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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, in this case the Environmental Protection Agency (EPA), 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
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have concluded, with written concurrence from the U.S. Fish and Wildlife Service, NMFS or
both, that an action “may affect but is not likely to adversely affect” any endangered species,
threatened species or designated critical habitat (50 CFR §402.14(b)).

On April 1, 2003, EPA initiated consultation with NMFS on the re-registration of pesticide
products containing the active ingredients (a.i.s) oryzalin and trifluralin pursuant to the Federal
Insecticide, Fungicide, and Rodenticide Act (FIFRA), 7 U.S.C. 136 et seq. On December 1,
2004, EPA initiated consultation with NMFS on the re-registration of pesticide products
containing the active ingredients (a.i.) pendimethalin pursuant to the Federal Insecticide,
Fungicide, and Rodenticide Act (FIFRA), 7 U.S.C. 136 et seq. 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)] actions. In the
Biological Evaluation (BE) transmitted, EPA determined uses of pesticide products containing
oryzalin would have no effect on 9 and may affect but were not likely to adversely affect 17 of
the 26 Evolutionarily Significant Units/ Distinct Population Segments (ESUs/DPSs) of Pacific
salmonids listed at that time (Table 1). Lower Columbia River coho and Puget Sound steelhead
were listed later. In the pendimethalin BE, EPA determined uses of pesticide products
containing pendimethalin would have no effect on 22 and may affect but were not likely to
adversely affect 4 of the 26 ESUs/DPSs. In the trifluralin BE, EPA determined uses of pesticide
products containing pendimethalin would have no effect on 11 ESUs/DPSs, may affect but were
not likely to adversely affect 4, and may affect 11 of the 26 ESUs/DPSs. EPA did not make
adverse modification determinations for any of the a.i.s for any of the ESUs/DPSs which had
designated critical habitat. NMFS does not concur with any of the not likely to adversely affect
(NLAA) determinations made by EPA and therefore has conducted formal consultation.

This document states NMFS’ biological opinion (Opinion) regarding effects of EPA’s
authorizations of pesticide products containing the above-mentioned a.i.s on the listed ESUSs,
plus on two newly listed salmonids. This is a partial consultation because, pursuant to the
court’s order, EPA sought consultations on only this group of listed species under NMFS’
jurisdiction. Even though the court’s order did not address the two more recently listed

salmonids (Lower Columbia River coho and Puget Sound steelhead), NMFS analyzed the
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impacts of EPA’s action to them because they belong to the same taxon. Other listed species
under NMFS jurisdiction are not considered in this Opinion. NMFS’ analysis requires
consideration of the same information. ESA consultation with NMFS will be complete 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 Part 402. However, consistent with the decision in Gifford Pinchot Task
Force v. USFWS, 378 F.3d 1059 (Ninth Cir. 2004), we did not apply the regulatory definition of

“destruction or adverse modification of critical habitat” at 50 CFR 8402.02. 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 consultation on the proposed authorizations 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, Opinions on similar actions,
published and unpublished scientific information on the biology and ecology of threatened and
endangered salmonids, and other sources of information gathered and evaluated during the
consultation on the proposed authorizations of the a.i.s oryzalin, pendimethalin, and trifluralin.
Because the BEs for salmon are outdated, and do not necessarily include the most recent label
information, exposure modeling, or toxicity data, NMFS has relied heavily on more recent BEs
produced by EPA for other listed species. NMFS also reviewed pesticide labels, available
monitoring data and other local, county, and state information, online toxicity databases, incident
reports, data generated by pesticide registrants (applicants), and exposure models run by NMFS
and EPA. NMFS also considered information and comments on the Draft Opinion provided by

EPA, applicants, and other stakeholders.

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
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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. Washington Toxics Coalition v. EPA, C01-132C (W.D. Wash.
7/2/2002).

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, C01-
132C (W.D. Wash. 1/22/2004). The court imposed several additional restrictions on pesticide

use in specific settings.

On November 5, 2007, the Northwest Coalition for Alternatives to Pesticides and others filed a
lawsuit 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.

On April 20, 2009, NMFS issued its second Opinion for three carbamates: carbaryl, carbofuran,

and methomyl.
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On August 31, 2010, NMFS issued its third Opinion. This third consultation evaluated 12
organophosphate insecticides: azinphos methyl, bensulide, dimethoate, disulfoton, ethoprop,
fenamiphos, methamidophos, methidathion, methyl parathion, naled, phorate, and phosmet.

On June 30, 2011, NMFS issued a fourth Opinion addressing the effects of four herbicides (2,4-
D, triclopyr BEE, diuron and linuron) and two fungicides (captan and chlorothalonil).

The current Opinion addresses three dinitroanaline pesticides, oryzalin, trifluralin, and
pendimethalin. EPA consultations on pesticide products currently focus on their effects to listed
Pacific salmonids. EPA’s ESA consultations with NMFS remain incomplete until EPA has
consulted for these a.i.s on all protected species and designated critical habitat under NMFS’

jurisdiction.

Consultation History

Between April 1, 2003, and December 1, 2004, the EPA transmitted letters to NMFS’ Office of
Protected Resources (OPR) requesting section 7(a)(2) consultation for the registration of the a.i.s
oryzalin, pendimethalin, and trifluralin. EPA’s Biological Evaluations (BEs) detailed the effects
determinations on the 26 ESUs of Pacific salmonids that were listed at that time. EPA’s Office
of Pesticide Programs (OPP) determined that the use of oryzalin may affect but is not likely to
adversely affect 17 ESUs, and will have no effect on nine ESUs. EPA determined that the
continued use of pendimethalin may affect but is not likely to adversely affect four ESUs, and
will have no effect on 22 ESUs. Finally, EPA determined that the continued use of trifluralin
may affect 11 listed ESUs, may affect but is not likely to adversely affect four ESUs, and will
have no effect on 11 ESUs.

On June 28, 2005, NMEFS listed the Lower Columbia River coho salmon ESU as threatened. As

EPA’s 2003 and 2004 effects determinations for oryzalin, pendimethalin, and trifluralin pre-date

this listing they lack an effects determination for the Lower Columbia River coho salmon.
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On May 22, 2007, NMFS listed the Puget Sound Steelhead Distinct Population Segment (DPS)
as threatened. As EPA’s 2003 and 2004 effects determinations for oryzalin, pendimethalin, and
trifluralin pre-date this listing they lack an effects determination for the Lower Columbia River

coho salmon.

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 that the federal
action for purposes of consultation on EPA’s FIFRA registrations would be “the authorization
for use or uses described in labeling of a pesticide product containing a particular pesticide
ingredient.” 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 evolutionarily significant
unit (ESU) as threatened. This ESU was considered in EPA’s BEs for the three a.i.s.

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

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. NMFS
staff members have continued to renew their CBI clearance throughout the consultation process.

On September 26, 2008, NMFS sent correspondence to EPA regarding the roles of the federal
action agency and identified applicants by such agency during formal consultation. NMFS also
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requested incident reports and label information for subsequent pesticide consultations from
EPA. The specified timeline for NMFS’ receipt of incident reports and label information for the
three a.i.s considered in this Opinion was December 1, 2010.

On October 29, 2010, the U. S. District Court approved the agreed-upon 90-day extension to
complete the Opinion, and allowed flexibility in the number of Opinions NMFS issued to

complete for the batch of six chemicals under consultation.

On March 29, 2011, NMFS received grower-provided use information data from the Washington
State Department of Agriculture (supplemented by the USDA’s National Agricultural Statistics
Service (NASS)) on the known use of Washington State during the 2009 growing season for a

few commodities.

On April 26, 2011, EPA informed NMFS that they were sending the labels for all remaining
batches on DVD via courier. The DVD arrived the following day.

On June 30, 2011, NMFS received a schedule for the initial Batch 5 applicant meetings from

EPA. This includes applicants for oryzalin, trifluralin, and thiobencarb.

OnJuly 1, 2011, NMFS received a package from Dow and Dintec, including a cover letter, CD
with electronic copies of the master labels, and a hard copy summary of a fathead minnow
exposure study (Hoberg, 2006). NMFS also received a second package from Dow containing a
CD. This CD included the full Hogberg fathead minnow study, Master labels, spreadsheets from

Stone Environmental, and market research.

On July 19, 2011, NMFS met with EPA and the applicants for the consultation on oryzalin. The
applicant representatives were from MANA and Pyxis — an organization representing both
MANA and UPI. At the meeting Pyxis presented information on the GESTF GIS database. The

presentation was also sent to NMFS via email the same day.
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On July 19, 2011, NMFS received CFSs from BASF for pendimethalin products via registered

mail. The CFSs are CBI and were treated accordingly.

On July 22, 2011, NMFS met with EPA and applicants for the consultation on trifluralin. There

were representatives from Dow Agrosciences and Dintec Agrichemicals in attendance.

On August 2, 2011, NMFS received an email from EPA that included BEAD’s review of
oryzalin use data.

On August 4, 2011, NMFS received an email from EPA containing an electronic copy of the
presentation given by Dow at the July 22, 2011 meeting. On the same date, NMFS also received
an email from Steve Kay (Pyxis) containing four documents: a cover letter with additional
information about oryzalin, report on work done by GESTF, GESTF crop use summaries, and an

overview of the methodology and data.

On August 8, 2011, NMFS sent email to EPA with several questions regarding the trifluralin

labels. EPA provided answers to these questions on September 28, 2011.

