essential for recovery of the ESU.
NMFS determined that it is presently not necessary to consider the progeny of intentional

hatchery-wild or wild-wild crosses produced through the Makah Tribal hatchery program
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as listed under the ESA (March 25, 1999, 64 FR 14528). However, once the hatchery

fish return and spawn in the wild, their progeny are considered listed.
Life History

The sockeye salmon life history is one of the most complex of any Pacific salmon species
because of its variable freshwater residency (one to three years in freshwater), and
because the species has several different forms: fish that go to the ocean and back, fish

that remain in freshwater, and fish that do both.

Adult Ozette Lake sockeye salmon enter Ozette Lake through the Ozette River from
April to early August. Adults remain in the lake for an extended period of time (return
April — August; spawn late October-February) before spawning on beaches or in the
tributaries. Sockeye salmon spawn primarily in lakeshore upwelling areas in Ozette Lake
(at Allen’s Bay and Olsen’s Beach). Minor spawning may occur below Ozette Lake in
the Ozette River or in Coal Creek, a tributary of the Ozette River. Sockeye salmon do
not presently spawn in tributary streams to Ozette Lake. However, they may have
spawned there historically. Eggs and alevins remain in gravel redds until the fish emerge
as fry in spring. Fry then migrate immediately to the limnetic zone in Ozette Lake, where
the fish rear. After one year of rearing, in late spring, Ozette Lake sockeye salmon
emigrate seaward as one + smolts. The majority of Ozette Lake sockeye salmon return to
spawn as four year old adult fish, having spent one winter in fresh water and two winters
at sea (NMFS 2005b). As prespawning mortality is unknown, it is unclear what

escapement levels to the spawning aggregations may be.

In Ozette Lake, naturally high water temperatures and low summer flows in the Ozette
River may affect migration by altering timing of the runs (La Riviere 1991). Declines in
abundance have been attributed to a combination of introduced species, predation, loss of
tributary populations, decline in quality of beach spawning habitat, temporarily
unfavorable ocean conditions, habitat degradation, and excessive historical harvests

(Jacobs, Larson et al. 1996)
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Status and Trends

The Ozette Lake sockeye salmon ESU was originally listed as a threatened species in
1999 (64 FR 14528). This classification was retained following a species status review

on June 28, 2005 (70 FR 37160).

The historical abundance of Ozette Lake sockeye salmon is poorly documented, but may
have been as high as 50,000 individuals (Blum 1988). Nevertheless, the overall
abundance of naturally—produced Ozette Lake sockeye salmon is believed to have
declined substantially from historical levels. In the first study of lake escapement of
Ozette Lake sockeye salmon (Kemmerich 1945), the run size entering the lake was
estimated at a level of several thousand fish. These counts appear to be roughly double
the current mean lake abundance, considering that they were likely conducted upstream
from fisheries in or near to the Ozette River. Makah Fisheries Management (2000)
concluded that there appears to be a substantial decline in the Tribal catch of Ozette Lake
sockeye salmon beginning in the 1950s and a similar decline in the run size since the

1920s weir counts reported by Kemmerich (1945).

An updated NMFS analysis of total annual Ozette Lake sockeye salmon abundance
(based on adult run size data presented in Jacobs et al. (1996)) indicates a trend in
abundance averaging minus 2% per year over the period 1977 through 1998. The current
tributary-based hatchery program was planned and initiated in response to the declining
population trend identified for the Ozette Lake sockeye salmon population. The updated
analysis also indicated that the most recent ten year (1989-98) trend for the population is
plus 2% per year, improving from the minus 9.9% annual trend reported in Gustafson et

al. (1999).

Data from the early 1900s indicate the spawning population was as large as 10,000 to
20,000 fish in large run years. Recent information on abundance of Ozette Lake sockeye
salmon ESU comes from visual counts at a weir across the lake outlet. Therefore, the

counts represent total run size. The estimates of total run size were revised upward after
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the 1997 status review due to resampling of data using new video counting technology.
The Makah Fisheries biologists estimate that previous counts of adult sockeye salmon
returning to the lake were underestimates, and they have attempted to correct run-size
estimates based on their assessments of human error and variations in interannual run

timing (Makah Fisheries Management 2000) in (Good, Waples et al. 2005).

The most recent (1996-2003) run-size estimates range from a low of 1,609 in 1997 to a
high of 5,075 in 2003, averaging approximately 3,600 sockeye per year (Hard, Jones et
al. 1992; Haggerty, Ritchie et al. 2007). For return years 2000 to 2003, the four-year
average abundance estimate was slightly over 4,600 sockeye (Haggerty, Ritchie et al.
2007). Because run-size estimates before 1998 are likely to be even more unreliable than
recent counts, and new counting technology has resulted in an increase in estimated run
sizes, no statistical estimation of trends is reported. The current trends in abundance are
unknown for the beach spawning aggregations. Although overall abundance appears to
have declined from historical levels, whether this resulted in fewer spawning
aggregations, lower abundances at each aggregation, or both, is unknown (Good, Waples
et al. 2005). It is estimated that between 35,500 and 121,000 spawners could be normally
carried after full recovery (Hard, Jones et al. 1992).

There has been no harvest of Ozette Lake sockeye salmon for the past four brood cycle
years (since 1982). Prior to that time, ceremonial and subsistence harvests by the Makah
Tribe were low, ranging from 0 to 84 fish per year. Harvest has not been an important
mortality factor for the population in over 35 years. In addition, due to the early river
entry timing of returning Ozette Lake sockeye salmon (beginning in late April, with the
peak returns prior to late-May to mid-June), the fish are not intercepted in Canadian and
U.S. marine area fisheries directed at Fraser River sockeye salmon. There are currently

no known marine area harvest impacts on Ozette Lake sockeye salmon.
According to Good et al. (2005) it appears that overall abundance is low for this

population, which represents an entire ESU, and may be substantially below historical

levels. The number of returning adults in the last few years has increased. However, a
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substantial (but uncertain) fraction of these appear to be of hatchery origin. This
condition leads to uncertainty regarding growth rate and productivity of the natural
component of the ESU. Genetic integrity may have been compromised due to the
artificial supplementation that has occurred in this population. Approximately one
million sockeye have been released into the Ozette watershed from the late 1930s to

present (Kemmerich 1945; Boomer 1995; Good, Waples et al. 2005).
Critical Habitat

On September 2, 2005, NMFS designated critical habitat for the Ozette Lake sockeye
salmon ESU (70 FR 52630), and encompasses areas within the Hoh/Quillayute subbasin.
Refer to the final rule for additional information on the watersheds within this subbasin,
including a map of the area. Limiting factors for this species include siltation of beach-

spawning habitat and logging.

Snake River Sockeye Salmon

Distribution

The SR sockeye salmon ESU includes all anadromous and residual sockeye from the SR
basin Idaho, as well as artificially propagated sockeye salmon from the Redfish Lake
Captive Broodstock Program (Figure 23).

Life History

SR sockeye salmon are unique compared to other sockeye salmon populations. Sockeye
salmon returning to Redfish Lake in Idaho’s Stanley Basin travel a greater distance from
the sea (approximately 900 miles) to a higher elevation (6,500 ft) than any other sockeye
salmon population and are the southern-most population of sockeye salmon in the world
(Bjornn, Craddock et al. 1968). Stanley Basin sockeye salmon are separated by 700 or
more river miles from two other extant upper Columbia River populations in the
Wenatchee River and Okanogan River drainages. These latter populations return to lakes
at substantially lower elevations (Wenatchee at 1,870 ft, Okanagon at 912 ft) and occupy

different ecoregions.
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Status and Trends

SR sockeye salmon were originally listed as endangered in 1991. Their classification
was retained following a status review on June 28, 2005 (70 FR 37160). The only extant
sockeye salmon population in the SR basin at the time of listing was that in Redfish Lake,
in the Stanley Basin (upper Salmon River drainage) of Idaho. Other lakes in the SR basin
historically supported sockeye salmon populations, including Wallowa Lake (Grande
Ronde River drainage, Oregon), Payette Lake (Payette River drainage, Idaho) and Warm
Lake (South Fork Salmon River drainage, Idaho) (Gustafson, Wainwright et al. 1997).
These populations are now considered extinct. Although kokanee, a resident form of O.
nerka, occur in numerous lakes in the SR basin, resident O. nerka were not considered
part of the species at the time of listing in 1991. Subsequent to the 1991 listing, a
residual form of sockeye residing in Redfish Lake was identified. The residuals are non!
anadromous. They complete their entire life cycle in freshwater, but spawn at the same
time and in the same location as anadromous sockeye salmon. In 1993, NMFS
determined that residual sockeye salmon in Redfish Lake were part of the SR sockeye
salmon. Also, artificially propagated sockeye salmon from the Redfish Lake Captive
Propagation program are considered part of this species (June 28, 2005, 70 FR 37160).

NMEFS has determined that this artificially propagated stock is genetically no more than
moderately divergent from the natural population (Good, Waples et al. 2005). Five lakes
in the Stanley Basin historically contained sockeye salmon: Alturas, Pettit, Redfish,
Stanley and Yellowbelly (Bjornn, Craddock et al. 1968). It is generally believed that
adults were prevented from returning to the Sawtooth Valley from 1910 to 1934 by
Sunbeam Dam. Sunbeam Dam was constructed on the Salmon River approximately 20
miles downstream of Redfish Lake. Whether or not Sunbeam Dam was a complete
barrier to adult migration remains unknown. It has been hypothesized that some passage
occurred while the dam was in place, allowing the Stanley Basin population or

populations to persist (Bjornn, Craddock et al. 1968; Matthews and Waples 1991).
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Adult returns to Redfish Lake during the period 1954 through 1966 ranged from 11 to
4,361 fish (Bjornn, Craddock et al. 1968). Sockeye salmon in Alturas Lake were
extirpated in the early 1900s as a result of irrigation diversions, although residual sockeye
may still exist in the lake (Chapman and Witty 1993). From 1955 to 1965, the Idaho
Department of Fish and Game eradicated sockeye salmon from Pettit, Stanley, and
Yellowbelly lakes, and built permanent structures on each of the lake outlets that
prevented re-entry of anadromous sockeye salmon (Chapman and Witty 1993). In 1985,
1986, and 1987, 11, 29, and 16 sockeye, respectively, were counted at the Redfish Lake
weir (Good, Waples et al. 2005). Only 18 natural origin sockeye salmon have returned to
the Stanley Basin since 1987. The first adult returns from the captive brood stock
program returned to the Stanley Basin in 1999. From 1999 through 2005, a total of 345
captive brood program adults that had migrated to the ocean returned to the Stanley

Basin.

Recent annual abundances of natural origin sockeye salmon in the Stanley Basin have
been extremely low. No natural origin anadromous adults have returned since 1998 and
the abundance of residual sockeye salmon in Redfish Lake is unknown. This species is
entirely supported by adults produced through the captive propagation program at the
present time. Current smolt-to-adult survival of sockeye originating from the Stanley
Basin lakes is rarely greater than 0.3% (Hebdon, Kline et al. 2004). Based on current
abundance and productivity information, the SR sockeye salmon ESU does not meet the
ESU-level viability criteria (non-negligible risk of extinction over a 100-year time

period).
Critical Habitat

Critical habitat for these salmon was designated on December 28, 1993 (58 FR 68543).
Designated habitats encompasses the waters, waterway bottoms, and adjacent riparian
zones of specified lakes and river reaches in the Columbia River that are or were
accessible to listed SR salmon (except reaches above impassable natural falls, and
Dworshak and Hells Canyon Dams). Adjacent riparian zones are defined as those areas

within a horizontal distance of 300 ft from the normal line of high water of a stream
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channel or from the shoreline of a standing body of water. Designated critical habitat
areas include the Columbia River from a straight line connecting the west end of the
Clatsop jetty (Oregon side) and the west end of the Peacock jetty (Washington side), all
river reaches from the estuary upstream to the confluence of the SR, and all SR reaches
upstream to the confluence of the Salmon River; all Salmon River reaches to Alturas
Lake Creek; Stanley, Redfish, yellow Belly, Pettit, and Alturas Lakes (including their
inlet and outlet creeks); Alturas Lake Creek and that portion of Valley Creek between
Stanley Lake Creek; and the Salmon River. Limiting factors identified for SR sockeye
include: (1) Reduced tributary stream flow, (2) impaired tributary passage and blocks to
migration, (3) degraded water quality; and (4) mainstem Columbia River hydropower

system mortality.

Steelhead

Description of the Species

Steelhead are native to Pacific Coast streams extending from Alaska south to
northwestern Mexico (Moyle 1976; Gustafson, Wainwright et al. 1997; Good, Waples et
al. 2005). We discuss the distribution, life history diversity, status, and critical habitat of

the 11 endangered and threatened steelhead species separately.

Steelhead can be divided into two basic run-types: the stream-maturing type, or summer
steelhead and the ocean-maturing type, or winter steelhead. The stream-maturing type or
summer steelhead enters fresh water in a sexually immature condition. It requires several
months in freshwater to mature and spawn. The ocean-maturing type or winter steelhead
enters freshwater with well-developed gonads and spawns shortly after river entry.
Variations in migration timing exist between populations. Some river basins have both

summer and winter steelhead, while others only have one run-type.

Summer steelhead enter freshwater between May and October in the Pacific Northwest
(Nickelsen, Nicholas et al. 1992; Busby, Wainwright et al. 1996). They require cool,
deep holding pools during summer and fall, prior to spawning (Nickelsen, Nicholas et al.

1992). They migrate inland toward spawning areas, overwinter in the larger rivers,
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resume migration in early spring to natal streams, and then spawn (Meehan and Bjornn
1991; Nickelsen, Nicholas et al. 1992) in January and February (Barnhart 1986). Winter
steelhead enter freshwater between November and April in the Pacific Northwest
(Nickelsen, Nicholas et al. 1992; Busby, Wainwright et al. 1996), migrate to spawning
areas, and then spawn, generally in April and May (Barnhart 1986). Some adults,
however, do not enter some coastal streams until spring, just before spawning (Meehan

and Bjornn 1991).

There is a high degree of overlap in spawn timing between populations regardless of run
type (Busby, Wainwright et al. 1996). Difficult field conditions at that time of year and
the remoteness of spawning grounds contribute to the relative lack of specific information
on steelhead spawning. Unlike Pacific salmon, steelhead are iteroparous, or capable of
spawning more than once before death (Busby, Wainwright et al. 1996), although
steelhead rarely spawn more than twice before dying; most that do so are females
(Nickelsen, Nicholas et al. 1992). Iteroparity is more common among southern steelhead

populations than northern populations (Busby, Wainwright et al. 1996).

After two to three weeks, in late spring, and following yolk sac absorption, alevins
emerge from the gravel and begin actively feeding. After emerging from the gravel, fry
usually inhabit shallow water along banks of perennial streams. Fry occupy stream
margins (Nickelsen, Nicholas et al. 1992). Summer rearing takes place primarily in the
faster parts of pools, although young-of-the-year are abundant in glides and riffles.
Winter rearing occurs more uniformly at lower densities across a wide range of fast and
slow habitat types. Some older juveniles move downstream to rear in larger tributaries

and mainstem rivers (Nickelsen, Nicholas et al. 1992).

Juvenile steelhead migrate little during their first summer and occupy a range of habitats
featuring moderate to high water velocity and variable depths (Bisson, Sullivan et al.
1988). Juvenile steelhead feed on a wide variety of aquatic and terrestrial insects
(Chapman and Bjornn 1969), and older juveniles sometimes prey on emerging fry.

Steelhead hold territories close to the substratum where flows are lower and sometimes
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counter to the main stream; from these, they can make forays up into surface currents to
take drifting food (Kalleberg 1958). Juveniles rear in freshwater from one to four years,
then smolt and migrate to the ocean in March and April (Barnhart 1986). Winter
steelhead juveniles generally smolt after two years in freshwater (Busby, Wainwright et
al. 1996). Juvenile steelhead tend to migrate directly offshore during their first summer
from whatever point they enter the ocean rather than migrating along the coastal belt as
salmon do. During the fall and winter, juveniles move southward and eastward (Hartt
and Dell 1986) op. cit. (Nickelsen, Nicholas et al. 1992). Steelhead typically reside in
marine waters for two or three years prior to returning to their natal stream to spawn as
four or five year olds. Juvenile salmonids rely on a variety of non-main channel habitats
that are critical to rearing. All listed salmonids use shallow, low flow habitats at some
point in their life cycle. Examples of off-channel habitat include alcoves, channel edge
sloughs, overflow channels, backwaters, terrace tributaries, off-channel dredge ponds,

and braids (Anderson 1999; Swift III 1979).
Status and Trends

Steelhead, like the other salmon discussed previously, survive only in aquatic ecosystems
and, therefore, depend on the quantity and quality of those aquatic systems. Steelhead,
like the other salmon NMFS has listed, have declined under the combined effects of
overharvests in fisheries; competition from fish raised in hatcheries and native and nonl
native exotic species; dams that block their migrations and alter river hydrology; gravel
mining that impedes their migration and alters the hydrogeomorphology of the rivers and
streams that support juveniles; water diversions that deplete water levels in rivers and
streams; destruction or degradation of riparian habitat that increase water temperatures in
rivers and streams sufficient to reduce the survival of juvenile chum salmon; and land use
practices (logging, agriculture, urbanization) that destroy wetland and riparian
ecosystems. These same activities and features introduce sediment, nutrients, biocides,
metals, and other pollutants into surface and ground water and degrade water quality in

the freshwater, estuarine, and coastal ecosystems throughout the Pacific Northwest.
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Central California Coast Steelhead

Distribution

The Central California Coast (CCC) steelhead DPS includes all naturally spawned
anadromous O. mykiss (steelhead) populations below natural and manmade impassable
barriers in California streams from the Russian River (inclusive) to Aptos Creek
(inclusive), and the drainages of San Francisco, San Pablo, and Suisun Bays eastward to
Chipps Island at the confluence of the Sacramento and San Joaquin Rivers (Figure 24).
Tributary streams to Suisun Marsh including Suisun Creek, Green Valley Creek, and an
unnamed tributary to Cordelia Slough (commonly referred to as Red Top Creek),
excluding the Sacramento-San Joaquin River Basin, as well as two artificial propagation
programs: the Don Clausen Fish Hatchery, and Kingfisher Flat Hatchery/ Scott Creek
(Monterey Bay Salmon and Trout Project) steelhead hatchery programs. Table 18
identifies populations within the CCC Steelhead salmon ESU, their abundances, and
hatchery input.

Table 18. CCC Steelhead salmon populations, abundances, and hatchery contributions
(Good, Waples et al. 2005).

_ Historical Most Recent Hatchery

Basin Abundance Spawner Abur_\dal?ce

Abundance Contributions
Russian River 65,000 (1970) 1,750-7,000 (1994) Unknown
Lagunitas Unknown 400-500 (1990s) Unknown
San Gregorio 1,000 (1973) Unknown Unknown
Waddell Creek 481 150 (1994) Unknown
Scott Creek Unknown <100 (1991) Unknown
San Vicente Creek 150 (1982) 50 (1994) Unknown
San Lorenzo River 20,000 <150 (1994) Unknown
Soquel Creek 500-800 (1982) <100 (1991) Unknown
Aptos Creek 200 (1982) 50-75 (1994) Unknown
Total 94,000 2,400-8,125

Life History

Only winter steelhead are found in this DPS and those to the south. Migration and spawn
timing are similar to adjacent steelhead populations. There is little other life history

information for steelhead in this DPS.
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Status and Trends

The CCC steelhead DPS was listed as a threatened species on August 18, 1997(62 FR
43937). Its threatened status was reaffirmed on January 5, 2006 (71 FR 834). Busby et
al. (1996) reported one estimate of historical (pre-1960s) abundance. Shapovalov and
Taft (1954) described an average of about 500 adults in Waddell Creek (Santa Cruz
County) for the 1930s and early 1940s. Johnson (1964) estimated a run size of 20,000
steelhead in the San Lorenzo River before 1965. The CDFG (1965) estimated an average
run size of 94,000 steelhead for the entire DPS, for the period 1959-1963. The analysis
by CDFG (1965) was compromised for many basins, as the data did not exist for the full
S-year analytical period. The authors of CDFG (1965) state that “estimates given here
which are based on little or no data should be used only in outlining the major and critical

factors of the resource.”

Recent data for the Russian and San Lorenzo rivers (Reavis 1991; CDFG 1994; Shumann
1994) suggested that these basins had populations smaller than 15% of their size 30 years
earlier. These two basins were thought to have originally contained the two largest

steelhead populations in the CCC steelhead ESU.

A status review update in 1997 (Gustafson, Wainwright et al. 1997) concluded that slight
increases in abundance occurred in the three years following the status review. However,
the analyses on which these conclusions were based had various problems. They include
the inability to distinguish hatchery and wild fish, unjustified expansion factors, and
variance in sampling efficiency on the San Lorenzo River. Presence-absence data
indicated that most (82%) sampled streams (a subset of all historical steelhead streams)

had extant populations of juvenile O. mykiss (Adams 2000; Good, Waples et al. 2005).

The majority (69%) of BRT votes were for “likely to become endangered,” and another
25% were for “in danger of extinction”. Abundance and productivity were of relatively
high concern (as a contributing factor to risk of extinction), and spatial structure was also

of concern. Predation by pinnipeds at river mouths and during the ocean phase was noted
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as a recent development posing significant risk. There were no time-series data for the
CCC steelhead DPS. A variety of evidence suggested the ESU’s largest run (the Russian
River winter steelhead run) has been, and continues to be, reduced in size. Concern was
also expressed about populations in the southern part of the DPS’s range—notably those

in Santa Cruz County and the South Bay area (Good, Waples et al. 2005).
Critical Habitat

Critical habitat was designated for the CCC steelhead DPS on September 2, 2005 (70 FR
52488), and includes areas within the following hydrologic units: Russian River,
Bodega, Marin Coastal, San Mateo, Bay Bridges, Santa Clara, San Pablo, Big Basin.
Refer to the final rule for a more detailed description of critical habitat, including a map

for each hydrologic unit.

California Central Valley Steelhead

Distribution

California CV steelhead occupy the Sacramento and San Joaquin Rivers and its

tributaries (Figure 25).
Life History

California CV steelhead are considered winter steelhead by the CDFG, although “three
distinct runs,” including summer steelhead, may have occurred there as recently as
1947(CDFG 1995; McEwan and Jackson 1996). Steelhead within this DPS have the
longest freshwater migration of any population of winter steelhead. There is essentially a
single continuous run of steelhead in the upper Sacramento River. River entry ranges
from July through May, with peaks in September and February. Spawning begins in late

December and can extend into April (McEwan and Jackson 1996).
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Status and Trends

California CV steelhead were listed as threatened on March 19, 1998. Their
classification was retained following a status review on January 5, 2006 (71 FR 834).
This DPS consists of steelhead populations in the Sacramento and San Joaquin River
(inclusive of and downstream of the Merced River) basins in California’s CV. Steelhead
historically were well distributed throughout the Sacramento and San Joaquin Rivers
(Busby, Wainwright et al. 1996). Steelhead were found from the upper Sacramento and
Pit River systems (now inaccessible due to Shasta and Keswick Dams), south to the
Kings and possibly the Kern River systems (now inaccessible due to extensive alteration
from water diversion projects), and in both east- and west-side Sacramento River
tributaries (Yoshiyama, Gerstung et al. 1996). The present distribution has been greatly
reduced (McEwan and Jackson 1996). The California Advisory Committee on Salmon
and Steelhead (1988) reported a reduction of steelhead habitat from 6,000 miles
historically to 300 miles today. Historically, steelhead probably ascended Clear Creek
past the French Gulch area, but access to the upper basin was blocked by Whiskeytown
Dam in 1964 (Yoshiyama, Gerstung et al. 1996). Steelhead also occurred in the upper
drainages of the Feather, American, Yuba, and Stanislaus Rivers which are now

inaccessible (McEwan and Jackson 1996; Yoshiyama, Gerstung et al. 1996).

Historic CV steelhead run size is difficult to estimate given limited data, but may have
approached one to two million adults annually (McEwan 2001). By the early 1960s, the
steelhead run size had declined to about 40,000 adults (McEwan 2001). Over the past 30
years, the naturally spawned steelhead populations in the upper Sacramento River have
declined substantially. Hallock et al. (1961) estimated an average of 20,540 adult
steelhead in the Sacramento River, upstream of the Feather River, through the 1960s.
Steelhead counts at Red Bluff Diversion Dam declined from an average of 11,187 for the
period of 1967 to 1977, to an average of approximately 2,000 through the early 1990s,
with an estimated total annual run size for the entire Sacramento-San Joaquin system,

based on Red Bluff Diversion Dam counts, to be no more than 10,000 adults (McEwan
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and Jackson 1996; McEwan 2001). Steelhead escapement surveys at Red Bluff

Diversion Dam ended in 1993 due to changes in dam operations.

The only consistent data available on steelhead numbers in the San Joaquin River basin
come from CDFG mid-water trawling samples collected on the lower San Joaquin River
at Mossdale. These data indicate a decline in steelhead numbers in the early 1990s,
which have remained low through 2002 (CDFG 2003). In 2004, a total of 12 steelhead
smolts were collected at Mossdale (CDFG unpublished data).

Existing wild steelhead stocks in the CV are mostly confined to the upper Sacramento
River and its tributaries, including Antelope, Deer, and Mill Creeks and the Yuba River.
Populations may exist in Big Chico and Butte Creeks. A few wild steelhead are produced

in the American and Feather Rivers (McEwan and Jackson 1996).

Snorkel surveys from 1999 to 2002 indicate that steelhead are present in Clear Creek (J.
Newton, FWS, pers. comm. 2002, as reported in Good et al. (2005). Because of the large
resident O. mykiss population in Clear Creek, steelhead spawner abundance has not been

estimated.

Until recently, steelhead were thought to be extirpated from the San Joaquin River
system. Recent monitoring has detected small self-sustaining populations of steelhead in
the Stanislaus, Mokelumne, Calaveras, and other streams previously thought to be void of
steelhead (McEwan 2001). On the Stanislaus River, steelhead smolts have been captured
in rotary screw traps at Caswell State Park and Oakdale each year since 1995 (Demko

and Cramer 2000). It is possible that naturally spawning populations exist in many other
streams. However, these populations are undetected due to lack of monitoring programs

(IEPSPWT 1999).
The majority (66%) of BRT votes was for “in danger of extinction,” and the remainder

was for “likely to become endangered”. Abundance, productivity, and spatial structure

were of highest concern. Diversity considerations were of significant concern. The BRT
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was concerned with what little new information was available and indicated that the
monotonic decline in total abundance and in the proportion of wild fish in the California

CV steelhead ESU was continuing.
Critical Habitat

Critical habitat was designated for this species on September 2, 2005. The critical habitat
designation for this DPS identifies PCEs that include sites necessary to support one or
more life stages of steelhead. Specific sites include: (1) Freshwater spawning, (2)
freshwater rearing, (3) freshwater migration, (4) estuarine areas free of obstruction, (5)
nearshore marine areas free of obstructions, and (6) offshore marine areas with good
water quality. The physical or biological features that characterize these sites include

water quality and quantity, natural cover, and adequate forage.