On August 31, 2011, NMFS received an email from EPA confirming meeting dates for the
remaining applicants. These meetings addressed the following a.i.s: 1,3-D, bromoxynil,

diflubenzuron, fenbutain-oxide, pendimethalin, prometryn, propargite and racemic metolachlor.
On September 14, 2011, NMFS received a technical critique from Dow, concerning NMFS’
Pacific salmon population model used in previous pesticide Opinions. On the same day, NMFS

also received a full life-cycle toxicity test on midges from Dow.

On September 27, 2011, NMFS met with EPA and representatives from BASF, the applicant for
the consultation on pendimethalin. The BASF presentation was also provided electronically.

On September 27, 2011, NMFS contacted EPA with additional questions regarding trifluralin
labels. NMFS received responses from Dow Agrosciences, via EPA, on October 12, 2012.
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On September 30, 2011, NMFS received a revised CSF for one of the BASF pendimethalin

products via certified mail. The CFSs are CBI and were treated accordingly.

On September 29, 2011, NMFS also received electronic files relating to pendimethalin. EPA
provided a copy of the sign-in sheet, as well as an additional copy of the presentation given by
BASF at the September 27" meeting. BASF provided a copy of a presentation given at the
Denver ACS Endangered Species Symposium.

On October 13, 2011, NMFS decided to divide the remaining chemicals into four Opinions. The
team decided to move pendimethalin to the current Opinion in order to address all three
dinitroanilines at the same time. Molinate and Thiobencarb were split off into a stand-alone

Opinion, now called Batch 6.

On October 18, 2011, NMFS contacted EPA with questions regarding the pendimethalin labels.

EPA replied answering the questions that same day.

On December 16, 2011, NMFS contacted EPA with questions regarding the pendimethalin
labels. NMFS was informed that that EPA would work on the label clarifications.

On January 17, 2012, EPA contacted NMFS with answers to the questions NMFS has sent on
December 16, 2011.

On February 21, 2012, the court in the case of NCAP v. NMFS granted NMFS’ and NCAP’s
agreed-upon request for a 30 day extension for this Opinion, a 60 day extension for the Opinion
on thiobencarb, and 14 month extension for consultation on the seven remaining a.i.s. NMFS

informed EPA of the extension on February 23, 2012,

On March 8, 2012, EPA contacted NMFS to schedule a meeting to discuss the draft Opinion

with the pendimethalin applicants.
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On March 9, 2012, NMFS sent EPA several questions regarding maximum application limits on

oryzalin labels. Several emails were exchanged between March 12 and March 15, 2012,

On March 13, 2012, NMFS contacted EPA to schedule meetings to discuss the draft Opinion

with the oryzalin and trifluralin applicants.

On March 26, 2012, NMFS staff held a conference call with EPA staff from EFED and PRD to
discuss proposed RPAs. Based on this discussion, NMFS made some modifications to RPAs.

On March 30, 2012, NMFS transmitted the draft Opinion to EPA. EPA posted the draft Opinion
on their docket later that afternoon. EPA provided a public comment period for 30 days, with all
comments to be submitted to EPA by April 30, 2012. Between March 30 and April 30, 2012,
NMFS evaluated applicant and other stakeholder comments on RPAs that were available on
EPA’s regulatory docket, and made revisions as necessary. EPA requested an additional 10 days

to review public comments, and provide an agency response to NMFS by May 11, 2012.

On April 11, 2012, NMFS met with EPA and applicants for the consultation on trifluralin to
discuss the draft Opinion and RPAs. Representatives Dow Agrosciences and Dintec
Agrochemicals in attended. Applicants provided a written request for an extension on the Batch
5 final issuance date, and requested additional time to review the opinion. Comments on the
opinion and RPAs were provided to NMFS in a Powerpoint presentation. In the presentation
applicants cited several studies conducted in support of European registrations in their
presentation. These studies had not previously been submitted to EPA. Applicants stated they
would provide the studies to EPA and NMFS. Applicants also cited some studies by Francis et
al., 1985 in the presentation, and said those studies had been submitted to EPA, and NMFS could
get them from EPA.

On April 12, 2012, NMFS met with EPA and applicants for the consultation on pendimethalin to
discuss the draft Opinion and RPAs. Representatives from BASF were present. A representative
from USDA also attended this meeting. BASF did not have a formal presentation, but did
provide verbal comments on the RPAs.
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On April 12, 2012, NMFS met with EPA and applicants for the consultation on oryzalin to
discuss the draft Opinion and RPAs. Applicants, United Phosphorus, Inc, and Celsius BV were
represented by Pyxis, Inc at this meeting. Comments on the opinion and RPAs were provided to

NMFS in a Powerpoint presentation.

On April 16, 2012, BASF sent an email to NMFS and EPA with informal comments on the
RPA:s.

On April 26, 2012, NMFS sent an email to EPA requesting additional information on potential
drift/off-target deposition of granulars, effective width of vegetated buffers, and confirmation of
typical application methods for the three dinitroanilines.

On April 27, 2012, EPA sent two emails providing information about potential drift/off-target
deposition of granulars, effective width of vegetated buffers, and typical application methods for

the three dinitroanilines.

On April 30, 2012, NMFS received an email from EPA with comments from pendimethalin

applicants.

On May 1, 2012, NMFS contacted EPA to arrange a conference call to discuss RPA revisions.
On May 1, NMFS emailed EPA to inquire about the European studies referenced by trifluralin
applicants in their presentation, and to request the Francis et al 1985 study also referenced by the
applicants in their presentation.

On May 1, 2012, NMFS received an email from EPA with comments from oryzalin applicants.
On May 2, 2012, NMFS received an email from EPA with comments from trifluralin applicants.
The European studies referenced by trifluralin applicants in their presentation and in the

comments were not included. The Francis et al 1985 study referenced by the applicants in their
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presentation and two additional Francis et al 1985 studies referenced by the applicants the
comments were not included. Studies were conducted for applicants by contract laboratories and

are only available from applicants or from EPA if applicants have submitted them to EPA.

On May 7, 2012, NMFS staff held a conference call with EPA staff from EFED, PRD, and
BEAD to discuss proposed RPAs. Based on this discussion, NMFS made additional
modifications to RPAs.

On May 11, 2012, EPA provided formal comments on the draft Opinion and RPAs.

On May 14, 2012, EPA advised NMFS several additional comments had been posted to their
docket. These comments arrived at EPA before the deadline. Comments were provided to and
considered byNMFS.

On May 16, 2012, Dow AgroSciences, applicant for trifluralin, sent five additional studies to
NMFS. These studies, conducted between 1992 and 2004 in support of European registrations,
had not been previously submitted to either EPA or NMFS. NMFS evaluated the studies to see if
information contained therein changed the analysis or risk conclusions. Some information was

included in the Opinon directly; other evaluations are included in the administrative record.

On May 18, 2012, NMFS again requested the Francis et al 1985 study referenced in the
trfiluralin applicants presentation and also requested the other Francis et al 1985 studies from
EPA.

On May 23, 2012, EPA emailed NMFS copies of the three Francis et al 1985 studies referenced
in the trifluralin applicant’s formal comments. NMFS evaluated and documented this

information. It was consistent with existing analyses and was not incorporated into the Opinion.

On May 31, 2012, NMFS transmitted the final Biological Opinion on oryzalin, pendimethalin,
and trifluralin to EPA.
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Species Addressed in the BEs

EPA’s BEs considered the effects of pesticides containing the three a.i.s to 26 species of listed
Pacific salmonids and their designated critical habitat (EPA, 2003b, 2004b, 2004c). Two listed
species, the Lower Columbia River coho and the Puget Sound steelhead, were not considered in

the BEs. EPA’s determinations for the listed species are summarized in the table below (
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Table 1). Trifluralin was the only a.i. which EPA determined may adversely affect listed
salmonids ESUs. EPA determined that oryzalin and pendimethalin may affect, but are not likely
to adversely affect (NLAA) several ESUs or DPSs. Based on the analysis described in this
opinion, NMFS does not concur with any of the NLAA determinations made by EPA for any of

these three registrations.

When an action agency concludes that its action will not affect any listed species or critical
habitat, no consultation is required (NMFS & USFWS, 1998). However, when an action may
adversely affect listed species or designated critical habitat, or NMFS does not concur with the
action agencies’ NLAA determinations, NMFS conducts a formal consultation. During the
consultation, NMFS determines whether the action is likely to jeopardize listed species or
destroy or adversely modify critical habitat, then issues a biological opinion explaining the
analytical process and its determinations. NMFS conducted a formal consultation because EPA
concluded that registration of the trifluralin may adversely affect some listed Pacific salmonids,

and NMFS did not concur with any of the NLAA determinations for oryzalin and pendimethalin.

Once NMFS enters into formal consultation it considers all species and critical habitat that are
potentially affected by the action. In this Opinion, NMFS will analyze the impacts to all
ESUs/DPSs of Pacific salmonids present in the action area as well as to the two species of
salmonid listed after EPA provided its BEs to NMFS.
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Table 1 Determinations made by EPA for the three a.i.s (EPA, 2003b, 2004b, 2004c). NLAA
indicates that a “may affect, but not likely to adversely affect” determination was reached. The two

species that were not evaluated were not ESA listed at the time the BEs were issued.