Lower Columbia River Steelhead

Distribution

LCR steelhead DPS includes 23 historical anadromous populations in four MPGs. This
DPS includes naturally-produced steelhead returning to Columbia River tributaries on the
Washington side between the Cowlitz and Wind rivers in Washington and on the Oregon
side between the Willamette and Hood rivers, inclusive (Figure 26). In the Willamette
River, the upstream boundary of this species is at Willamette Falls. This species includes
both winter and summer steelhead. Two hatchery populations are included in this
species, the Cowlitz Trout Hatchery winter-run stock and the Clackamas River stock.
However, neither hatchery population was listed as threatened.

Table 19 identifies populations within the LCR Steelhead salmon DPS, their abundances,
and hatchery input.
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Table 19. LCR Steelhead salmon populations, abundances, and hatchery contributions

(Good, Waples et al. 2005).

_ Historical Most Recent Hatchery
Population Abundance Spawner Abundance
Abundance Contributions
Cispus River Unknown Unknown Unknown
Tilton River Unknown 2,787 ~73%
Upper Cowlitz River Unknown Unknown Unknown
Lower Cowlitz River 1,672 Unknown Unknown
Coweeman River 2,243 466 ~50%
South Fork Toutle River 2,627 504 ~2%
North Fork Toutle River 3,770 196 0%
Kalama River-winter run 554 726 0%
Kalama River-summer run 3,165 474 ~32%
North Fork Lewis River-winter run 713 Unknown Unknown
North Fork Lewis River-summer run Unknown Unknown Unknown
East Fork Lewis River-winter run 3,131 Unknown Unknown
East Fork Lewis River-summer run 422 434 ~25%
Salmon Creek Unknown Unknown Unknown
Washougal River-winter run 2,497 323 0%
Washougal River-summer run 1,419 264 ~8%
Clackamas River Unknown 560 41%
Sandy River Unknown 977 42%
Lower Columbia gorge tributaries 793 Unknown Unknown
Upper Columbia gorge tributaries 243 Unknown Unknown
Hood River-winter run Unknown 756 ~52%
Hood River-summer run Unknown 931 ~83%
Wind River 2,288 472 ~5%
Total 25,537 (min) 9,870 (min)
Life History

Summer steelhead return to freshwater from May to November, entering the Columbia

River in a sexually immature condition and requiring several months in freshwater before

spawning. Winter steelhead enter freshwater from November to April. They are close to

sexual maturation and spawn shortly after arrival in their natal stream. Where both races

spawn in the same stream, summer steelhead tend to spawn at higher elevations than the

winter forms. Juveniles rear in freshwater (stream-type life history).

Status and Trends

LCR steelhead were listed as threatened on March 19, 1998 (63 FR 13347), and

reaffirmed as threatened on January 5, 2006 (71 FR 834). The 1998 status review noted

that this ESU is characterized by populations at low abundance relative to historical

levels, significant population declines since the mid-1980s, and widespread occurrence of
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hatchery fish in naturally-spawning steelhead populations. During this review NMFS

was unable to identify any natural populations that would be considered at low risk.

All populations declined from 1980 to 2000, with sharp declines beginning in 1995.
Historical counts in some of the larger tributaries (Cowlitz, Kalama, and Sandy Rivers)
suggest the population probably exceeded 20,000 fish. During the 1990s, fish abundance
dropped to 1,000 to 2,000 fish. Recent abundance estimates of natural-origin spawners
range from completely extirpated for some populations above impassable barriers to over
700 for the Kalama and Sandy winter-run populations. A number of the populations have
a substantial fraction of hatchery-origin spawners in spawning areas. These populations
are hypothesized to be sustained largely by hatchery production. Exceptions are the
Kalama, the Toutle, and East Fork Lewis winter-run populations. These populations
have relatively low recent mean abundance estimates with the largest being the Kalama

(geometric mean of 728 spawners).

According to Good et al. (2005), most populations are at relatively low abundance.
Those with adequate data for modeling are estimated to have a relatively high extinction
probability. Some populations, particularly summer run, have shown higher return in the
last two to three years. Many of the long-and short-term trends in abundance of
individual populations are negative, some severely so. The trend in natural spawners is
<1; indicating the population is not replacing itself and in decline. Spatial structure has
been substantially reduced by the loss of access to the upper portions of some basins due
to tributary hydro development. Finally, a number of the populations have a substantial
fraction of hatchery-origin spawners. Exceptions are the Kalama, North and South Fork
Toutle, and East Fork Lewis winter-run populations, which have few hatchery fish

spawning in natural spawning areas.
Over 73% of the BRT votes for this species fell in the “likely to become endangered”

category. There were small minorities falling in the “danger of extinction” and “not

likely to become endangered” categories. The BRT found moderate risks in all VSP
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categories, with mean risk matrix scores ranging from moderately low for spatial

structure to moderately high for abundance and productivity (population growth rate).
Critical Habitat

Critical habitat was designated for this species on September 2, 2005 (70 FR 52488).

The critical habitat designation for this DPS identifies PCEs that include sites necessary
to support one or more steelhead life stages. Specific sites include: (1) Freshwater
spawning, (2) freshwater rearing, (3) freshwater migration, (4) estuarine areas free of
obstruction, (5) nearshore marine areas free of obstructions, and (6) offshore marine areas
with good water quality. The physical or biological features that characterize these sites
include water quality and quantity, natural cover, forage, adequate passage conditions,

and floodplain connectivity.

Of 47 subbasins reviewed in NMFS’ assessment of critical habitat for the LCR steelhead,
34 subbasins were rated as having a high conservation value. Eleven subbasins were
rated as having a medium value and two were rated as having a low value to the
conservation of the DPS. Limiting factors identified for LCR steelhead include: (1)
Degraded floodplain and steam channel structure and function, (2) reduced access to
spawning/rearing habitat, (3) altered streamflow in tributaries, (4) excessive sediment and
elevated water temperatures in tributaries, and (5) hatchery impacts (NMFS 2005b). The
above conditions also introduce sediment, nutrients, biocides, metals, and other pollutants
into surface and ground water and degrade water quality in the freshwater, estuarine, and

coastal ecosystems throughout the Pacific Northwest.
Middle Columbia River Steelhead
Distribution

Middle Columbia River (MCR) steelhead DPS includes anadromous populations in
Oregon and Washington subbasins upstream of the Hood and Wind River systems to and
including the Yakima River (Figure 27). There are four MPGs with 17 populations in
this DPS. Steelhead from the SR Basin (described elsewhere) are excluded. This
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species includes the only populations of inland winter steelhead in the U.S., in the

Klickitat River and Fifteenmile Creek (Busby, Wainwright et al. 1996).

Two hatchery populations are considered part of this species, the Deschutes River stock
and the Umatilla River stock. Listing for neither of these stocks was considered
warranted. MCR steelhead occupy the intermontane region which includes some of the
driest areas of the Pacific Northwest, generally receiving less than 15.7 inches of rainfall
annually. Vegetation is of the shrub-steppe province, reflecting the dry climate and harsh
temperature extremes. Because of this habitat, occupied by the species, factors
contributing to the decline include agricultural practices, especially grazing, and water
diversions and withdrawals. In addition, hydropower development has impacted the
species by preventing these steelhead from migrating to habitat above dams, and by
killing some of them when they try to migrate through the Columbia River hydroelectric
system. Table 20 identifies populations within the MCR Steelhead salmon DPS, their

abundances, and hatchery input.

Table 20. MCR Steelhead salmon populations, abundances, and hatchery contributions
(Good, Waples et al. 2005).

_ Historical Most Recent Hatchery
Population Abundance Spawner Abundance
Abundance Contributions
Klickitat River Unknown 97-261 reds Unknown
Yakima River Unknown 1,058-4,061 97%
Fifteenmile Creek Unknown 2.87 rpm 100%
Deschutes River Unknown 10,026-21,457 38%
John Day upper main stream Unknown 926-4,168 96%
John Day lower main stream Unknown 1.4 rpm 0%
John Day upper north fork Unknown 2.57 rpm 0%
John Day lower north fork Unknown .52 rpm 0%
John Day middle fork Unknown 3.7 rpm 0%
John Day south fork Unknown 2.52 rpm 0%
Umatilla River Unknown 1,480-5,157 60%
Touchet River Unknown 273-527 84%
Total Unknown
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Life History

Most MCR steelhead smolt at two years and spend one to two years in saltwater prior to
re-entering freshwater. Here they may remain up to a year prior to spawning (Howell,
Jones et al. 1985). Within this ESU, the Klickitat River is unusual as it produces both
summer and winter steelhead. The summer steelhead are dominated by age two ocean
steelhead. Most other rivers in this region produce about equal numbers of both age one

and two ocean steelhead.
Status and Trends

MCR steelhead were listed as threatened in 1999 (64 FR 14517), and their status was
reaffirmed on January 5, 2006 (71 FR 834). The ICBTRT (2003) identified 15
populations in four MPGs (Cascades Eastern Slopes Tributaries, John Day River, the
Walla Walla and Umatilla Rivers, and the Yakima River) and one unaffiliated
independent population (Rock Creek) in this species. There are two extinct populations
in the Cascades Eastern Slope MPG: the White Salmon River and Deschutes Crooked

River above the Pelton/Round Butte Dam complex.

Seven hatchery steelhead programs are considered part of the MCR steelhead species.
These programs propagate steelhead in three of 16 populations and improve kelt survival
in one population. No artificial programs produce the winter-run life history in the
Klickitat River and Fifteenmile Creek populations. All of the MCR steelhead hatchery
programs are designed to produce fish for harvest. However, two hatchery programs are
also implemented to augment the naturally spawning populations in the basins where the
fish are released. The NMFS assessment of the effects of artificial propagation on MCR
steelhead extinction risk concluded that these hatchery programs collectively do not
substantially reduce the extinction risk. Artificial propagation increases total species
abundance, principally in the Umatilla and Deschutes Rivers. The kelt reconditioning
efforts in the Yakima River do not augment natural abundance and benefit the survival of
the natural populations. The Touchet River Hatchery program has only recently been
established, and its contribution to species viability is uncertain. The hatchery programs

affect a small proportion of the species. Collectively, artificial propagation programs
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provide a slight beneficial effect to species abundance and have neutral or uncertain

effects on species productivity, spatial structure, and diversity.

The precise pre-1960 abundance of this species is unknown. However, historic run
estimates for the Yakima River imply that annual species abundance may have exceeded
300,000 returning adults (Busby, Wainwright et al. 1996). MCR steelhead run estimates
between 1982 and 2004 were calculated by subtracting adult counts for Lower Granite
and Priest Rapids Dams from those at Bonneville Dam. The five year average (geometric
mean) return of natural MCR steelhead for 1997 to 2001 was up from previous years’
basin estimates. Returns to the Yakima River, the Deschutes River, and sections of the
John Day River system were substantially higher compared to 1992 to 1997 (Good,
Waples et al. 2005). Yakima River returns are still substantially below interim target
levels of 8,900 (the current five year average is 1,747 fish) and estimated historical return
levels, with the majority of spawning occurring in one tributary, Satus Creek (Berg
2001). The recent five year geometric mean return of the natural-origin component of the
Deschutes River run exceeded interim target levels (Good, Waples et al. 2005). Recent
five year geometric mean annual returns to the John Day River basin are generally below
the corresponding mean returns reported in previous status reviews. However, each
major production area in the John Day system has shown upward trends since the 1999
return year (Good, Waples et al. 2005). The Touchet and Umatilla are below their
interim abundance targets of 900 and 2,300, respectively. The five year average for these

basins is 298 and 1,492 fish, respectively (Good, Waples et al. 2005).

As per the FCRPS (2008), during the most recent 10-year period (for which trends in
abundance could be estimated), trends were positive for approximately half of the
populations and negative for the remainder. On average, when only natural production is
considered, most of the MCR steelhead populations have replaced themselves. The
ICBTRT characterizes the diversity risk to all but one MCR steelhead population as
“low” to “moderate”. The Upper Yakima is rated as having “high” diversity risk because

of introgression with resident O. mykiss and the loss of presmolt migration pathways.
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Critical Habitat

Critical habitat was designated for this species on September 2, 2005 (70 FR 52488).
The critical habitat designation for this DPS identifies PCEs that include sites necessary
to support one or more life stages of steelhead. MCR steelhead have PCEs of: (1)
freshwater spawning, (2) freshwater rearing, (3) freshwater migration, (4) estuarine areas
free of obstruction, (5) nearshore marine areas free of obstructions, and (6) offshore
marine areas with good water quality. The physical or biological features that
characterize these sites include water quality and quantity, natural cover, forage, and
adequate passage conditions. Although pristine habitat conditions are still present in
some wilderness, roadless, and undeveloped areas, habitat complexity has been greatly
reduced in many areas of designated critical habitat for MCR steelhead. Limiting factors
identified for MCR steelhead include: (1) Hydropower system mortality; (2) reduced
stream flow; (3) impaired passage; (4) excessive sediment; (5) degraded water quality;

and (6) altered channel morphology and floodplain.