Species ESU Oryzalin Pendimethalin Trifluralin
Puget Sound No Effect No Effect No Effect
Lower Columbia River NLAA No Effect NLAA
Upper Columbia River
Spring - Run NLAA No Effect May Affect
Snake River Fall - Run NLAA No Effect May Affect
Snake River
Chinook | Spring/Summer - Run NLAA No Effect May Affect
Upper Willamette River NLAA NLAA May Affect
California Coastal No Effect No Effect No Effect
gﬁﬂ”"’“ Valley Spring - NLAA No Effect May Affect
Sacramento River NLAA No Effect NLAA
Winter - Run
Hood Canal Summer - No Effect No Effect No Effect
Chum Run
Columbia River No Effect No Effect No Effect
Lower Columbia River not evaluated not evaluated not evaluated
Oregon Coast No Effect No Effect NLAA
Southern Oregon and
Coho Northern California No Effect No Effect No Effect
Coast
Central California NLAA No Effect No Effect
Coast
Ozette Lake No Effect No Effect No Effect
Sockeye -
Snake River No Effect NLAA May Affect
Puget Sound not evaluated not evaluated not evaluated
Lower Columbia River NLAA No Effect NLAA
Upper Willamette River NLAA No Effect May Affect
Middle Columbia River NLAA NLAA May Affect
Upper Columbia River NLAA NLAA May Affect
Snake River NLAA No Effect May Affect
Northern California No Effect No Effect No Effect
Steelhead C | Californ
entral California NLAA No Effect No Effect
Coast
California Central NLAA No Effect May Affect
Valley
South-Central NLAA No Effect No Effect
California Coast
Southern California NLAA No Effect No Effect
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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 oryzalin, pendimethalin, and trifluralin.’ The purpose of the
proposed action is to provide tools for pest control 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 the
approved label(s) (http:www.epa.gov/pesticides/regulating/registering/index.htm). 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).

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 products may include a.i.s and other ingredients, such
as adjuvants and surfactants. The FIFRA standard for registration is pesticides which “do not
cause unreasonable adverse effects to the environment.” 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 FFDCA (21 U.S.C. §346a)” 7
U.S.C. 136(b). EPA evaluates effects of the pesticide on human health via written human health
and ecological risk assessments, then publishes a registration decision based on these risk

assessments.

After registering a pesticide, EPA retains discretionary involvement and control over such

registration. EPA must periodically review the registration to ensure compliance with FIFRA

' EPA submitted three separate actions, one for each of the active ingredients. Because these a.i.s have a similar
mode of action, we chose to consider each a.i. in one document and use the term “action” to refer to all three actions.
However, we considered EPA’s action with respect to each a.i. independently.
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and other federal laws (7 U.S.C. 8136d). A pesticide registration can be canceled 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 encompasses the impacts to listed 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 the a.i.s oryzalin, pendimethalin, and trifluralin; their degradates,
metabolites, and formulations, including other ingredients within the formulations; adjuvants;
and tank mixtures. These activities comprise the stressors of the action (Figure 1). The BEs
indicate that the subject a.i.s are labeled for a variety of uses including applications to residential

areas, industrial areas, pastures, tree farms, and crop lands (EPA, 2003b, 2004b, 2004c)
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Registration and uses of pesticide labels

Active ingredients

Metabolites and Degradates

Other ingredients in formulations

Label-recommended tank mixtures

Adjuvants/surfactants added to
formulations

Figure 1 Stressors of the Action

Active and Other Ingredients. Oryzalin, pendimethalin, and trifluralin are the a.i.s that kill or
otherwise affect targeted organisms (listed on the label). Pesticide products that contain these
a.i.s also contain other ingredients that EPA defines as not “pesticidally active”. In the past these
have been referred to as “inert” 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 “other” 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,
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soluble powders, ultra-low volume concentrates, water-soluble bags, powders, and baits. 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. 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
eligibility for continued registration may be contingent on label modifications to mitigate risk
and can include phase-out and cancelation of uses and pesticide products. The terms of EPA’s
regulatory decisions are summarized in RED documents (EPA, 1994, 1996, 1997)

Registrants can submit applications for the registration of new products and new uses following
reregistration of an a.i. Several types of products are registered, including the pure (or nearly
pure) active ingredient, often referred to as technical grade active ingredient (TGAI), technical,
or technical product. This is generally used in manufacturing and testing, and not applied
directly to crops or other use sites. Products that are applied to crops, either on their own or in
conjunction with other products or surfactants in tank mixes are called end-use products (EUPS).

Sometimes companies will also register the pesticide in a manufacturing formulation, intended
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for sale to another registrant who then includes it into a separately registered EUP.

Manufacturing formulations are not intended for application directly to use sites.

The EPA may also cancel product registrations. EPA typically allows the use of canceled
products, and products that do not reflect RED label mitigation requirements, until those
products have been exhausted. Some cancelations include specific phase-out restrictions such as
a final sale or final use date. Labels that reflect current EPA mitigation requirements are referred
to as “active labels.” Products that do not reflect current label requirements are referred to as
“existing stocks.” EPA’s action includes all authorizations for use of pesticide products (existing
stocks, and active labels) containing the three a.i.s for the duration of the proposed action. None
of the a.i.s in this consultation are in the cancelation process. Some individual labels have
recently been proposed for cancelation, but no other details are available.

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.

Interrelated and Interdependent Activities. No interrelated and interdependent activities are

associated with the proposed action.

Registration Information of Pesticide a.i.s under Consultation. The proposed action
encompasses EPA’s registration of the uses (as described by product labels) of all pesticides
containing oryzalin, pendimethalin, and trifluralin. EPA provided copies of active product labels
for these three a.i.s. The following descriptions represent information acquired from review of

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

Oryzalin

Oryzalin is a dinitroaniline herbicide that is registered nationally for the control of certain annual
grasses and broadleaf weeds. It inhibits microtubule polymerization/function of cell division,

preventing seed germination and cellular respiration. Oryzalin is registered for use in fruit and
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nut crops, vineyards, Christmas tree plantations, ornamentals, turf, and several other non-crop

sites.

Currently, 16 companies have pending or active registrations with EPA to manufacture end-use
products containing oryzalin. There are two registered technical products, two registered
formulation intermediates, and 32 end-use products. These end-use products are registered for
use on urban, residential, and commercial areas in addition to agricultural crops (EPA, 2003b).
No forestry uses are registered. There are no Special Local Needs (SLN, Section 24c) or
emergency use registrations (Section 18) in California, Idaho, Oregon, or Washington for

oryzalin.
Usage Information.

Nation-wide estimates. Oryzalin use sites include agricultural food and feed crops, residential
ornamentals such as shrubs, lawn and turf, and commercial sites such as nurseries, golf courses
and rights-of-ways. EPA’s RED provides usage data for 1991, indicating that between 1.46 and
1.92 million pounds of a.i. was applied to 1 million to 1.86 million acres of turf and crops (EPA,
1994). EPA estimated 1.4 million pounds of oryzalin are applied annually in the United States
for agricultural uses. Agricultural use of oryzalin is heavily concentrated in California.
California accounted for 91% of national use between 1998 and 2008 (EPA, 2010a). It is
followed by Washington (5%), Florida (1%), and Oregon (1%). EPA estimated 156,000 Ibs. of

oryzalin are applied annually for non-agricultural purposes (EPA, 2010a).

The 2002 estimated use map provided by EPA’s Pesticide National Synthesis Project shows
oryzalin use is heavy in some areas of California, Oregon, and Washington®. The highest
estimated amount of oryzalin was applied to citrus fruits, followed by grapes and apples. These
three uses account for nearly 70% of national oryzalin use. Crops categories tracked by NASS in
2003 show a total nation-wide use of 157,000 Ibs(NASS, 2011). Of that total, 127,000 lbs were
applied to grapes.

? Map available at http://water.usgs.gov/nawga/pnsp/usage/maps/show_map.php?year=02&map=m1873
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State estimates. California’s PUR program tracks all agricultural use of pesticides. Between
2002 and 2005, oryzalin was used in 54 counties in California. Annual use in California has
ranged from 110,122 to 787,725 Ibs (CAL-DPR, 2010). In 2010, 601,809.91 Ibs of oryzalin was
applied; it was ranked 32 on the list of most-used pesticides®. Overall, the agricultural crops
representing the highest volume of oryzalin used are almonds (199,196 Ibs) and pistachios
(74,875 Ibs) followed by grapes, wine grapes, kiwi, and walnuts (roughly 43,000 Ibs each).
Applicators are not required to report non-agricultural applications, so figures are likely to be
under estimates. Of those voluntarily reported, the major contributors are landscape maintenance
(42,474 1bs) and rights-of-way (52,576 1bs).

Washington State Department of Agriculture estimates that a total of approximately 100,000 Ibs
of oryzalin were applied to seven crops in 2010 (WSDA, 2011a). Statistics were not available
for most of the other registered uses in the state. In 2009 certified applicators reported use of
23,119 Ibs of oryzalin for landscaping (WSDA, 2011a). There were no other estimates found for

the amount of oryzalin used for non-agricultural uses.

Market Data. Based on private market pesticide usage data from 1998-2008, the nationwide
annual agricultural usage was approximately 1.4 million pounds of oryzalin for almost 500,000
acres treated (EPA, 2010a). This analysis also identified almonds, grapes, and pistachios as the

major national markets.

For this consultation, the Action consists of the labeled uses of oryzalin. The use data provided
above will help to inform our analysis and identify the potential sources of risk to salmonids.
However, because use of pesticides fluctuates based on pest pressure, pest resistance to these and
other a.i.s, and environmental conditions including climate change, past use is not a reliable

predictor of use patterns that may occur over the next fifteen years.

¥ See Calif. Dept. of Pesticide Programs: http://www.cdpr.ca.gov/docs/pur/pur1Orep/top_100_ais_Ibs10.pdf
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Agricultural Uses. Orchard and vineyard crops including almonds, pistachio, grapes, apples,
apricots, cherries, citrus, lemon, nectarine, orange, peach, pear, plum, prune, quince, avocado,

figs, olive and walnuts, Christmas trees

Non-agricultural Uses. Landscape maintenance, golf courses, cemeteries, athletic fields, rights-

of-ways, residential areas/lawns, ornamentals, ornamental bulbs, and warm season turf grass.