Northern California Steelhead

Distribution

Northern California steelhead includes steelhead in CC river basins from Redwood Creek
south to the Gualala River, inclusive (Figure 28). Table 21 identifies populations within

the Northern California Steelhead salmon ESU, their abundances, and hatchery input.
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Table 21. Northern California Steelhead salmon populations, abundances, and hatchery
contributions (Good, Waples et al. 2005).

_ Historical Most Recent Hatchery

River Abundance Spawner Abur.Idar.Ice

Abundance Contributions
Redwood Creek 10,000 Unknown Unknown
Mad River 6,000 162-384 Unknown
Eel River 82,000 3,127-21,903 Unknown
Mattole River 12,000 Unknown Unknown
Ten Mile River 9,000 Unknown Unknown
Noyo River 8,000 Unknown Unknown
Big River 12,000 Unknown Unknown
Navarro River 16,000 Unknown Unknown
Garcia River 4,000 Unknown Unknown
Gualala River 16,000 Unknown Unknown
Other Humboldt County streams 3,000 Unknown Unknown
Other Mendocino County streams 20,000 Unknown Unknown
Total 198,000 Unknown
Life History

Steelhead within this DPS include winter and summer steelhead. Half-pounder juveniles

occur in the Mad and Eel Rivers. Half-pounders are immature steelhead that returns to

freshwater after only two to four months in the ocean, and generally overwinter in

freshwater. These juveniles then outmigrate in the following spring.

Status and Trends

NC steelhead were listed as threatened on June 7, 2000 (65 FR 36074). They retained

that classification following a status review on January 5, 2006 (71 FR 834). Long-term
data sets are limited for this NC steelhead. Before 1960, estimates of abundance specific
to this DPS were available from dam counts in the upper Eel River (Cape Horn Dam—
annual avg. no. adults was 4,400 in the 1930s), the South Fork Eel River (Benbow Dam—
annual avg. no. adults was 19,000 in the 1940s), and the Mad River (Sweasey Dam—
annual avg. no. adults was 3,800 in the 1940s). Estimates of steelhead spawning

populations for many rivers in this DPS totaled 198,000 by the mid-1960s.
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During the first status review on this population, adult escapement trends could be
computed on seven populations. Five of the seven populations exhibited declines while
two exhibited increases with a range of almost 6% annual decline to a 3.5% increase. At
the time little information was available on the actual contribution of hatchery fish to
natural spawning, and on present total run sizes for the DPS (Busby, Wainwright et al.

1996).

More recent time series data are from snorkel counts conducted on summer-run steelhead
in the Middle Fork Eel River. An estimate of lambda over the interval 1966 to 2002 was
made and a random-walk with drift model fitted using Bayesian assumptions. Good et al.
(2005) estimated lambda at 0.98 with a 95% confidence interval of 0.93 and 1.04. The
result is an overall downward trend in both the long- and short- term. Juvenile data were
also recently examined. Both upward and downward trends were apparent (Good,
Waples et al. 2005). The majority (74%) of BRT votes were for “likely to become
endangered,” with the remaining votes split equally between “in danger of extinction”

and “not warranted”.
Critical Habitat

Critical habitat was designated for NC steelhead on September 2, 2005 (70 FR 52488).
The critical habitat designation for this DPS identifies PCEs that include sites necessary
to support one or more life stages of steelhead. Specific sites include: (1) freshwater
spawning, (2) freshwater rearing, (3) freshwater migration, (4) estuarine areas free of
obstruction, (5) nearshore marine areas free of obstructions, and (6) offshore marine areas
with good water quality. The physical or biological features that characterize these sites

include water quality and quantity, natural cover, and adequate forage.

Puget Sound Steelhead

Distribution

Puget Sound steelhead occupy river basins of the Strait of Juan de Fuca, Puget Sound,
and Hood Canal, Washington. Included are river basins as far west as the Elwha River

and as far north as the Nooksack River (Figure 29). Puget Sound's fjord-like structure
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may affect steelhead migration patterns. For example, some populations of coho and
Chinook salmon, at least historically, remained within Puget Sound and did not migrate
to the Pacific Ocean. Even when Puget Sound steelhead migrate to the high seas, they
may spend considerable time as juveniles or adults in the protected marine environment
of Puget Sound. This is a feature not readily accessible to steelhead from other areas of
the Pacific Northwest. The species is primarily composed of winter steelhead but
includes several stocks of summer steelhead, usually in subbasins of large river systems

and above seasonal hydrologic barriers.
Life History

Life history attributes of Puget Sound steelhead (migration and spawn timing, smolt age,
ocean age, and total age at first spawning) appear similar to those of other west coast

steelhead. Ocean age for Puget Sound summer steelhead varies among populations.
Status and Trends

Puget Sound steelhead were listed as a threatened species on May 11, 2007 (72 FR
26722). Run size for this DPS, was calculated in the early 1980s at about 100,000
winter-run fish and 20,000 summer-run fish. It is unclear what portion were hatchery
fish. However, a combined estimate with coastal steelhead suggested that roughly 70%
of steelhead in ocean runs were of hatchery origin. The percentage in escapement to
spawning grounds would be substantially lower due to differential harvest and hatchery
rack returns. By the 1990s, total run size for four major stocks exceeded 45,000, roughly

half of which was natural escapement.

Nehlsen et al. (1991) identified nine Puget Sound steelhead stocks at some degree of risk
or concern. The WDFW et al. (1993) estimated that 31 of 53 stocks were of native origin
and predominantly natural production. The WDFW assessment of the status of these 31
stocks was 11 healthy, three depressed, one critical, and 16 of unknown status. Their
assessment of the status of the remaining (not native/natural) stocks was three healthy, 11

depressed, and eight of unknown status.
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Of the 21 populations in the Puget Sound ESU reviewed by Busby et al. (1996), 17 had
declining and four had increasing trends, with a range from 18% annual decline (Lake
Washington winter-run steelhead) to 7% annual increase (Skykomish River winter-run
steelhead). Eleven of these trends (nine negative, two positive) were significantly
different from zero. These trends were for the late-run naturally produced component of
winter-run steelhead populations. No adult trend data were available for summer-run
steelhead. Most of these trends were based on relatively short data series. The Skagit
and Snohomish River winter-run populations have been approximately three to five times
larger than the other populations in the DPS, with average annual spawning of
approximately 5,000 and 3,000 total adult spawners, respectively. These two basins
exhibited modest overall upward trends at the time of the Busby et al. (1996) report.
Busby et al. (1996) estimated five-year average natural escapements for streams with
adequate data range from less than 100 to 7,200, with corresponding total run sizes of

550 to 19,800.
Critical Habitat

Critical habitat is not currently designated for Puget Sound steelhead. However, factors

for essential habitat are under evaluation to designate future critical habitat.

Snake River Steelhead

Distribution

SR Basin steelhead is an inland species that occupies the SR basin of Idaho, northeast
Oregon, and southeast Washington. The SR Basin steelhead species includes all
naturally spawned populations of steelhead (and their progeny) in streams in the SR
Basin of Idaho, northeast Oregon, and southeast Washington SR Basin steelhead do not
include resident forms of O. mykiss (rainbow trout) co-occurring with these steelhead.
The historic spawning range of this species included the Salmon, Pahsimeroi, Lembhi,

Selway, Clearwater, Wallowa, Grande Ronde, Imnaha, and Tucannon Rivers.

Managers classify up-river summer steelhead runs into two groups based on ocean age

and adult size upon return to the Columbia River. A-run steelhead are predominately
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age-one-ocean fish. B-run steelhead are larger, predominated by age-two-ocean fish. A-
run populations are found in the tributaries to the lower Clearwater River, the upper
Salmon River and its tributaries, the lower Salmon River and its tributaries, the Grand
Ronde River, Imnaha River, and possibly the SR’s mainstem tributaries below Hells
Canyon Dam. B-run steelhead occupy four major subbasins. They include two on the
Clearwater River (Lochsa and Selway) and two on the Salmon River (Middle Fork and
South Fork Salmon); areas not occupied by A-run steelhead. Some natural B-run
steelhead are also produced in parts of the mainstem Clearwater and its major tributaries.
There are alternative escapement objectives of 10,000 (Columbia River Fisheries
Management Plan) and 31,400 (Idaho) for B-run steelhead. B-run steelhead represent at
least one-third and as much as three-fifths of the production capacity of the DPS. Table
22 identifies populations within the SR Basin Steelhead salmon ESU, their abundances,
and hatchery input.

Table 22. SR Basin Steelhead salmon populations, abundances, and hatchery
contributions (Good, Waples et al. 2005). Note: rpm denotes redds per mile.

_ Historical Most Recent Hatchery
River Abundance Spawner Abundance
Abundance Contributions
Tucannon River 3,000 257-628 26%
Lower Granite run Unknown 70,721-259,145 86%
Snake A run Unknown 50,974-25,950 85%
Snake B run Unknown 9,736-33,195 89%
Asotin Creek Unknown 0-543 redds Unknown
Upper Grande Ronde River 15,000 1.54 rpm 23%
Joseph Creek Unknown 1,077-2,385 0%
Imnaha River 4,000 3.7 rpm 20%
Camp Creek Unknown 55-307 0%
Total 22,000 (min) ?
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Figure 30. SR Basin Steelhead distribution. Land Cover Class Legend in Figure 7.
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Life History

SR Basin steelhead occupy habitat that is considerably warmer and drier (on an annual
basis) than other steelhead DPSs. SR Basin steelhead are generally classified as summer
run, based on their adult run timing pattern. Sexually immature adult SR Basin summer
steelheads enter the Columbia River from late June to October. SR Basin steelhead
returns consist of A-run fish that spend one year in the ocean, and larger B-run fish that
spend two years at sea. Adults typically migrate upriver until they reach tributaries from
1,000 to 2,000 m above sea level where they spawn between March and May of the
following year. Unlike other anadromous members of the Oncorhynchus genus, some
adult steelhead survive spawning, return to the sea, and later return to spawn a second
time. After hatching, juvenile SR Basin steelhead typically spend two to three years in

fresh water before they smolt and migrate to the ocean.
Status and Trends

SR Basin steelhead were listed as threatened in 1997 (62 FR 43937). Their classification
status was reaffirmed following a status review on January 5, 2006 (71 FR 834). The
ICBTRT (2003) identified 23 populations in the following six MPGs: Clearwater River,
Grande Ronde River, Hells Canyon, Imnaha River, Lower SR, and Salmon River. SR
Basin steelhead remain spatially well distributed in each of the six major geographic
areas in the SR basin (Good, Waples et al. 2005). Environmental conditions are
generally drier and warmer in these areas than in areas occupied by other steelhead
species in the Pacific Northwest. SR Basin steelhead were blocked from portions of the
upper SR beginning in the late 1800s and culminating with the construction of Hells
Canyon Dam in the 1960s. The SR Basin steelhead “B run” population-levels remain
particularly depressed. The ICBTRT has not completed a viability assessment for SR

Basin steelhead.
Limited information on adult spawning escapement for specific tributary production areas

for SR Basin steelhead made a quantitative assessment of viability difficult. Annual

return estimates are limited to counts of the aggregate return over Lower Granite Dam,
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and spawner estimates for the Tucannon, Grande Ronde, and Imnaha Rivers. The 2001
return over Lower Granite Dam was substantially higher relative to the low levels seen in
the 1990s; the recent five-year mean abundance (14,768 natural returns) was
approximately 28% of the interim recovery target level. The 10-year average for natural-
origin steelhead passing Lower Granite Dam between 1996 and 2005 is 28,303 adults.
Parr densities in natural production areas, which are another indicator of population
status, have been substantially below estimated capacity for several decades. The SR
supports approximately 63% of the total natural-origin production of steelhead in the
Columbia River Basin. The current condition of SR Basin steelhead (Good, Waples et al.

2005) is summarized below:

There is uncertainty for wild populations given limited data for adult spawners in
individual populations. Dam counts are currently 28% of interim recovery target for the
SR Basin (52,000 natural spawners). Only the Joseph Creek population exceeds the
interim recovery target. Regarding population growth rate, there are mixed long- and
short-term trends in abundance and productivity. Regarding spatial structure, the SR
Basin steelhead are well distributed with populations remaining in six major areas.
However, the core area for B-run steelhead, once located in the North Fork of the
Clearwater River, is now inaccessible to steelhead. Finally, genetic diversity is affected
by the displacement of natural fish by hatchery fish (declining proportion of natural-
origin spawners). Homogenization of hatchery stocks occurs within basins, and some

stocks exhibit high stray rates.
Critical Habitat

Critical habitat was designated for this species on September 2, 2005 (70 FR 52488).

The critical habitat designation for this ESU identifies PCEs that include sites necessary
to support one or more steelhead life stages. Specific sites include: (1) Freshwater
spawning, (2) freshwater rearing, (3) freshwater migration, (4) estuarine areas free of
obstruction, (5) nearshore marine areas free of obstructions, and (6) offshore marine areas

with good water quality.
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Of the 291 fifth order streams reviewed in this DPS, 220 were rated as high, 44 were
rated as medium, and 27 were rated as low conservation value. The physical or
biological features that characterize these sites include water quality and quantity, natural
cover, and adequate forage. Limiting factors identified for SR Basin salmonids include:
(1) Hydrosystem mortality, (2) reduced stream flow, (3) altered channel morphology and
floodplain, (4) excessive sediment, (5) degraded water quality, (6) harvest impacts, and

(7) hatchery impacts (Myers, Kope et al. 1998).

South-Central California Coast Steelhead

Distribution

The South-Central California Coast (S-CCC) steelhead DPS includes all naturally
spawned populations of steelhead (and their progeny) in streams from the Pajaro River

(inclusive) to, but not including the Santa Maria River, California (Figure 31).
Life History

Only winter steelhead are found in this DPS. Migration and spawn timing are similar to
adjacent steelhead populations. There is little other life history information for steelhead

in this DPS.
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Figure 31. S-CCC steelhead distribution. Land Cover Class Legend in Figure 7.
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Status and Trends

S-CCC steelhead were listed as threatened in 1997. Their classification was retained
following a status review on January 5, 2006 (71 FR 834). Historical data on the S-C CC
steelhead DPS are limited. In the mid-1960s, the CDFG estimated the adult population at
about 18,000. We know of no recent estimates of the total DPS. However, five river
systems, the Pajaro, Salinas, Carmel, Little Sur, and Big Sur, indicate that runs are
currently less than 500 adults. Past estimates for these basins were almost 5,000 fish.
Carmel River time series data indicate that the population declined by about 22% per year
between 1963 and 1993 (Good, Waples et al. 2005). From 1991 the population increased
from one adult, to 775 adults at San Clemente Dam. Good et al. (2005) thought that this
recent increase seemed too great to attribute simply to improved reproduction and
survival of the local steelhead population. Other possibilities were considered including
that the substantial immigration or transplantation occurred, or that resident trout
production increased as a result of improved environmental conditions within the basin.
Nevertheless, the majority (68%) of BRT votes were for “likely to become endangered,”

and another 25% were for “in danger of extinction”.
Critical Habitat

Critical habitat was designated for this species on September 2, 2005 (70 FR 52488).

The critical habitat designation for this DPS identifies PCEs that include sites necessary
to support one or more steelhead life stages. Specific sites include: (1) freshwater
spawning, (2) freshwater rearing, (3) freshwater migration, (4) estuarine areas free of
obstruction, (5) nearshore marine areas free of obstructions, and (6) offshore marine areas
with good water quality. The physical or biological features that characterize these sites

include water quality and quantity, natural cover, and adequate forage.

Southern California Steelhead

Distribution

Southern California (SC) steelhead occupy rivers from the Santa Maria River to the U.S.

—Mexico border (Figure 32).
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Figure 32. Southern California steelhead distribution. Land Cover Class Legend in Figure 7.
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Table 23 identifies populations within the Southern California Steelhead salmon ESU,

their abundances, and hatchery input.

Table 23. Southern California Steelhead salmon populations, abundances, and hatchery
contributions (Good, Waples et al. 2005).

. Historical Most Recent Hatchery

River Abundance Spawner Abur_ldar_lce

Abundance Contributions
Santa Ynez River 12,995-30,000 Unknown Unknown
Ventura River 4,000-6,000 Unknown Unknown
Matilija River 2,000-2,500 Unknown Unknown
Creek River Unknown Unknown Unknown
Santa Clara River 7,000-9,000 Unknown Unknown
Total 32,000-46,000 <500

Life History

Migration and life history patterns of SC steelhead are dependent on rainfall and
streamflow (Moore 1980). Steelhead within this DPS can withstand higher temperatures
than populations to the north. The relatively warm and productive waters of the Ventura
River have resulted in more rapid growth of juvenile steelhead than occurs in more
northerly populations (Moore 1980). There is little life history information for steelhead
in this DPS.

Status and Trends

SC steelhead were listed as endangered in 1997 (62 FR 43937). Their classification was
retained following a status review on January 5, 2006 (71 FR 834). In many watersheds
throughout Southern California, dams isolate steelhead from historical spawning and
rearing habitats. Dams also alter the hydrology of the basin (e.g., Twitchell Reservoir
within the Santa Maria River watershed, Bradbury Dam within the Santa Ynez River
watershed, Matilija and Casitas dams within the Ventura River watershed, Rindge Dam
within the Malibu Creek watershed). Based on combined estimates for the Santa Ynez,
Ventura, and Santa Clara rivers, and Malibu Creek, an estimated 32,000 to 46,000 adult
steelhead occupied this DPS. In contrast, less than 500 adults are estimated to occupy the
same four waterways presently. The last estimated run size for steelhead in the Ventura
River, which has its headwaters in Los Padres National Forest, is 200 adults (Busby,

Wainwright et al. 1996). The majority (81%) of the BRT votes were for “in danger of
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extinction,” with the remaining 19% of votes for “likely to become endangered. This was
based on extremely strong concern for abundance, productivity, and spatial concern (as
per the risk matrix); diversity was also of concern. The BRT also expressed concern
about the lack of data on the SC steelhead DPS, including uncertainty on the
metapopulation dynamics in the southern part of the DPS’s range and the fish’s nearly

complete extirpation from the southern part of the range.
Critical Habitat

Critical habitat was designated for this species on September 2, 2005. The designation
identifies PCEs that include sites necessary to support one or more steelhead life stages.
These sites contain the physical or biological features essential for the species
conservation. Specific sites include freshwater spawning sites, freshwater rearing sites,
freshwater migration corridors, and estuarine areas. The physical or biological features
that characterize these sites include water quantity, depth, and velocity, shelter, cover,

living space and passage conditions.

Upper Columbia River Steelhead

Distribution

UCR steelhead occupy the Columbia River Basin upstream from the Yakima River,
Washington, to the border between the U.S. and Canada (Figure 33). This area includes
the Wenatchee, Entiat, and Okanogan Rivers. All UCR steelhead are summer steelhead.
Steelhead primarily use streams of this region that drain the northern Cascade Mountains
of Washington State. This species includes hatchery populations of summer steelhead
from the Wells Hatchery because it probably retains the genetic resources of steelhead
populations that once occurred above the Grand Coulee Dam. This species does not

include the Skamania Hatchery stock because of its non-native genetic heritage.

Abundance estimates of returning naturally produced UCR steelhead have been based on
extrapolations from mainstem dam counts and associated sampling information (e.g.,
hatchery/wild fraction, age composition). The natural component of the annual steelhead

run over Priest Rapids Dam increased from an average of 1,040 (1992-1996),
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representing about 10% of the total adult count, to 2,200 (1997-2001), representing about
17% of the adult count during this period of time (ICBTRT 2003). Table 24 identifies
populations within the UCR Steelhead salmon DPS, their abundances, and hatchery

input.

Table 24. UCR Steelhead salmon populations, abundances, and hatchery contributions
(Good, Waples et al. 2005).

_ Historical Most Recent Hatchery
Population Abundance Spawner Abundance
Abundance Contributions
Wenatchee/Entiat rivers Unknown 1,899-8,036 71%
Methow/Okanogan rivers Unknown 1,879-12,801 91%
Total Unknown 3,778-20,837
Life History

The life history patterns of UCR steelhead are complex. Adults return to the Columbia
River in the late summer and early fall. Most migrate relatively quickly up the mainstem
to their natal tributaries. A portion of the returning run overwinters in the mainstem
reservoirs, passing over the upper-mid-Columbia dams in April and May of the following
year. Spawning occurs in the late spring of the calendar year following entry into the
river. Juvenile steelhead spend one to seven years rearing in freshwater before migrating
to sea. Smolt outmigrations are predominantly age-two and age-three juveniles. Most

adult steelhead return after one or two years at sea, starting the cycle again.

178




124°W 123°W 122°W 121°W 120°W MOW ME“W
1 1 1 1 1 1 1

4g°N -

47N

€  NPDES permit sites
—— EPA 303(d) rivers

- Magratory corridor

457N - e a4 LaP il *-- : r : ' -$ 4”. e, T

118°W
0 30 120 Prepared by Dwayne Meadows

? Kilometers 18 July 2008
Figure 33. UCR Steelhead distribution. Land Cover Class Legend in Figure 7.
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Returns of both hatchery and naturally produced steelhead to the UCR have increased in
recent years. The average 1997 to 2001 return counted through the Priest Rapids fish
ladder was approximately 12,900 fish. The average for the previous five years (1992 to
1996) was 7,800 fish. Abundance estimates of returning naturally produced UCR
steelhead have been based on extrapolations from mainstem dam counts and associated
sampling information (e.g., hatchery/wild fraction, age composition). The natural
component of the annual steelhead run over Priest Rapids Dam increased from an
average of 1,040 (1992-1996), representing about 10% of the total adult count, to 2,200
(1997-2001), representing about 17% of the adult count during this period of time
(ICBTRT 2003).

In terms of natural production, recent population abundances for both the Wenatchee and
Entiat aggregate population and the Methow population remain well below the minimum
abundance thresholds developed for these populations (ICBTRT 2005). A five-year
geometric mean (1997 to 2001) of approximately 900 naturally produced steelhead
returned to the Wenatchee and Entiat rivers (combined). Although this is well below the
minimum abundance thresholds, it represents an improvement over the past (an
increasing trend of 3.4% per year). However, the average percentage of natural fish for
the recent five-year period dropped from 35% to 29%, compared to the previous status
review. For the Methow population, the five-year geometric mean of natural returns over
Wells Dam was 358. Although this is well below the minimum abundance thresholds, it
is an improvement over the recent past (an increasing trend of 5.9% per year). In
addition, the 2001 return (1,380 naturally produced spawners) was the highest single
annual return in the 25-year data series. However, the average percentage of wild origin
spawners dropped from 19% for the period prior to the 1998 status review to 9% for the
1997 to 2001 returns.

Regarding the population growth rate of natural production, on average, over the last 20
full brood year returns (1980/81 through 1999/2000 brood years), including adult returns
through 2004-2005, UCR steelhead populations have not replaced themselves. The
ICBTRT has characterized the spatial structure risk to UCR steelhead populations as
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“low” for the Wenatchee and Methow, “moderate” for the Entiat, and “high” for the
Okanogan. Overall adult returns are dominated by hatchery fish, and detailed
information is lacking on the productivity of the natural population. All UCR steelhead
populations have reduced genetic diversity from homogenization of populations that
occurred during the Grand Coulee Fish Maintenance project from 1939-1943, from 1960,
and 1981 (Chapman, Hillman et al. 1994).

Critical Habitat

Critical habitat was designated for this species on September 2, 2005 (70 FR 52488).

The critical habitat designation for this DPS identifies PCEs that include sites necessary
to support one or more steelhead life stages. They include all Columbia River estuarine
areas and river reaches upstream to Chief Joseph Dam and several tributary subbasins.
Specific sites include freshwater spawning and rearing sites, freshwater migration
corridors, estuarine areas free of obstruction, and offshore marine areas. The physical or
biological features that characterize these sites include water quality and quantity, natural

cover, forage, and adequate passage conditions.

The UCR steelhead DPS has 42 watersheds within its range. Three watersheds received
a low rating, eight received a medium rating, and 31 rated a high conservation value to
the DPS. In addition, the Columbia River rearing/migration corridor downstream of the
spawning range was rated as a high conservation value. Limiting factors identified for
the UCR steelhead include: (1) Mainstem Columbia River hydropower system mortality,
(2) reduced tributary streamflow, (3) tributary riparian degradation and loss of in-river
wood, (4) altered tributary floodplain and channel morphology, and (5) excessive fine
sediment and degraded tributary water quality. The above activities and features also
introduce sediment, nutrients, biocides, metals, and other pollutants into surface and
ground water and degrade water quality in the freshwater, estuarine, and coastal

ecosystems throughout the Pacific Northwest.
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Upper Willamette River Steelhead

Distribution

UWR steelhead occupy the Willamette River and its tributaries upstream of Willamette
Falls (Figure 34). This is a late-migrating winter group that enters freshwater in March
and April (Howell, Jones et al. 1985). Only the late run was included in the listing of this
species, which is the largest remaining population in the Santiam River system. Table 25
identifies populations within the UWR Steelhead salmon ESU, their abundances, and
hatchery input.

Table 25. UWR Steelhead salmon populations, abundances, and hatchery contributions

(Good, Waples et al. 2005). Note: rpm denotes redds per mile.
. Historical Most Recent Hatchery
Population Abundance Spawner Abundance
Abundance Contributions

Mollala Rivers Unknown 0.972 rpm Unknown

North Santiam River Unknown 0.963 rpm Unknown

South Santiam River Unknown 0.917 rpm Unknown

Calapooia River Unknown 1.053 rpm Unknown

Total Unknown 5,819

Life History

Winter steelhead enter the Willamette River beginning in January and February. They do
not ascend to their spawning areas until late March or April (Dimick and Merryfield
1945). Spawning occurs from April to June 1* and redd counts are conducted in May.
The smolt migration past Willamette Falls also begins in early April and extends through
early June (Howell, Jones et al. 1985) Migration peaks in early- to mid-May. Steelhead
smolts generally migrate away from the shoreline and enter the Columbia via Multnomah
Channel rather than the mouth of the Willamette. Most spend two years in the ocean
before re-entering fresh water to span (Busby, Wainwright et al. 1996). Steelhead in the
UWR DPS generally spawn once or twice. A few fish may spawn three times based on
patterns found in the LCR steelhead DPS. Repeat spawners are predominantly female
and generally account for less than 10% of the total run size (Busby, Wainwright et al.