Registered Formulation Types. Oryzalin products are formulated as dry flowable, liquid,
emulsifiable concentrate, wettable powder, dispersable granulars, soluable concentrates, ready-
to-use solutions and dust. Some products of oryzalin also contain benefin (benfluralin) a
preemergent herbicide, isoxaben an ingredient in one turf product, or oxyfluofen an herbicide for
preemergent or post emergent weed control used on ornamentals. Some turf products also

contain fertilizer.
Methods and Rates of Application.

Methods. Oryzalin can be ground applied using a variety of methods and equipment. It may be
applied as a spot treatment or broadcast application using ground boom sprayers, granule
spreaders, hand held nozzle sprayers, wick applicators, and by chemigation. Oryzalin is not
approved for aerial application. Depending on the formulation, the registered products are
applied to the soil surface prior to the emergence of weeds (prior to germination), or immediately
after cultivation. To facilitate activation and movement of the chemical, a single %2 to 1 inch
rainfall or sprinkler irrigation is recommended (EPA, 2010a). Applications to residential turf

and lawn are required to be watered in immediately.

Application Rates. Application rates are limited to 4-6 Ibs of oryzalin/A on the majority of
agricultural use sites (Table 2). Sites with the greatest application rates (6 Ibs a.i./A) include
crop and non-crop uses: orchards, vineyards, Christmas tree farms, industrial sites, and rights-of-
way. Multiple applications are permitted on several use sites. Typically, either the maximum
number of applications and/or maximum seasonal rate is specified. Up to 12 Ibs a.i./A may be
used on industrial sites, utility substations, highway guardrails, sign posts and delineators (EPA,
2003b).
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Table 2. Oryzalin use patterns in the action area

Max

Number

Lo Annual App.
Use(s) Use Site =EE 5D =lrgle G, App. Rate Interval | App. Method =E1oE)
category App. Rate per (Ibs a.i/A) (days) Number
(Ibs a.i./A) Year o
Perennial flowers Home owner Developed 0.2 3 0.6 120 Hand spray 802-565
Container and .
landscape grown Lan%rsoc% . gger\'/‘;ll‘(')t“éz' 6.0 2 12.0 120 Hi”?e‘;r dirrop 5905-5562
ornamentals P P P
Ground covers Non-crop Developed 6.0 2 12.0 120 Hi?;:e(;r doér:)p 5905-556°
Established Crop Agriculture 6.0 2 12.0 120 | Handordrop | ggng grg2
Flowers spreader
Ornamental bulbs Crop Agriculture 6.0 2 12.0 120 Has?)‘:e‘;; d‘lrrop 5905-556°
Non- bearing fruit Crop Agriculture 6.0 2 12.0 120 Hand or drop | 545 562
and nut trees spreader
Non-bearing Crop Agriculture 6.0 2 12.0 120 Hand ordrop | gq45 562
vineyards spreader
Non-bearing berries Crop Agriculture 6.0 2 12.0 120 Hasr;)(:ec;r d(lrrOp 5905-556°
Hand or drop 5905-5562
Christmas tree . spreader
, Crop Agriculture 6.0 2 12.0 120
plantations Broadcast
53883-168
spray
Industrial sites,
utility sub-stations,
highway guard rails, | .. Jrban Developed 6.0 2 12.0 120 Hand ordrop | 5o 562
; Rights-of-way spreader
sign posts,
delineators
Established tal Urban Developed 15 2 3.0 120 | Mandordrop | 505 5567
fescue P
Warm season turf Urban Developed 3.0 2 6.0 120 Hasr;)(:e(;r dderrop 5905-556°
Avocado Crop Agriculture 6 2 12 75 fhrgrﬁ‘q?gazgﬂ 54705-11
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Max. Number Annual App
Use(s) Use Site CENE) B Sl OIf (5910, App. Rate | Interval | App. Method 1L
category App. Rate per (Ibs a.i/A) (days) Number
(Ibs a.i/A) | Year ! Y
Fig Crop Agriculture 6 2 12 75 Groundand | /765 19
chemigation
Guava Crop Agriculture 6 2 12 75 Groundand | /765 19
chemigation
Kiwi Crop Agriculture 6 2 12 75 Groundand | /765 19
chemigation
Olive Crop Agriculture 6 2 12 75 Groundand | g,765 19
chemigation
. Ground and
Papaya Crop Agriculture 6 2 12 75 chemigation 54705-11
Pomegranate Crop Agriculture 6 2 12 75 Ground a_nd 54705-11
chemigation
Citrus Crop Agriculture 6 2 12 75 Ground a_nd 34704-865
chemigation
Bahiagrass Turf Developed 2 NS NS NS Granular 8660-150
spreader
Bermudagrass Turf Developed 2 NS NS NS Granular 8660-150
spreader
Centipedegrass Turf Developed 2 NS NS NS Granular 8660-150
spreader
Tall fescue Turf Developed 2 NS NS NS Granular 8660-150
spreader
St. Augustine Turf Developed 2 NS NS NS Granular 8660-150
grass spreader
70506-55;
Also
Warm season Drop or rotary- i(s:?)zggi
perennial turf Turf Developed 2.7 NS 8.0 90 type granular (0.29%) and
grasses spreader .
premixed
with
fertilizer.
Ornamental trees Hand held or
Landscape Developed 4 3 12 120 backpack 54705-5
and shrubs sprayer
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Max. Number Annual App
Use(s) Use Site CENE) B Sl OIf (5910, App. Rate | Interval | App. Method 1L
category App. Rate per (Ibs a.i/A) (days) Number
(Ibs a.i/A) | Year ! Y
Cemeteries, parks, Drop or rotary-
golf courses, athletic Turf Developed 2 3 6 90 type granular 70506-51

fields

spreader

1. NS = not specified on label, applicants indicate it is intended for one application/year
2. This product contains 1% oryzalin and 1% benefin by weight; amount of a.i. given includes both chemicals.

Note: The stamped label for 34704-823 provided by EPA had a maximum annual application rate of 15 |b ai/A.

authorized 12 Ib ai/A and the label is under amendment to reduce the annual application rate.

43

This value is greater than the




Metabolites and Degradates.

Oryzalin degrades quickly via aqueous photolysis (hours), but more slowly by other pathways
(days to weeks). A total of 12 degradates have been identified, consisting mostly of
benzenesulfonamides and benzimidazole sulfonamides. No single degradate represents more
than 10% of the applied parent. A number of the benzenesulfonamides retain the characteristic
dinitroaniline structure, but the benzimisazole sulfonamides and other compounds do not.
According to EPA, available data on degradates of oryzalin are insufficient to assess their runoff
characteristics or persistence in surface waters (EPA, 1994). EPA states there is no information
on degradates of dinitroaniline in information submitted by applicants or in open literature (EPA,
2009a, 2009b, 2010b).

Pendimethalin

Pendimethalin is a selective pre-emergent herbicide dinitroaniline herbicide used to control
grassy and broadleaf weed species (EPA, 2004b). It is a microtubule disruptor, inhibiting cell
growth in the roots of pre-emergent plants. Pendimethalin is used primarily in agricultural
settings, but is also registered for use on ornamentals, rights-of- way, and homeowner turf (EPA,
2004b). The primary registrant is BASF Corporation, with Dintec Agrichemicals, Drexel
Chemical Company, and REPAR Corp also holding technical registrations. There are 82 end-
use products sold by 17 companies. There are also 17 SLN labels registered in California, Idaho,

Oregon and Washington.
Usage Information.

Nation-wide estimates. Pendimethalin is registered for use in California, Idaho, Oregon and
Washington for a variety of crop and non-crop uses. The 2002 pesticide estimated use map
provided by USGS’s Pesticide National Synthesis Project shows that California’s Central Valley
is the area of highest use within the four-state area®. The USGS data indicates that, nationally,
the majority of pendimethalin is used on soybeans (39.6%), cotton (20.2%), corn, (19.4%),
sugarcane (6.3%), and peanuts (3.3%). Other individual crops account for less than 2% of the
total pounds of pendimethalin applied. Of the top uses, corn and cotton are the only crops

* Map available at http://water.usgs.gov/nawga/pnsp/usage/maps/show_map.php?year=02&map=m1629

44



typically grown in the four state area. Together, cotton and corn account for 39 % of the applied
pendimethalin nationwide. These use patterns are also reflected in NASS’s data. Between 1990 and
2006, soybeans, cotton, and corn have significantly higher total Ib/year than other crops (NASS,
2011).

State level estimates. The NASS Agricultural Chemical Use Database gives us an idea of some
of the use patterns within the states (NASS, 2011). While NASS only collects data on selected
states and crops, some use patterns are clearly visible. The crop with the highest total application
in California is upland cotton. The yearly total is generally over 100,000 Ibs, and only one other
crop is higher than 20,000 Ibs. In 1999, 56,000 Ibs of pendimethalin was used on California
almonds; almond use was not reported for any other years. NASS has data on pendimethalin use
for a limited number of crops in Idaho (potatoes), Oregon (onions, peas, potatoes), and
Washington (lima beans, onions, peas, potatoes, sweet corn). The Oregon data demonstrate that
very high percentages of bulb onions are treated; in three years over 90% of onion acres were
treated. Similarly, a high percentage of Washington’s lima beans were treated in the two years

included in the database (69% in 1998 and 79% 2000).

Recent use estimates from Washington State also show 93- 97% of onion acres are treated with
pendimethalin (WSDA, 2011b). This level of use equates to a total of 16,000 to 17,000 lbs
pendimethalin applied to onions. The same report estimates between 1,845 and 17,737 Ibs were
applied to mint. Washington State also provided an analysis of NASS data, showing high use on
alfalfa seed (40,225 Ibs) and potatoes (46,778 Ibs). Data were not available for any of the other

authorized uses within Washington.

The California DPR gives us a clear picture of past uses in that state. The 2010 use report shows
a 5% decrease in use from 2009. However, in 2009 pendimethalin use was 320,000 Ibs greater
than the previous year - this equates to a 22% increase from 2008(CAL-DPR, 2010). The reports
hypothesize that growers may be using pendimethalin as an alternative to trifluralin or oryzalin
in some crops. Both 2009 and 2010 reports link pendimethalin use to trends in acres of Round-
up Ready™ alfalfa use. The number of alfalfa acres treated with pendimethalin rose from 4,578

in 2005 to 228,162 in 2009(CAL-DPR, 2010). This number dropped slightly in 2010 to 221,000
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acres (CAL-DPR, 2011). Overall, the agricultural crops accounting for the greatest volume of
pendimethalin were alfalfa (498,800 Ibs), almonds (312,197 Ibs), and wine grapes (141,972 Ibs).
It is not mandatory to report non-agricultural applications, though a number are reported anyway.
Of those reported, the major contributors are landscape maintenance (36,820 Ibs), rights-of-way
(28,136 Ibs), and ornamentals (6,616 Ibs). The total reported pendimethalin use in 2010 was
1,722,158 Ibs. In 2010, pendimethalin was sixteenth on the list of most-used pesticides (total
Ibs) and the second highest herbicide used (acreage).

Market Data. We do not have access to an analysis of marketing data for pendimethalin at this

time.

For this consultation, the Action consists of the labeled uses of pendimethalin. The use data
provided above will help to inform our analysis and identify the potential sources of risk to
salmonids. However, because use of pesticides fluctuates based on pest pressure, pest resistance
to these and other a.i.s, and environmental conditions including climate change, past use is not a
reliable predictor of use patterns that may occur over the next fifteen years.

Agricultural Land, Crop Uses: Alfalfa, artichoke, asparagus, Bermuda grass (pasture), brassica
head and stem vegetables, carrots, Christmas trees, clover, corn (field, pop, seed, and sweet),
cotton, edible beans, fallow land, forage legumes, fruiting vegetables, garlic, grain sorghum,
green onions, lentils and peas, mint, non-cropland areas, onions and shallots, orchards (citrus,
pome, stone, and other fruits; olives and nuts), peanuts, perennial grasses, potatoes, rice,

soybeans, strawberries, sugarcane, sunflowers, tobacco, vineyards, wheat

Developed Land, Urban / Residential: Turf grass, lawns, ornamentals (including non-bearing

trees and vines), grounds maintenance, rights-of-way
Registered Formulation Types. Pendimethalin products are generally formulated as emulsifiable

concentrates or granules. End-use products contain pendimethalin or a combination of

pendimethalin and an additional a.i. or fertilizer. Two labels registered for use on agricultural

46



areas within the four-state area contain an additional a.i.; one formulation contains glyphosate

and the other sulfentrazone.

Mixtures. Most of the labels for agricultural crops recommend the use of additives. They suggest
using surfactants, liquid fertilizer (28%, 30%, 32% Urea ammonium nitrate UAN, or ammonium
sulfate), and crop oil concentrate. Several labels recommend tank mixtures for specific uses,
including atrazine on corn and glyphosate on cotton. Labels also suggest a variety of tank
mixtures for use on ornamentals, including Roundup Pro® (glyphosate), Finale® (glufosinate-
ammonium), Ornamec® (fluazifop-P-butyl), Gallery® (isoxaben), and Princep® (simizine). For
total vegetation control (i.e., bare ground), a mixture with Arsenal® (imazapyr, not permitted in
CA), Plateau® (imazapic), Roundup® (glyphosate), Karmex® (diuron), Finale® (glufosinate-

ammonium), or Oust® (sulfometuron methyl) is recommended (label 241-360).
Methods and Rates of Application.

Methods. Pendimethalin is applied as a liquid spray formulation. Pendimethalin can be applied
either by aerial equipment or using ground equipment to a variety of row crops, orchard crops,
vineyards, sod, seed, and rice (EPA, 2009a). Many labels state that efficacy will be improved by a
light rainfall, but do not require soil incorporation. Pendimethalin can also be applied to most crops
through an irrigation system. Home owner products are often formulated with a fertilizer and are

applied by push-spreaders.

All pendimethalin labels contain the following language to protect endangered plant species:
If endangered plant species occur in proximity to the application site, the following
mitigation measures are required:

e If applied by ground, leave an untreated buffer zone of 200 feet. The product must
be applied using a low boom (20 inches above the ground) and ASAE fine to
medium/coarse nozzles.

o If applied by air, leave an untreated buffer of zone of 170 feet. Must use straight-
stream nozzles (D-6 or larger); wind can be no more than 8 mph, and release height

must be 15 feet or less.
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These measures are a good step toward endangered species protection, though they do not

necessarily provide protection for listed salmonids.

Application Rates. Application rates range from a minimum of 0.48 to 4 Ib of pendimethalin per
acre for agricultural crops (Table 3). Agricultural uses are mostly limited to one application per
year, though that is not always explicitly stated on the label. Orchard crops are the exception,
allowing reapplication after 30 days. These are also the highest single application rates: 2-4 Ib
a.l./A with a yearly maximum of either 4 or 6 Ib a.i./A. While not explicitly stated, the yearly
maximum implies only 2 or 3 applications will occur. Ornamentals, non-crop land and
Christmas trees have a maximum use rate of roughly 2-4 lbs a.i./A. Turf use rates range from 1-
3 Ibs a.i./A. The application rates, subsequent applications, and reapplication intervals vary

depending on the species of grass and weeds.

Some end-use products include an additional active ingredient; each of these has multiple uses.
The Herbicide BAS 756 00 has a mixture of pendimethalin and glyphosate and is registered for
use on multiple crops (label 7969-254). Use rates range from 0.5 Ibs a.i./A pendimethalin/ 0.28
Ibs a.i./A glyphosate (alfalfa and cotton minimum) to 4.0 Ibs a.i./A pendimethalin/ 2.24 Ibs a.i./A
glyphosate (long term control in orchard / vineyards) (Table 4). Similarly, F7488-1 Herbicide is
a combination of pendimethalin and sulfentrazone (label 279-3359). Use rates for this product
range from 0.55 Ibs a.i./A pendimethalin/ 0.06 Ibs a.i./A sulfentrazone (dry beans and peas

minimum) to 2.95 Ibs a.i./A pendimethalin/ 0.32 Ibs a.i./A sulfentrazone (sugarcane) (Table 5).
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Table 3. Pendimethalin use patterns in the action area

Annual
Max. Single | Number App. App.
Use Use Site tz?g l(.)er App. Rate of App. Rate Interval App. Method Nt?nbgler
gory (Ibs a.i./A) | per Year (Ibs (days)
a.i./A)
Ground, air,
Alfalfa Crop Agriculture 4 NS'? 4 NS chemlgatlpn,flooded 241-337
basin irrigation systems,
on dry bulk fertilizer
Artichoke Crop Agriculture 4 1 4 NA? Ground, air 241-418
4
Asparagus Crop Agriculture [(1.14 on sandy 1 4 NA Ground, air 241-418
sail)
Citrus Trees Ground, chemigation,
bearin ' Crop Agriculture 2-4* NS 6 30 flooded basin irrigation 241-337
g system
Ground, chemigation,
Nut trees, bearing Crop Agriculture 2-4* NS 6 30 flooded basin irrigation 241-337
system
Pome Fruit Ground, chemigation,
. Crop Agriculture 2-4* NS 4 30 flooded basin irrigation 241-337
Trees, bearing
system
Stone Fruit Ground, chemigation,
. Crop Agriculture 2-4* NS 4 30 flooded basin irrigation 241-337
Trees, bearing
system
Olive trees, Ground, chemigation,
bearing and Crop Agriculture 2-4 NS 4 30 flood, flooded basin, 241-418
non-bearing gravity flow irrigation
. Ground, chemigation,
Othengli;;Trees, Crop Agriculture 2-4* NS 4 30 flooded basin irrigation |  241-337
g system
Bermuda grass Hay / Winter Ground. air
(winter dormancy y 5 | Agriculture 1-4 2 4 and L 241-418
o Pasture . chemigation
application) spring
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Annual