1996).
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Figure 34. UWR Steelhead distribution. Land Cover Class Legend in Figure 7.
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Status and Trends

UWR steelhead were listed as threatened in 1999 (64 FR 14517). Their classification
was retained following a status review on January 5, 2006 (71 FR 834). A major threat to
Willamette River steelhead results from artificial production practices. Fishways built at
Willamette Falls in 1885 have allowed Skamania-stock summer steelhead and early-
migrating winter steelhead of Big Creek stock to enter the range of UWR steelhead. The
population of summer steelhead is almost entirely maintained by hatchery salmon,
although natural-origin, Big Creek-stock winter steelhead occur in the basin (Howell,
Jones et al. 1985). In recent years, releases of winter steelhead are primarily of native

stock from the Santiam River system.

Steelhead in this DPS are depressed from historical levels, but to a much lesser extent
than are spring Chinook in the Willamette basin (McElhaney, Chilcote et al. 2007). All
of the historical populations remain extant and moderate numbers of wild steelhead are
produced each year. The population growth rate data indicate long-term trends are <1;
short-term trends are 1 or higher (McElhaney, Chilcote et al. 2007). Spatial structure for
the North and South Santiam populations has been substantially reduced by the loss of
access to the upper North Santiam basin and the Quartzville Creek watershed in the South
Santiam subbasin due to construction of the dams owned and operated by the U.S. Army
Corps of Engineers without passage facilities (McElhaney, Chilcote et al. 2007).
Additionally, the spatial structure in the Molalla subbasin has been reduced significantly
by habitat degradation and in the Calapooia by habitat degradation and passage barriers.
Finally, the diversity of some populations have been eroded by small population size, the
loss of access to historical habitat, legacy effects of past winter-run hatchery releases, and

the ongoing release of summer steelhead (McElhaney, Chilcote et al. 2007).
Critical Habitat

Critical habitat was designated for this species on September 2, 2005 (70 FR 52488). It
includes all Columbia River estuarine areas and river reaches proceeding upstream to the
confluence with the Willamette River as well as specific steam reaches in the following

subbasins: Upper Willamette, North Santiam, South Santiam, Middle Willamette,
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Molalla/Pudding, Yambhill, Tualatin, and Lower Willamette (NMFS 2005b). The critical
habitat designation for this DPS identifies PCEs that include sites necessary to support
one or more steelhead life stages. Specific sites include: (1) Freshwater spawning, (2)
freshwater rearing, (3) freshwater migration, (4) estuarine areas free of obstruction, (5)
nearshore marine areas free of obstructions, and (6) offshore marine areas with good
water quality. The physical or biological features that characterize these sites include
water quality and quantity, natural cover, forage, adequate passage conditions, and
floodplain connectivity. Anthropogenic land uses introduce sediment, nutrients, biocides,
metals, and other pollutants into surface and ground water and degrade water quality in
the freshwater, estuarine, and coastal ecosystems throughout the Pacific Northwest.

These human impacts affect the essential feature requirements for this DPS.

Of 43 subbasins reviewed in NMFS’ assessment of critical habitat for the UWR
steelhead, 20 subbasins were rated as having a high conservation value, while six were
rated as having a medium value and 17 were rated as having a low value to the

conservation of the DPS.
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Environmental Baseline

By regulation, environmental baselines for Opinions include the past and present impacts
of all state, federal or private actions and other human activities in the action area, the
anticipated impacts of all proposed federal projects in the action area that have already
undergone formal or early section 7 consultation, and the impact of state or private
actions which are contemporaneous with the consultation in process (50 CFR §402.02).
The environmental baseline for this Opinion includes a general description of the natural
and anthropogenic factors influencing the current status of listed Pacific salmonids and

the environment within the action area.

Our summary of the environmental baseline complements the information provided in the
Status of Listed Resources section of this Opinion, and provides the background
necessary to understand information presented in the Effects of the Action, and
Cumulative Effects sections of this Opinion. We then evaluate these consequences in
combination with the environmental baseline to determine the likelihood of jeopardy or

adverse modification of designated critical habitat.

The proposed action under consultation is geographically focused on the aquatic
ecosystems in the states of California, Idaho, Oregon, and Washington. Accordingly, the
environmental baseline for this consultation focuses on the general status and trends of
the aquatic ecosystems in these four states and the consequences of that status for listed
resources under NMFS’ jurisdiction. We describe the overall principal natural
phenomena affecting all listed Pacific salmonids under NMFS jurisdiction in the action

arca.

We further describe anthropogenic factors through the predominant land and water uses
within a region, as land use patterns vary by region. Background information on
pesticides in the aquatic environment is also provided. This context illustrates how the
physical and chemical health of regional waters and the impact of human activities have

contributed to the current status of listed resources in the action area.
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Natural Mortality Factors

Available data indicate high natural mortality rates for salmonids, especially in the open
ocean/marine environment. According to Bradford (1997), salmonid mortality rates
range from 90 to 99%, depending on the species, the size at ocean entry, and the length of
time spent in the ocean. Predation, inter- and intraspecific competition, food availability,
smolt quality and health, and physical ocean conditions likely influence the survival of
salmon in the marine environment (Bradford 1997; Brodeur, Fisher et al. 2004). In
freshwater rearing habitats, the natural mortality rate averages about 70% for all salmonid
species (Bradford 1997). Past studies in the Pacific Northwest suggest that the average
freshwater survival rate (from egg to smolt) is 2 to 3% throughout the region (Marshall
and Britton 1990; Bradford 1997). A number of suspected causes contributing to natural
mortality include parasites and/or disease, predation, water temperature, low water flow,

wildland fire, and oceanographic features and climatic variability.

Parasites and/or Disease

Most young fish are highly susceptible to disease during the first two months of life. The
cumulative mortality in young animals can reach 90 to 95%. Although fish disease
organisms occur naturally in the water, native fish have co-evolved with them. Fish can
carry these diseases at less than lethal levels (Kier Associates 1991; Walker and Foott
1993; Foott, Harmon et al. 2003). However, disease outbreaks may occur when water
quality is diminished and fish are stressed from crowding and diminished flows (Spence,
Lomnicky et al. 1996; Guillen 2003). Young coho salmon or other salmonid species may
become stressed and lose their resistance in higher temperatures (Spence, Lomnicky et al.
1996). Consequently, diseased fish become more susceptible to predation and are less
able to perform essential functions, such as feeding, swimming, and defending territories
(McCullough 1999). Examples of parasites and disease for salmonids include whirling
disease, infectious hematopoietic necrosis (IHN), sea-lice (Lepeophtheirus salmonis),
Henneguya salminicola, Ichthyopthirius multifiliis or Ich, and Columnaris

(Flavobacterium columnare).
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Whirling disease is a parasitic infection caused by the microscopic parasite Myxobolus
cerebrali. Infected fish continually swim in circular motions and eventually expire from
exhaustion. The disease occurs in the wild and in hatcheries and results in losses to fry

and fingerling salmonids, especially rainbow trout. The disease is transmitted by infected

fish and fish parts and birds.

IHN is a viral disease in many wild and farmed salmonid stocks in the Pacific Northwest.
This disease affects rainbow/steclhead trout, cutthroat trout (Salmo clarki), brown trout
(Salmo trutta), Atlantic salmon (Salmo salar), and Pacific salmon including Chinook,
sockeye, chum, and coho. The virus is triggered by low water temperatures and is shed
in the feces, urine, sexual fluids, and external mucus of salmonids. Transmission is

mainly from fish to fish, primarily by direct contact and through the water.

Sea lice also cause deadly infestations of wild and farm-grown salmon. Henneguya
salminicola, a protozoan parasite, is commonly found in the flesh of salmonids. The fish
responds by walling off the parasitic infection into a number of cysts that contain milky
fluid. This fluid is an accumulation of a large number of parasites. Fish with the longest
freshwater residence time as juveniles have the most noticeable infection. The order of

prevalence for infection is coho followed by sockeye, Chinook, chum, and pink salmon.

Additionally, ich (a protozoan) and Columnaris (a bacterium) are two common fish
diseases that were implicated in the massive kill of adult salmon in the Lower Klamath

River in September 2002 (CDFG 2003; Guillen 2003).

Predation

Salmonids are exposed to high rates of natural predation, during freshwater rearing and
migration stages, as well as during ocean migration. Salmon along the U.S. west coast
are prey for marine mammals, birds, sharks, and other fishes. Concentrations of juvenile
salmon in the coastal zone experience high rates of predation. In the Pacific Northwest,
the increasing size of tern, seal, and sea lion populations may have reduced the survival

of some salmon ESUs.
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Marine Mammal Predation

Marine mammals are known to attack and eat salmonids. Harbor seals (Phoca vitulina),
California sea lions (Zalophus californianus), and killer whales (Orcinus orca) prey on
juvenile or adult salmon. Killer whales have a strong preference for Chinook salmon (up
to 78% of identified prey) during late spring to fall (Hard, Jones et al. 1992; Hanson,
Baird et al. 2005; Ford and Ellis 2006). Generally, harbor seals do not feed on salmonids
as frequently as California sea lions (Pearcy 1997). California sea lions from the Ballard
Locks in Seattle, Washington have been estimated to consume about 40% of the
steelhead runs since 1985/1986 (Gustafson, Wainwright et al. 1997). In the Columbia
River, salmonids may contribute substantially to sea lion diet at specific times and
locations (Pearcy 1997). Spring Chinook salmon and steelhead are subject to pinniped
predation when they return to the estuary as adults (NMFS 2006). Adult Chinook salmon
in the Columbia River immediately downstream of Bonneville Dam have also
experienced increased predation by California sea lions. In recent years, sea lion
predation of adult LCR winter steelhead in the Bonneville tailrace has increased. This
prompted ongoing actions to reduce predation effects. They include the exclusion,
hazing, and in some cases, lethal take of marine mammals near Bonneville Dam (FCRPS

2008).

NOAA Fisheries has granted permits to the states of Idaho, Oregon, and Washington for
the lethal removal of individual California sea lions that prey on adult spring-run
Chinook salmon in the tail race of Bonneville Dam under section 120 of the Marine
Mammal Protection Act (NMFS 2006). This action may increase the survival of adult
Chinook salmon and steelhead. The Humane Society of the U.S. unsuccessfully

challenged the issuance of these permits. The case is now on appeal.
Avian Predation

Large numbers of fry and juveniles are eaten by birds such as mergansers (Mergus spp.),
common murre (Uria aalage), gulls (Larus spp.), and belted kingfishers (Megaceryle
alcyon). Avian predators of adult salmonids include bald eagles (Haliaeetus

leucocephalus) and osprey (Pandion haliaetus) (Pearcy 1997). Caspian terns (Sterna
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caspia) and cormorants (Phalacrocorax spp.) also take significant numbers of juvenile or
adult salmon. Stream-type juveniles, especially yearling smolts from spring-run
populations, are vulnerable to bird predation in the estuary. This vulnerability is due to
salmonid use of the deeper, less turbid water over the channel, which is located near
habitat preferred by piscivorous birds (Binelli, Ricciardi et al. 2005). Recent research
shows that subyearlings from the LCR Chinook salmon ESU are also subject to tern
predation. This may be due to the long estuarine residence time of the LCR Chinook
salmon (Ryan, Carper et al. 2006). Caspian terns and cormorants may be responsible for
the mortality of up to 6% of the outmigrating stream-type juveniles in the Columbia

River basin (Roby, Collis et al. 2006; Collis 2007).

Antolos et al. (2005) quantified predation on juvenile salmonids by Caspian terns nesting
on Crescent Island in the mid-Columbia reach. Between 1,000 and 1,300 adult terns
were associated with the colony during 2000 and 2001, respectively. These birds
consumed about 465,000 juvenile salmonids in the first and approximately 679,000
salmonids in the second year. However, caspian tern predation in the estuary was
reduced from a total of 13,790,000 smolts to 8,201,000 smolts after relocation of the
colony from Rice to East Sand Island in 1999. Based on PIT-tag recoveries at the colony,
these were primarily steelhead for Upper Columbia River stocks. Less than 0.1% of the
inriver migrating yearling Chinook salmon from the Snake River and less than 1% of the
yearling Chinook salmon from the Upper Columbia were consumed. PIT-tagged coho
smolts (originating above Bonnevile Dam) were second only to steelhead in predation
rates at the East Sand Island colony in 2007 (Roby, Colis et al. 2008). There are few
quantitative data on avian predation rates on Snake River sockeye salmon. Based on the
above, avian predators are assumed to have a minimal effect on the long-term survival of

Pacific salmon (FCRPS 2008).
Fish Predation

Pikeminnows (Ptychocheilus oregonensis) are significant predators of yearling juvenile
migrants (Friesen and Ward 1999). Chinook salmon were 29% of the prey of northern

pikeminnows in lower Columbia reservoirs, 49% in the lower Snake River, and 64%
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downstream of Bonneville Dam. Sockeye smolts comprise a very small fraction of the
overall number of migrating smolts (Ferguson 2006) in any given year. The significance
of fish predation on juvenile chum is unknown. There is little direct evidence that
piscivorous fish in the Columbia River consume juvenile sockeye salmon. Nevertheless,
predation of juvenile sockeye likely occurs. The ongoing Northern Pikeminnow
Management Program (NPMP) has reduced predation-related juvenile salmonid mortality
since 1990. Benefits of recent northern pikeminnow management activities to chum
salmon are unknown. However, it may be comparable to those for other salmon species

with a subyearling juvenile life history (Friesen and Ward 1999).

The primary fish predators in estuaries are probably adult salmonids or juvenile
salmonids which emigrate at older and larger sizes than others. They include cutthroat
trout (O. clarki) or steelhead smolts preying on chum or pink salmon smolts. Outside
estuaries, many large fish population reside just offshore and may consume large
numbers of smolts. These fishes include Pacific hake (Merluccius productus), Pacific
mackerel (Scomber japonicus), lingcod (Ophiodon elongates), spiny dogfish (Squalus
acanthias), various rock fish, and lamprey (Beamish, Thomson et al. 1992; Pearcy 1992;
Beamish and Neville 1995).