Max. Single | Number App. App.
Use Use Site tz?g l(.)er App. Rate of App. Rate Interval App. Method Nt?nbgler
gory (Ibs a.i./A) | per Year (Ibs (days)
a.i./A)
Brassica Head
and Stem Crop Agriculture 1 1 1 NA Ground, air 241-418
vegetables
Carrots Crop Agriculture 1 1 1 NA Ground, ar, 241-337
chemigation
Carrots grown for Crop Agriculture 2 1 1 NA Grqunql (layby 241-337
seed application only)
Clover grown for
seed Crop Agriculture 0.95-3.8 NS NS NS Ground 241-418
(ID, OR)
Corn 05 -2 chemigaton
(Field, Pop, Crop Agriculture | Dependingon | NS® 2 NS . gation 241-337
) 2 (Field corn only: culti-
Seed, Sweet) soil qualities
spray)
NS
05-2 .
Cotton Crop Agriculture | Depending on NS® 2 CA Grour_ld, ar, 241-337
) . allows chemigation
soil qualities .
app in
late fall
0.7 -15 1/
Edible Beans Crop Agriculture | Depending on | cropping | 0.7 — 1.5 NA Ground, air 241-337
soil qualities | season
1.4 (CA) Ground, air
Fallow Crop Agriculture 15 1 14-15 NA chemi étior] 241-418
(ID, OR, WA) g
05-1.2
Forage Legumes Crop Agriculture | Depending on NS NS NS Ground, air 241-337

soil qualities
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Annual

Max. Single | Number App. App.
Use Use Site tz?g l(.)er App. Rate of App. Rate Interval App. Method Nt?nbgler
gory (Ibs a.i./A) | per Year (Ibs (days)
a.i./A)
Fruiting 05-15
Vegetables Crop Agriculture | Depending on NS 15 NS Ground, air 241-337
(Pepper, Tomato) soil qualities
0.7-1.5 Ground, air
Garlic Crop Agriculture | Depending on NS 1.5 (CA) NS S 241-337
) I chemigation
soil qualities
0.7-15
Grain Sorghum Crop Agriculture Dependlqg on 1 0.7-15 NA Ground, air 241-337
soil qualities
and state
Green Onions
(Leeks, Spring Crop Agriculture 1 1 2 30 Ground, air 241-337
Onions)
Lentils and Peas 0.7-1.5
Crop Agriculture | Depending on 1 0.7-15 NA Ground, air 241-337
(Not CA) ) 2
soil qualities
Mint 0.7-2
Crop Agriculture | Depending on 1 2 NA Ground, air 241-337
(Not CA) ) 2
soil qualities
pome, Stone and Ground, air
bther Crop Agriculture 2-4 NS 4 30 chemigation, flooded 241-337
Eruit Trees basin irrigation system
Citrus Trees, A Ground, air
Trees an’d Crop Agriculture 2-4 NS 6 30 chemigation, flooded 241-337
S basin irrigation system
Vineyards
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Annual

Max. Single | Number App. App.
Use Use Site tz?g l(.)er App. Rate of App. Rate Interval App. Method Nt?nbgler
gory (Ibs a.i./A) | per Year (Ibs (days)
a.i./A)
07-15 Cles:
Depending on '
Onions and soil qualities CA: 1 ID, OR, Ground. air
([?Pallzﬁi) Crop Agriculture ID, OR, WA: ID,OR, m\i/xgr:al NS chemigation 241-337
y 15-2t0 | WA:2 :
control dodder soil 4,
. muck soil:
or on muck soil
5.9
Peanuts . Ground, air, i
(not CA) Crop Agriculture 1 NS NS NS chemigation 241-337
Potatoes Crop | Agriculture | 0.7-15 1 07-15| NA Ground, air, 241-337
chemigation
Rice . .
Dry Seeded Crop Agriculture 0.7-1 NS NS NS Ground, air 241-337
Rice Ground, air
CA Wet Seeded Crop Agriculture 0.7-1 NS NS NS (DQ not apply to fields 241-418
with standing water)
Soybeans 0.7-2
y Crop Agriculture | Depending on 1 0.7-2 NA Ground, air 241-337
(not CA) ) I
soil qualities
0.7-15 .
Strawberries Crop Agriculture | Nonbearing 1% 2 3 NS Gfo“’.‘d’ ar, 241-337
) chemigation 241-418
year: 1.6
Sugarcane Crop Agriculture 2-3 NS 6 NS Ground 241-337
0.7-1 Ground, air
Sunflowers Crop Agriculture | Depending on 1 0.7-1 NA (CA: Only pre-plant 241-337
soil qualities incorporated)
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Max. Single

Number

Annual
App.

App.

Use Use Site tz?g l(.)er App. Rate of App. Rate Interval App. Method Nt?nbgler
gory (Ibs a.i./A) | per Year (Ibs (days)
a.i./A)
Il_asyEyz: Ground
Tobacco Crop Agriculture ' ) 1 15-3 NS (preplant incorporated 241-337
Incorporated: S
2_3 or layby application)
1.5-3 Ground, air
Wheat Crop Agriculture | Depending on NS 3 NS S 241-418
) I chemigation
soil qualities
Perennial Ground. air
grasses grown for Crop Agriculture 2-4 23 4 NS Lo 241-418
chemigation
seed
Grapevine Ground, chemigation,
Bearing and non- Crop Agriculture 6 NS 6 30 and flood, flopded basin 241-418
beari and gravity flow
earing LTS
irrigation systems
Bermuda grass . .
pasture Pasture | Agriculture 1-4 ; g szr;itﬁr’ ?hrgrtrj]?dét?(l):% 69361-32
(Winter dormant) pring 9
Strawberries — OR 060007
First year Crop | Agriculture | 0.71-1.66 1 0.71 - NA Ground WA 060018
non-bearing 1.66
OR, WA (241-418)
ID 060016
Alfalfa OR 070027
for seed Crop Agriculture 0.99-3.6 1 3.6 NA d Groundl (34704-868)
ID OR (drop nozzles)
OR 080013
(1381-216)
Dry Bulb Onions . CA 060029
CA Crop Agriculture 0.48 -0.71 NS 1.52 NS Ground (241-418)
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ocukrwndE

Annual

Max. Single | Number App. App.
Use Use Site tz?g l(.)er App. Rate of App. Rate Interval App. Method Nt?nbgler
gory (Ibs a.i./A) | per Year (Ibs (days)
a.i./A)
ID 060009
Dry Bulb Onions . OR 060008
ID. OR, WA Crop Agriculture 0.48 —1.43 NS 1.43 NS Ground WA 070004
(241 - 418)
Perennial Grass ID 060020
grown for seed Crop Agriculture 1.98 - 2.97 NS 2.97 NS Ground, Chemigation | OR 070026
ID, OR (34704 — 868)
Clover grown for ID 060017
seed Crop Agriculture 0.99 —3.96 NS 3.96 NS Ground OR 070025
ID, OR (34704-868)
Turf grass Urban Developed 1.07 - 2.97 lor2 |Max:4.95| 35-56 Ground, aerial 241-360
Residential urban | hoveloped | 1.49-1.98 | 1or2 |Max:3.96| 35-56 Ground, aerial 241-360
Turf (6) Residential
Kochia Crop | Agriculture | 1.98 -3.96° NS NS NS Ground, aerial 241-360
Pasture
Urban 4 .
Ornamentals : . Developed 1.98 -3.96 NS NS NS Ground, aerial 241-360
Residential
Rights-of-way Any Any 1.07 - 2.97 lor2 |Max:4.95| 35-56 Ground, aerial 241-360
Christmas trees Crop Agriculture 1.98 -3.96" NS NS NS Ground, aerial 241-360

NS = not specified

NA = not applicable
Sequential applications are permitted, but total applied per season cannot exceed the maximum single application rate.
Use rate is based on desired length of weed control, e.g., short-term control vs. long-term control
Not permitted for use in range land
Residential is defined as turf in any residential situation as well as schools, parks, and playgrounds
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Table 4. Pendimethalin/Glyphosate use patterns in the Action Area (7969-254). Applications must be soil incorporated via sprinkler or
rainfall. Ranges are presented as use rate depends on soil texture and percent organic matter. Glyphosate application rates given in
acid equivalents.

Land Use Max. Single App. Number | Annual App. App.
Use Use Site cateqor Rate of App. Rate Interval App. Method
gory (Ibs a.i./A) per Year (Ibs a.i./A) (days)
05-25P 4p
Alfalfa Crop Agriculture 0.28 -1.4G NS! 224G NS Ground, aerial
Fruit a_nd Nut Trees Short-term control:
(Bearing and Non- 2P 120G 6P
bearing) Crop Agriculture _ I NS NS Ground
Vineyards (Non- Long-term control: 3.36 G
. 4P, 224G
bearing)
Corn® 1 per Ground, aerial,
(Field, Pop, Seed, Crop Agriculture 0.75-20P crop 20P NA? culti-spray
042-1.12G 112G .
Sweet) season (field corn only)
. 05-20P 20P .
Cotton Crop Agriculture 028-12G NS 112G NS Ground, aerial
. . 0.75-15P 15P .
Edible Beans Crop Agriculture 0.42 —0.84 G 1 084G NA Ground, aerial
. . 0.75-15P 15P .
Garlic Crop Agriculture 042 —0.84 G 1 084G NA Ground, aerial
Lentils and Peas . 0.75-15P 15P .
(Not CA) Crop Agriculture 0.42 — 0.84 G 1 084G NA Ground, aerial
Peanuts . 05-10P 10P .
(not CA) Crop Agriculture 0.28 — 0.56 G 1 056G NA Ground, aerial
Soybeans . 0.75-2.0P 20P .
(not CA) Crop Agriculture 042-12G 1 126G NA Ground, aerial
. 2-3P 6P .
Sugarcane Crop Agriculture 12-168G NS 336G NS Ground, aerial
Sunflowers . 1-15P 15P .
(not CA) Crop Agriculture 056 - 0.84 1 084G NA Ground, aerial

NS = not specified
NA = not applicable
Recommends applying with up to 1.2 Ib a.i. per acre of atrazine; Do not apply in no-till in CA

wn e
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Table 5. Pendimethalin/Sulfentrazone use patterns in the Action Area (279-3359). Ranges are presented as use rate depends on saoil
texture and percent organic matter.

Use Land Use Max. Single Number Annual Aop. Interval
Use Site cateqor App. Rate of App. App. Rate p?da s) App. Method
gory (Ibs a.i/A) | perYear | (Ibs a.i/A) Y
Corn 0.62 -1.89 P 1.89 P Ground, aerial, chemigation
(Fl(;lg,eg)op, Crop Agriculture 0.07-0.21 S NS 0.21S NS dry fertilizer impregnation
. 0.66-1.48P 1.48 P Ground, aerial, chemigation,
Peanuts Crop Agriculture 0.93-0.16 S NS 0.16 S NS dry fertilizer impregnation
. 0.71-1.43P 1.43P Ground, aerial, chemigation,
Potatoes Crop Agriculture 0.08-0.16 S NS 0.16 S NS dry fertilizer impregnation
. 0.71-1.43P 143 P Ground, aerial, chemigation,
Soybeans Crop Agriculture 0.08-0.16 S NS 0.16 S NS dry fertilizer impregnation
. 1.97-295P 295P .
Sugarcane Crop Agriculture 022-032S NS 0325 NS Ground, aerial
Sunflowers . 0.69-1.43 143 P Ground, aerial, chemigation,
(not CA) Crop Agriculture 0.08 - 0.16 NS 0.16 S NS dry fertilizer impregnation
Tobacco 1.43P . S
(not shade Crop Agriculture 0.69-0.98P NS 0.16 S NS Gcrjou?d, _:Ia_ena!, chemlga_non,
grown) 0.08-0.11S ry fertilizer impregnation
Dry Beans . 055-1.43P 143 P .
and Peas Crop Agriculture 0.06—016S NS 016 S NS Ground, aerial
Mint . 0.69-1.43 143 P .
(not CA) Crop Agriculture 0.08 —0.16 NS 016 S NS Ground, aerial
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Metabolites and Degradates.

Pendimethalin degrades very slowly via any pathway (weeks to months)(EPA, 2009a). Four
degradates have been identified. One degradate is 9.3% of applied parent, all others are less than
2%. All degradates maintain the characteristic dinitroaniline structure. EPA states there is no
information on degradates of dinitroaniline in information submitted by applicants or in open
literature (EPA, 2009a, 2009b, 2010b). No fate information is available for any of the

degradates.

Trifluralin

Trifluralin is a selective pre-emergent dinitroaniline herbicide used to control annual grasses and
broadleaf weeds (EPA, 2004c). It has a variety of labeled uses, including numerous food crops,
rights-of-ways, ornamentals, cottonwood plantations, turf, and home lawns and gardens. In this
Opinion, “home owner uses” refers to products that can be applied by members of the general public,
while “residential uses” covers products / rates that require special permitting or licensing. The
technical registrants are Dow Agrosciences, Dintec, Drexel, Agan Chemical Manufacturers, Aceto
Agricultural Chemicals Corp, Industria Prodotti Chimichi S.P.A., and Atanor S. A. There are over
100 end-use products containing trifluralin sold by 39 different companies. Dow Agrosciences also
produces two formulated products for manufacturing use which are a combination of trifluralin and
benefin (labels 62719-317 and 62719-318). There are also seven Special Local Needs (SLN, or
Section 24c) registrations in California, Idaho, Oregon and Washington. There are no emergency use

(Section 18) registrations for trifluralin.

Trifluralin is a foundation herbicide in many integrated weed management programs (DAS, 2011). It
is used to control weeds early in the growing season, protecting the yield potential of crops by
eliminating competitors. Trifluralin is also effective against weed species that have developed
resistance to other commonly used herbicides (DAS, 2011). It plays a role in weed resistant

management programs that require use of herbicides with different modes of action.
Usage Information.

Nation-wide estimates. Trifluralin is used in all four states covered by this action — California,
Idaho, Oregon and Washington. The 2002 estimated use map provided by USGS’s Pesticide

National Synthesis Project shows trifluralin use is greater in California than in the other three
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states®. Nation-wide, the major agricultural uses for trifluralin are soybeans and cotton (EPA,
2004c, 2009b). Soybeans are not a significant crop within the four state area covered in this

Opinion. Cotton is grown in California, but not the other states.

The NASS dataset also shows the greatest amount of trifluralin is used consistently on soybeans
and upland cotton. The available information for California crops shows highest usage in upland
cotton, followed by processing tomatoes. As with pendimethalin, there is limited information on
Idaho, Oregon and Washington crops.

State level estimates. In 2010, a total of 472,479.85 Ibs of trifluralin were applied in California
(CAL-DPR, 2011). Alfalfa had the greatest use with 221,905 Ibs applied, followed by
processing tomatoes (83,022 Ibs), safflower (26,126 Ibs), cotton (24,546 Ibs), and almond
(20,376 Ibs). All remaining uses had fewer than 10,000 Ibs applied, and most were below 5,000
Ibs. Non-agricultural uses that were reported include ornamentals (2,104 Ibs), landscape
maintenance (1,990 Ibs), and rights-of-way (1,043 Ibs).

Washington State estimated that trifluralin use in 2002 was roughly 50,000 Ibs, with almost
40,000 Ibs used on alfalfa, and the remainder on asparagus (9,000 Ibs) and wheat (750 Ibs) (EPA,
2004c). More recent estimates show application to alfalfa seed, asparagus, mint, potatoes, and
green peas (WSDA, 2011c). Washington State Department of Agriculture provided estimated
use rates and percentage of total crop-acres treated, but not the total amount applied. They did
not have estimates for any of the other labeled uses. Use estimates are not available for Idaho or

Oregon.

Market Data. At the July 22, 2011 meeting, Dow Agrosciences provided an analysis of the
market data from a third party market research organization. Roughly 10% of the total trifluralin
use in the US is in the four-state area (McMaster, Breaux, & Poletika, 2011). California uses the
most at 9% of the nearly 6 million Ib applied. The majority of it was used on alfalfa, tomatoes,

and cotton (McMaster, et al., 2011). These uses are consistent with top uses reported by

> Map is available at http://water.usgs.gov/nawga/pnsp/usage/maps/show_map.php?year=02&map=m1361 accessed
on August 12, 2011.
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California DPR. In Idaho, trifluralin use was highest on dry beans and peas, followed by
potatoes with minor use on sugar beets. Oregon had the highest use on potatoes, beans, and
minor uses on other vegetables. Finally, Washington has the highest use on asparagus, followed
by peas, potatoes, and carrots. There is some discrepancy between the Dow’s data from the third
party market research data and that provided by Washington State Dept of Agriculture — notably
the absence of alfalfa in the market research data. This may be due to comparing data across

years.

Dow presented information regarding non-crop uses of trifluralin. While there are a number of
labels for turf products, their data show that turf is no longer a significant market for trifluralin.
Third party market research data shows a decrease in turf uses over time, leveling off in the past
few years. Dow believes this change is the result of the introduction of less expensive, more
efficacious products coming on the market (applicant meeting, July 22, 2011). Other non-crop
uses, such as rights-of-way, are also fairly uncommon for the same reasons. The soil

incorporation requirement may make trifluralin a less desirable product for these uses.

For this consultation, the Action consists of the labeled uses of trifluralin. The use data provided
above will help to inform our analysis and identify the potential sources of risk to salmonids.
However, because use of pesticides fluctuates based on pest pressure, pest resistance to these and
other a.i.s, and environmental conditions including climate change, past use is not a reliable

predictor of use patterns that may occur over the next fifteen years.

Agricultural Crop Uses: alfalfa, asparagus, beans, Bermuda grass grown for seed, broccoli raab,
cereal grains, field corn, carrots, celery, chickory, clover grown for seed (CA), cole crops,
collards, cotton, cottonwood trees grown for pulp, crambe, cucurbits, durum, eggplant, flax, field
grown roses, grain sorghum, greens (kale, mustard, turnip), guar, hops, kenaf, lupine, okra,
onions, peas, peppers, peppermint, potatoes, radishes, rapeseed, safflower, soybeans, no-till
soybeans, spearmint, sugar beets, sugarcane, tomatoes, citrus trees (bearing and non-bearing),

stone fruit trees, nut trees, vineyards, wheat, Christmas tree plantations, ornamentals
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Developed Land, Urban / Residential: Container grown ornamentals, nursery stock, ground
cover, established flowers, ornamental bulbs, non-bearing trees and vines, turf, golf courses,
graveyards, athletic fields, under paved surfaces, non-crop land (industrial sites, utility
substations, highway rights-of-way), homeowner uses (ornamentals, home lawns, flower

gardens, vegetable gardens)

Registered Formulation Types. Trifluralin products are generally formulated as emulsifiable
concentrates or granules. There are a few specialized products that incorporate trifluralin into
filters, landscaping fabrics, and mulches. Several trifluralin products are formulated with one or
two additional a.i.s. These formulations are used almost exclusively on turf and ornamentals,
though there are a few exceptions (Table 6). Formulations for turf and ornamental use which
had multiple a.i.s had a lower percent by weight of trifluralin than those with only trifluralin; the
overall amount of a.i. in the formulation was 1-2% regardless of the number of a.i.s. There is

one formulation not included, label 241-307, as it is not permitted for use within the action area.

Table 6. Trifluralin formulations with additional a.i.s.

Formulation Use S
Number

Trifluralin 3% (ID, OR, WA) Barley, Green and Field Dried Peas, 10163-298
Triallate 10% Durum Wheat, and Winter Wheat
Trifluralin 32% ;
Clomazone 21.8% Soybeans and Cotton (not in CA) 279-3104
Trifluralin 0.375%
Oxadiazon 0.5% Commercial turf uses (cemeteries, golf courses, 52287-10
Benefin 0.375% etc.)
Fertilizer
Trifluralin 0.25% : .

. Commercial turf uses (cemeteries, golf courses,
Benefin 0.25% etc.), ornamental shrubs, vines, trees, ground 52287-11
Oxadiazon 0.75% AR » Vines, frees, g
Fertilizer
Trifluralin 0.25% . .