Wildland Fire

Wildland fires that are allowed to burn naturally in riparian or upland areas may benefit
or harm aquatic species, depending on the degree of departure from natural fire regimes.
Although most fires are small in size, large size fires increase the chances of adverse
effects on aquatic species. Large fires that burn near the shores of streams and rivers can
have biologically significant short-term effects. They include increased water
temperatures, ash, nutrients, pH, sediment, toxic chemicals, and large woody debris
(Buchwalter, Sandahl et al. 2004; Rinne 2004). Nevertheless, fire is also one of the
dominant habitat-forming processes in mountain streams (Bisson, Rieman et al. 2003).
As a result, many large fires burning near streams can result in fish kills with the
survivors actively moving downstream to avoid poor water quality conditions (Greswell

1999; Rinne 2004). The patchy, mosaic pattern burned by fires provides a refuge for
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those fish and invertebrates that leave a burning area or simply spares some fish that were
in a different location at the time of the fire (USFS 2000). Small fires or fires that burn
entirely in upland areas also cause ash to enter rivers and increase smoke in the
atmosphere, contributing to ammonia concentrations in rivers as the smoke adsorbs into

the water (Greswell 1999).

The presence of ash also has indirect effects on aquatic species depending on the amount
of ash entry into the water. All ESA-listed fishes rely on macroinvertebrates as a food
source for at least a portion of their life histories. When small amounts of ash enter the
water, there are usually no noticeable changes to the macroinvertebrate community or the
water quality (Bowman and Minshall 2000). When significant amounts of ash are
deposited into rivers, the macroinvertebrate community density and composition may be
moderately to drastically reduced for a full year with long-term effects lasting 10 years or
more (Buchwalter, Jenkins et al. 2003), (Minshall, Royer et al. 2001; Buchwalter,
Sandahl et al. 2004). Larger fires can also indirectly affect fish by altering water quality.
Ash and smoke contribute to elevated ammonium, nitrate, phosphorous, potassium, and
pH, which can remain elevated for up to four months after forest fires (Buchwalter,

Jenkins et al. 2003).

Many species have evolved in the presence of regular fires and have developed
population-level mechanisms to withstand even the most intense fires (Greswell 1999).
These same species have come to rely on fire’s disturbance to provide habitat
heterogeneity. In the past century, the human population has increased dramatically,
resulting in urban sprawl and the development of formerly remote locations. This
condition has increased the urban/wildland interface. As a result, the threat of fires to
personal property and people has increased, including the demand for protection of their
safety and belongings. We expect listed fish species will be exposed to an increasing
number of fires and fire fighting techniques over time. Currently, federal, state, and local
resource agencies lack long-term monitoring data on the effects of wildland fire on listed
Pacific salmonids and their habitats. Thus, we are unable to quantify the overall effects

of wildland fire on the long-term survival of listed Pacific salmonids at this time.
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Oceanographic Features and Climatic Variability

Oceanographic features of the action area may influence prey availability and habitat for
Pacific salmonids. The action area includes important spawning and rearing grounds and
physical and biological features essential to the conservation of listed Pacific salmonids -
I.e., water quality, prey, and passage conditions. Ocean conditions and climatic

variability may affect salmonids in the action area.

The primary effects of the ocean on salmon productivity involve growth and survival of
salmon. All salmon growth is completed in the ocean. According to Welch (1996), fish
growth will not reach its maximum potential if food density (food available divided by
ocean volume) is insufficient to provide the maximum daily ration. If this critical level of

food is not exceeded, then the potential for the ocean to limit salmon growth exists.

The decline in salmon survival in Oregon and Washington since 1977 may be caused by
poorly understood processes in the marine (as opposed to freshwater) environment
(Welch 1996). Current findings also indicate that the primary control on salmon
distribution is temperature. However, the upper thermal limit varies throughout the year

(Welch 1996).

Naturally occurring climatic patterns, such as the Pacific Decadal Oscillation and the El
Nifio and La Nifa events, are major causes of changing marine productivity. Recent
studies have shown that long-term changes in climate affect oceanic structure and
produce abrupt differences in salmon marine survival and returns (Mantua, Hare et al.
1997; Hare, Mantua et al. 1999). A major regime shift in the subarctic and California
Current ecosystems during the late 1970s may have been a factor in reducing ocean
survival of salmon in the Pacific Northwest and in increasing the marine survival in
Alaska (Hare, Mantua et al. 1999). Fluctuations in mortality of salmon in the freshwater
and marine environment have been shown to be almost equally significant sources of
annual recruitment variability (Bradford 1997). These events and changes in ocean
temperature may also influence salmonid abundance in the action area. In years when

ocean conditions are cooler than usual, the majority of sockeye salmon returning to the
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Fraser River do so via this route. However, when warmer conditions prevail, migration

patterns shift to the north through the Johnstone Strait (Groot and Quinn 1987).

Climate Change

Anthropogenic climate change, caused by factors such as the continuing build-up of
human-produced atmospheric carbon dioxide, is predicted to have major environmental
impacts along the west coast of North America during the 21% century and beyond (IPCC
2001; CIG 2004). Warming trends continue in both water and air temperatures.
Projections of the consequences of climate change include disruption of annual cycles of
rain and snow, alteration of prevailing patterns of winds and ocean currents, and
increases in sea levels (Glick 2005; Snover, Mote et al. 2005). Oceanographic models
project a weakening of the thermohaline circulation resulting in a reduction of heat
transport into high latitudes of Europe, an increase in the mass of the Antarctic ice sheet,
and a decrease in the Greenland ice sheet (IPCC 2001). These changes, coupled with
increased acidification of ocean waters, are expected to have substantial effects on marine
productivity and food webs, including populations of salmon and other salmonid prey

(Hard, Jones et al. 1992).

Climate change poses significant hazards to the survival and recovery of salmonids along
the west coast. Changes in water temperature can alter migration timing, reduce growth,
reduce the supply of available oxygen in the water, reduce insect availability as prey, and
increase the susceptibility of fish to toxicants, parasites, and disease (Fresh, Casillas et
al. 2005; NMFS 2007). Earlier spring runoff and lower summer flows make it difficult
for returning adult salmon to negotiate obstacles (NMFS 2007). Excessively high levels
of winter flooding can scour eggs from their nests in the stream beds and increase
mortalities among overwintering juvenile salmon. The predicted increased winter
flooding, decreased summer and fall stream flows, and elevated warm season
temperatures in the streams and estuaries may further degrade conditions for salmon that
are already stressed from habitat degradation. Although the impacts of global climate
change are less clear in the ocean environment, early modeling efforts suggest that

increased temperatures will likely increase ocean stratification. This stratification
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coincides with relatively poor ocean habitat for most Pacific Northwest salmon

populations (IPCC 2001; CIG 2004).

We expect changing weather and oceanographic conditions may affect prey availability,
temperature and water flow in habitat conditions, and growth for all 28 ESUs.
Consequently, we expect the long-term survival and reproductive success for listed

salmonids to be greatly affected by global climate change.

Anthropogenic Mortality Factors

In this section we address anthropogenic threats in the geographic regions across the
action area. Among the threats discussed are the “four Hs”: hatcheries, harvest,
hydropower, and habitat. Prior to discussion of each geographic region, three major
issues are highlighted: pesticide contamination, elevated water temperature, and loss of
habitat/habitat connectivity. These three factors are the most relevant to the current
analysis. To address these issues, we provide information on pesticide detections in the
aquatic environment and highlight their background levels from past and ongoing
anthropogenic activities. This information is pertinent to EPA’s proposed registration of
carbaryl, carbofuran, and methomyl in the U.S. and its territories. As water temperature
plays such a strong role in salmonid distribution, we also provide a general discussion of
anthropogenic temperature changes. Finally, we discuss the health of riparian systems

and floodplain connectivity, as this habitat is vital to salmonid survival.

Baseline Pesticide Detections in Aquatic Environments

In the environmental baseline, we address pesticide detections reported as part of the U.S.
Geological Survey (USGS) National Water-Quality Assessment Program’s (NAWQA)
national assessment (Gilliom, Barbash et al. 2006). We chose this approach for
Environmental Baseline as the NAWQA studies present the same level of analysis for
each area. Further, given the lack of reporting standards, we are unable to present a

comprehensive basin-specific analysis of detections from other sources.
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In the exposure section of the Effects of the Proposed Action we also present more recent
unpublished data on the chemicals and degradates addressed in this Opinion from the
NAWQA program and state databases maintained by California and Washington. As far
as NMFS was able to ascertain, neither Oregon nor Idaho maintain publically available
state-wide water quality databases. The California and Washington databases include
some data from the NAWQA, but mostly the data are from more localized studies.
Overall, data from those databases are relatively consistent in regards to pesticides
addressed in this Opinion, with carbaryl generally being the most frequently quantifiable
parent compound. Carbaryl and carbofuran were measured in concentrations ranging
from 0.0001-33.5 pg/L. Methomyl generally was measured at slightly lower
concentrations, ranging from 0.004-5.4 pg/L. Methomyl is also detected less frequently
in some monitoring datasets, as it dissipates rapidly in aquatic systems, and non-targeted
monitoring does not necessarily coincide with applications. Both 1-napthol (methomyl
degradate) and 3-hydroxycarbofuran (carbofuran degradate) were detected in slightly

lower concentrations, ranging from 0.0007-0.64 ug/L, than any of the parent compounds.

According to Gilliom et al.(2006), the distributions of the most prevalent pesticides in
streams and ground water correlate with land use patterns and associated present or past
pesticide use. When pesticides are released into the environment, they frequently end up
as contaminants in aquatic environments. Depending on their physical properties some
are rapidly transformed via chemical, photochemical, and biologically mediated reactions
into other compounds, known as degradates. These degradates may become as prevalent

as the parent pesticides depending on their rate of formation and their relative persistence.
National Water-Quality Assessment Program.

From 1992-2001, the USGS sampled water from 186 stream sites within 51 study units;
bed-sediment samples from 1,052 stream sites, and fish from 700 stream sites across the
continental U.S. Concentrations of pesticides were detected in streams and groundwater
within most areas sampled with substantial agricultural or urban land uses. NAWQA
results further detected at least one pesticide or degradate more than 90% of the time in

water, in more than 80% in fish samples, and greater than 50% of bed-sediment samples
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from streams in watersheds with agricultural, urban, and mixed land use (Gilliom,

Barbash et al. 2006).

About 40 pesticide compounds accounted for most detections in water, fish, or bed
sediment. Twenty-four pesticides and one degradate were each detected in more than
10% of streams in agricultural, urban, or mixed land use settings. These 25 pesticide
compounds include 11 herbicides used most heavily in agriculture during the study
period (plus the atrazine degradate, deethylatrazine); 7 herbicides used extensively for
non-agricultural purposes; and 6 insecticides used in both agricultural and urban settings.
Three of those insecticides were chlorpyrifos, diazinon, and malathion. Thirteen
organochlorine pesticide compounds, including historically used parent pesticides and
their degradates and by-products, were each found in more than 10% of fish or bed-
sediment samples from streams draining watersheds with either agricultural, urban, or

mixed land use (Gilliom, Barbash et al. 2006).

Additionally, more frequent detections and higher concentrations of insecticides occur in
sampled urban streams (Gilliom, Barbash et al. 2006). Diazinon, chlorpyrifos, carbaryl,
and malathion nationally ranked 2™, 4™, 8", and 15™ among pesticides in frequencies of
outdoor applications for home- and garden use in 1992 (Whitmore, Kelly et al. 1992).
These same insecticides accounted for the most insecticide detections in urban streams.
Diazinon and carbaryl were the most frequently detected and were found at frequencies
and levels comparable to those for the common herbicides. Historically used insecticides
were also found most frequently in fish and bed sediment from urban streams. The
highest detection frequencies were for chlordane compounds, dichloro-diphenyl[’
trichloroethane (DDT) compounds, and dieldrin. Urban streams also had the highest
concentrations of total chlordane and dieldrin in both sediment and fish tissue. Chlordane
and aldrin were widely used for termite control until the mid-to-late 1980s. Their

agricultural uses were restricted during the 1970s.

Chlorpyrifos and diazinon were commonly used in agricultural and urban areas from

1992-2001 and prior to the sampling period. About 13 million Ibs of chlorpyrifos and
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about 1 million Ibs of diazinon were applied for agricultural use. Non-agricultural uses
of chlorpyrifos and diazinon totaled about 5 million and 4 million lbs per year in 2001,
respectively (Gilliom, Barbash et al. 2006). For both insecticides, concentrations in most
urban streams were higher than in most agricultural streams, and were similar to those
found in agricultural areas with the greatest intensities of use. Diazinon and chlorpyrifos
were detected about 75% and 30% of the time in urban streams, respectively (Gilliom,
Barbash et al. 2006). NMFS (2008) determined that current use of chlorpyrifos,
diazinon, and malathion is likely to jeopardize the continued existence of 27 listed
salmonid ESUs. NMFS provided EPA with reasonable and prudent alternatives (RPAs),
including buffers and vegetative strips, to reduce pesticide exposure to listed salmon.

Until the EPA implements the RPAs, we must assume current exposure will continue.

Another dimension of pesticides and their degradates in the aquatic environment is their
simultaneous occurrence as mixtures (Gilliom, Barbash et al. 2006). Mixtures result
from the use of different pesticides for multiple purposes within a watershed or
groundwater recharge area. Pesticides generally occur more often in natural waterbodies
as mixtures than as individual compounds. Mixtures of pesticides were detected more
often in streams than in ground water and at relatively similar frequencies in streams
draining areas of agricultural, urban, and mixed land use. More than 90% of the time,
water from streams in these developed land use settings had detections of two or more
pesticides or degradates. About 70% and 20% of the time, streams had five or more and
ten or more pesticides or degradates, respectively (Gilliom, Barbash et al. 2006). Fish
experiencing coincident exposure to multiple pesticides may also experience additive and
synergistic effects. If the effects on a biological endpoint from concurrent exposure to
multiple pesticides can be predicted by adding the potency of the pesticides involved, the
effects are said to be additive. If, however, the response to a mixture lead to a greater
than expected effect on the endpoint, and the pesticides within the mixture enhance the
toxicity of one another, the effects are characterized as synergistic. These effects are of
particular concern when the pesticides share a mode of action. Carbaryl, carbofuran, and
methomyl are all AChE inhibitors. In California, there are 61 pesticides that inhibit
AChE approved for use (CDPR 2007). According to CDPR, the amount of these
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chemicals used has decreased (Table 26). However, some AChE a.i.s — such as bensulide
and naled — are increasing in use (CDPR 2007). While the trend indicates decreased

reliance on these products, we note that their current use remains significant.

Table 26. Use figures for AChE inhibiting pesticides in California (CDPR 2007)

1996 2006
Ibs a.i. applied 15,473,843 6,857,530
Acres treated (agriculture use only) 11,720,058 5,729,958

Mixtures of organochlorine pesticide compounds were also common in fish-tissue
samples from most streams. About 90% of fish samples collected from urban steams
contained two or more pesticide compounds and 33% contained 10 or more pesticides.
Similarly, 75% of fish samples from streams draining watersheds with agricultural and
mixed land use contained 2 or more pesticide compounds and 10% had 10 or more

compounds (Gilliom, Barbash et al. 2006).

NAWQA analysis of all detections indicates that more than 6,000 unique mixtures of 5
pesticides were detected in agricultural streams (Gilliom, Barbash et al. 2006). The
number of unique mixtures varied with land use. Mixtures of the most often detected
individual pesticides include the herbicides atrazine (and its degradate deethylatrazine),
metolachlor, simazine, and prometon. Each herbicide occurred in more than 30% of all
mixtures found in agricultural and urban uses in streams. Also present in more than 30%
of the mixtures were cyanazine, alachlor, metribuzin, and trifluralin in agricultural
streams. Dacthal and the insecticides diazinon, chlorpyrifos, carbaryl, and malathion
were also present in urban streams. Carbaryl occurred in at least 50% of urban streams.
In 15% of urban streams carbaryl concentration was over 0.1ug/L (Gilliom, Barbash et al.
2006). Insecticides are typical constituents in environmental mixtures and are commonly

found in both agriculatural and urban streams.

The numbers of unique mixtures of organochlorine pesticide compounds found in whole-
fish tissue samples were greater in urban streams than in streams from agricultural or

mixed land use watersheds. About 1,400 unique 5-compound mixtures were found in
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fish from urban steams compared to fewer than 800 unique 5-compound mixtures
detected in fish from agricultural and mixed land use steams. The relative contributions
of most organochlorine compounds to mixtures in fish were about the same for urban and

agricultural streams.

More than half of all agricultural streams sampled and more than three-quarters of all
urban streams had concentrations of pesticides in water that exceeded one or more
benchmarks for aquatic life. Aquatic life criteria are EPA water-quality guidelines for
protection of aquatic life. Exceedance of an aquatic life benchmark level indicates a
strong probability that aquatic species are being adversely affected. However, aquatic
species may also be affected at levels below criteria. Finally, organochlorine pesticides
that were discontinued 15 to 30 years ago still exceeded benchmarks for aquatic life and

fish-eating wildlife in bed sediment or fish-tissue samples from many streams.
National Pollutant Discharge Elimination System

Pollution originating from a discrete location such as a pipe discharge or wastewater
treatment outfall is known as a point source. Point sources of pollution require a National
Pollutant Discharge Elimination System (NPDES) permit. These permits are issued for
aquaculture, concentrated animal feeding operations, industrial wastewater treatment
plants, biosolids (sewer/sludge), pre-treatment and stormwater overflows. The EPA
administers the NPDES permit program and states certify that NPDES permit holders
comply with state water quality standards. Nonpoint source discharges do not originate
from discrete points; thus, nonpoint sources are difficult to identify, quantify, and are not
regulated. Examples of nonpoint source pollution include, but are not limited to, urban

runoff from impervious surfaces, areas of fertilizer and pesticide application, and manure.

According to EPA’s database of NPDES permits, about 243 NPDES permits are co-
located with listed Pacific salmonids in California. Collectively, the total number of
EPA-recorded NPDES permits in Idaho, Oregon, and Washington, that are co-located
with listed Pacific salmonids is 1,978. See ESU Figures in the Status of Listed Resources

section for NPDES permits co-located within listed salmonid ESUs within the states of
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California, Idaho, Oregon, and Washington.

On November 27, 2006, EPA issued a final rule which exempted pesticides from the
NPDES permit process, provided that application was approved under FIFRA. The
NPDES permits, then, do not include any point source application of pesticides to
waterways in accordance with FIFRA labels. This rule was vacated by the courts on

January 7, 2009 (National Cotton Council v. EPA, 553 F.3d 927 (6th Cir. 2009)).

Baseline Water Temperature- Clean Water Act

Elevated temperature is considered a water pollutant in most states with approved Water
Quality Standards under the federal Clean Water Act (CWA) of 1972. As per the CWA,
states periodically prepare a list of all surface waters in the state for which beneficial uses
- such as drinking, recreation, aquatic habitat, and industrial use — are impaired by
pollutants. These are water quality limited estuaries, lakes, and streams that do not meet
state surface water quality standards, and are not expected to improve within the next two
years. This process is in accordance with section 303(d) of the CWA. There are five
categories a waterway can be classified under as per section 303(d):

e (Category 1: Meets tested water quality standards;

e Category 2: Some evidence of a water quality problem, action not yet required;

e (Category 3: Insufficient data;

e (ategory 4: Polluted waterway with solution being implemented; and

e (ategory 5: Polluted waterway, action is required
Water bodies listed under Category 5 are those that are considered impaired or threatened
by pollution. The “303(d) list” is generally considered synonymous with the Category 5

waters, and will be treated as such within this Opinion.

Each state has separate and different 303(d) listing criteria and processes. Generally a
water body is listed separately for each standard it exceeds, so it may appear on the list
more than once. If a water body is not on the 303(d) list, it is not necessarily
contaminant-free; rather it may not have been tested. Therefore, the 303(d) list is a

minimum list for the each state regarding polluted water bodies by parameter.
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After states develop their lists of impaired waters, they are required to prioritize and
submit their lists to EPA for review and approval. States are expected to identify high
priority waters targeted for Total Maximum Daily Load (TMDL) development within
two years of the 303(d) listing process. A TMDL includes a plan for reducing
contaminant loading and is required for all impaired waterways. Each state also
establishes a priority ranking for the development of TMDLs for such waters, considering

the severity of the pollution and the uses to be made of such waters.

Federal non-priority water quality standards have been established for carbaryl and
carbofuran, but not for methomyl. The California 303(d) list includes a 49 mile section
of the Colusa Basin Drain that exceeds carbofuran standards (Category 5). Several areas
in Washington and Oregon have been listed under Category 2 for carbaryl and
carbofuran. They include: Willapa Bay, WA (carbaryl, 18 separate listings); Grays
Harbor County Drainage Ditch #1, WA (carbaryl); Pacific County Drainage Ditch #1,
WA (carbaryl); North River, WA (carbaryl); Palix River, WA (carbaryl); Johnson
Creek, OR (carbaryl & carbofuran, 23.7 river miles); Beaverton Creek, OR (carbaryl, 9.8
river miles); Tualatin River, OR (carbaryl, 44.7 river miles); and Mill Creek, OR
(carbofuran, 25.7 river miles). In addition to specific compounds, water bodies are listed
as impaired due to “pesticides” as a general category. We did not consider these

waterways as there was no way to tell what compounds were present.

Temperature is significant for the health of aquatic life. Water temperatures affect the
distribution, health, and survival of native cold-blooded salmonids in the Pacific
Northwest. These fish will experience adverse health effects when exposed to
temperatures outside their optimal range. For listed Pacific salmonids, water temperature
tolerance varies between species and life stages. Optimal temperatures for rearing
salmonids range from 10°C and 16°C. In general, the increased exposure to stressful
water temperatures and the reduction of suitable habitat caused by drought conditions
reduce the abundance of salmon. Warm temperatures can reduce fecundity, increase egg

survival, retard growth of fry and smolts, reduce rearing densities, increase susceptibility
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to disease, decrease the ability of young salmon and trout to compete with other species
for food, and to avoid predation (Spence, Lomnicky et al. 1996; McCullough 1999).
Migrating adult salmonids and upstream migration can be delayed by excessively warm
stream temperatures. Excessive stream temperatures may also negatively affect

incubating and rearing salmonids (Gregory and Bisson 1997).

Sublethal temperatures (above 24°C) could be detrimental to salmon by increasing
susceptibility to disease (Colgrove and Wood 1966) or elevating metabolic demand (Brett
1995). Substantial research demonstrates that many fish diseases become more virulent
at temperatures over 15.6°C (McCullough 1999). Due to the sensitivity of salmonids to
temperature, states have established lower temperature thresholds for salmonid habitat as
part of their water quality standards. A water body is listed for temperature on the 303(d)
list if the 7-day average of the daily maximum temperatures (7-DADMax) exceeds the
temperature threshold (Table 27).

Table 27. Washington State water temperature thresholds for salmonid habitat. These
temperatures are representative of limits set by California, Idaho, and Oregon (WSDE
2006).

Category Highest 7-DADMax
Salmon and Trout Spawning 13°C (55.4°F)
Core Summer Salmonid Habitat 16°C (60.8°F)
Salmonid Spawning, Rearing, and Migration 17.5°C (63.5°F)
Salmonid Rearing and Migration Only 17.5°C (63.5°F)

Water bodies that are not designated salmonid habitat are also listed if they have a one-
day maximum over a given background temperature. Using publicly available GIS
layers, we determined the number of km on the 303(d) list for exceeding temperature
thresholds within the boundaries of each ESU (Table 28). Because the 303(d) list is
limited to the subset of rivers tested, the chart values should be regarded aslower-end

estimates.
While some ESU ranges do not contain any 303(d) rivers listed for temperature, others

show considerable overlap. These comparisons demonstrate the relative significance of

elevated temperature among ESUs. Increased water temperature may result in
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wastewater discharge, decreased water flow, minimal shading by riparian areas, and

climatic variation.

Table 28. Number of kilometers of river, stream and estuaries included in state 303(d) lists
due to temperature that are located within each salmonid ESU. Data was taken from the
most recent GIS layers available from state water quality assessments reports*

Species ESU California | Oregon | Washington | Idaho Total
California Coastal 39.3 — — — 39.3
Central Valley Spring -
Run 0.0 - - - 0.0
Lower Columbia River — 56.6 229.8 — 286.4
Upper Cplumbla River _ _ 254 6 _ 254 6
Chinook Spring - Run
Puget Sound — - 705.0 - 705.0
Salmon - -
Sacramento River Winter
0.0 - - - 0.0
- Run
Snake River Fall - Run — 610.1 246.6 | 400.2 1,256.9
Snake River Spring / ~| 8093 2432 | 5438 | 1,596.3
Summer - Run
Upper Williamette River — | 2,468.0 - —| 2,468.0
Columbia River — 56.6 225.0 — 281.6
Chum Hood Canal S
Salmon 00 arI;aun ummer - _ _ 90.1 _ 90.1
Central California Coast 39.3 — — — 39.3
Lower Columbia River — 291.9 233.5 — 525.4
coho Southern Oregon and
Salmon Northern California Coast 1,416.2 | 1,833.0 - —| 3,249.2
Oregon Coast — | 3,715.8 — —| 3,715.8
Sockeye Ozette Lake - - 4.8 — 4.8
Salmon Snake River — — — 0.0 0.0
Central California Coast 0.0 — — — 0.0
California Central Valley 0.0 — - - 0.0
Lower Columbia River — 201.2 169.3 — 370.5
Middle Columbia River -1 3,518.5 386.2 —| 3,904.7
Northern California 39.3 — — — 39.3
Puget Sound — — 704.9 — 704.9
Steelhead Snake River | 9907 246.6 | 737.6 | 1,974.9
South-Central California 0.0 _ _ _ 0.0
Coast
Southern California 0.0 — — — 0.0
Upper Columbia River — - 282.3 - 282.3
Upper Williamette River -1 1,668.0 - -] 1,668.0

*CA 2006, Oregon 2004/2006, Washington 2004, and Idaho 1998. (California EPA TMDL
Program 2007b, Oregon Department of Environmental Quality 2007, Washington State
Department of Ecology 2005, Idaho Department of Environmental Quality 2001).

Baseline Habitat Condition

Riparian zones are the areas of land adjacent to rivers and streams. These systems serve

as the interface between the aquatic and terrestrial environments. Riparian vegetation is
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characterized by emergent aquatic plants and spec