. Commercial turf uses (cemeteries, golf courses,

Benfluralin 0.25% .

: etc.), ornamental shrubs, vines, trees, ground 52287-12
Oxadiazon 1% covers
Fertilizer
Trifluralin 3% Nursery stock, container grown ornamentals,

52287-15

Oxyfluorfen 2% landscape ornamentals
Trifluralin 10% Agricultural crops, Pot-In Pot Nursery production 5005-554
Indole-3-butyric acid 0.001% of trees and shrubs
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Label

Formulation Use Number
Trifluralin 0.39%
; 62719-150
Benefin 0.76% Turf grass
Fertilizer 62719-331
Trifluralin 0.31%
; 62719-151
Benefin 0.61% Turf grass
Fertilizer 62719-332
Trifluralin 0.43%
; 62719-152
Benefin 0.82% Turf grass
Fertilizer 62719-327
) ) 0
;22‘;?;:‘1 %g;o & Turf grass 62719-137
Landscape ornamentals, Christmas tree
Trifluralin 2.0% plantations, container and field grown 62719-175
Isoxaben aﬁd isomers 0.5% ornamentals, ground cover, established flowers, 66222-224
70 ornamental bulbs, non bearing fruit and nut trees 9198-252
and non bearing vineyards
Trifluralin 0.27%
i 0,
ggﬁgﬁﬁ% %g‘f', e 0.27% Turf grass 62719-192
Fertilizer
Trifluralin 0.39%
0,
g’g:gﬁﬁ% 07613330/0 Lawn and ornamental 62719-280
Fertilizer
Trifluralin 0.43%
Benefin 0.43% Lawn and ornamental 62719-289
Fertilizer
Trifluralin 0.29%
Benefin 0.57% Lawn and ornamental 62719-290
Fertilizer
Trifluralin 2% Landscape ornamentals, ground cover,
. established flowers, ornamental bulbs, non
Isoxaben and isomers 0.25% - . . 62719-516
Oxyfluorfen 0.25% b_earlng fruit and nut trees and non bearing
) vineyards
Trifluralin 0.50%
1 0,
Ei';gggg;? d/(;somers 0.38% Lawn and ornamental 62719-565
Fertilizer
Trifluralin 0.38%
Benefin 0.76% Turf grass 8378-17
Fertilizer
Trifluralin 0.43% Home lawns, golf courses, parks, ornamental and
Benfluralin 0.84% awns, g » parks, 8378-18
Fertilizer recreational turf
Trifluralin 0.5% Home lawns, golf courses, parks, ornamental and
Benefin 1% ' 9 » parks, 8378-19

Fertilizer

recreational turf

61




Formulation Use Ll
Number

Trifluralin 0.30%
Benefin 0.62% Lawn and golf course 8378-20

- 9198-94
Fertilizer
Trifluralin 0.48% Apartment and condo complexes, home lawns,
Benefin 0.93% golf courses, parks, ornamental and recreational 8378-37
Fertilizer turf
Trifluralin 0.38%
Benefin 0.77% Lawns and golf courses 9198-79
Fertilizer
Trifluralin 0.385%
Benefin 0.770% Turf grass 961-346
Fertilizer
Trifluralin 0.515%
Benefin 1.03% Turf grass 961-348
Fertilizer

. . Non-residential turf: sports fields, cemeteries, golf
0,
Trifluralin 1.5% courses, industrial sites, non-cropland, parks, 961-370
Isoxaben 0.375% ! .
rights-of-way, roadsides

Trifluralin 0.43% . . i ' .
Triethylamine salt of triclopyr 0.5% f hts-of'—wa roadsides’ P P ' 961-391
Triethylamine salt of clopyralid 0.18% 9 Y

Mixtures

The trifluralin labels recommend a number of products that may be applied either concurrently or
subsequently (Table 7). These suggestions are generally crop specific, with cotton and soybeans
having the greatest number of combinations. It is important to note that these mixture
suggestions only appear on labels that have trifluralin as the only a.i. The only formulation that
includes an additional a.i. and has suggested mixtures with other pesticide products is not

authorized for use within the action area (label 241-307).
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Table 7 Product combinations suggested on trifluralin labels.

Crop Type of mixture Product” Label"
10163-99
241-343
2749-542
Caparol, Prometryne, Cotoran (not
. 279-3104
CA), Zorial, Canopy, Lasso, Dual,
5905-519
. Command, Command and Lexone,
Tank Mix 5905-521
Command and Sencor, Fleumetron,
) . 66330-222
Meturon, Riverside Prometryne,
Riverside Fluometuron 4L (not CA) 66330-226
Cotton 67959-4
9779-303
9779-341
10163-99
241-343
Karmex 80W, Cotoran, Zorial, 42750-34
Overlay Diuron, Fluometuron, Aorial 5905-519
’ ' 5905-521
9779-303
9779-326
10163-99
19713-254
Sencor, Lexone, Vernam, Scepter, 241-343
. . 2749-542
Amiben, Preview, Canopy,
L 34704-792
Metribuzin, clomazone (not CA), 279-3104
metribuzin + clomazone (not CA),
. 5905-519
Tank Mix Command, Command + Sencor,
. 5905-521
Command + Lexone, Amiben + 66330-222
Sencor, Amiben + Lexone, dual,
. . 66330-226
Dual Il, Lasso, Fronteir, Micro-Tech, 67959-4
Partner, Preview, Pursuit 68156-4
9779-303
Soybean 9779-341
Sencor, Canopy, Dual, Lasso,
Lexone, Lorox, Lorox plus, Preview,
Pu.rswt, Scepter, Sencor, 2749-542
Aciflurofen (Blazer or Tackle),
i o 279-3104
chlorimuron ethyl + metribuzin,
chlorimuron ethyl + linuron 35935-1
Overlay L i+ ' 42750-34
metribuzin, metribuzin +
. 5905-519
chlorimuron products, alachlor,
vernolate, metolochlor, linuron 9779-326
’ ' ’ 9779-341

imazethapyr, imazaquin, Gemini,
Command, Dual Il, Frontier, Micro-
Tech, Partner, Judge, Amiben
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Crop

Type of mixture

Product’

Label’

Post-emergence treatment
following pre-plant
incorporation (not in CA)

Basagran, Blazer, Classic, Cobra,
Galaxy, Pinnacle, Pursuit, Reflex,
Scepter, Storm, Bentazon,
acifluorfen, chlorimuron, ethyl,
lactofen, thifensulfuron, imazaquin,
imazethapyr, fomesafen, Tackle,
Canopy, Dual, Lasso, Lexone,
Lorox, Lorox plus, Preview, Sencor,
Concert, Flexstar, Reliance STS,
Scepter QT, Synchrony STS

2749-542
35935-1

42750-34
5905-519
9779-303
9779-326

Dry Bean

Tank Mix

Eptam

10163-99
241-343
2749-542
5905-519
5905-521
66330-222
66330-226
9779-341

Corn

Tank Mix

Atrazine

10163-99
19713-254
2749-542
35935-1
5905-519
67959-4
9779-303
9779-341

Grain Sorghum

Tank Mix

Atrazine

10163-99
19713-254
2749-542
35935-1
5905-519
67959-4
9779-303
9779-341

Pea

Tank Mix

Far-Go (ID, OR, WA), Avadex

10163-99
241-343
2749-542
35935-1
5905-519
5905-521
66330-222
66330-226
67959-4
9779-341
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Crop

Type of mixture

Product’

Label’

Potato

Tank Mix

Eptam (ID,OR, WA), EPTC

11773-17
2749-542
34704-853
35935-1
5905-519
66330-222
66330-226
67959-4
68156-4
9779-303
9779-341

Peanut

Tank Mix

Vernam

241-343
5905-521

Wheat

Tank Mix

Avadex

241-343

Sugar Beets

Tank Mix or Overspray

Eptam, EPTC

2749-542
35935-1

5905-519
9779-303

Durham

Tank Mix

Far-Go

34704-792
5905-519
66330-226
67959-4
9779-303
9779-341

Barley

Tank mix

Far-Go

34704-792
5905-519
5905-521
66330-226
67959-4
9779-303
9779-341

Sunflower

Tank Mix

EPTC, Amiben

35935-1
66330-222
66330-226

Spring Wheat

Tank Mix

Far-Go

5905-519
66330-222
66330-226
67959-4
9779-303
9779-341

1. Product and label columns are cumulative - each label suggests a subset of product
combinations.
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Methods and Rates of Application.

Methods. Trifluralin may be applied with a wide range of application equipment including
aircraft, ground spray, drop or rotary spreader, hand held granule applicator, shaker jar and soil
broadcast treatment. It may also be applied via chemigation for certain crops. Trifluralin must
be soil incorporated, either mechanically or by watering the product into the soil. Mechanical
incorporation is more prevalent than watered in products. Some labels require two separate
incorporations, one within 24 hours of application and another five days after application.
Trifluralin may be applied at various stages including pre-plant, pre-emergence, emergence,
dormant stage, established plantings, post-emergence, and/or post harvest.

Application Rates. Application rates are generally 0.5 to 2 Ib of trifluralin per acre for
agricultural crop (Table 8). Agricultural uses are mostly limited to one application per year.
Ornamentals, non-crop land and Christmas trees have a maximum use rate of 4 Ibs a.i./A, though
reapplication is allowed after roughly two months. Turf uses have a maximum of 1 Ib a.i./A, and
homeowner uses are even lower at 0.4 — 0.6 Ib a.i./A, also with a reapplication interval of
roughly two months. The highest use rate is for a construction use, where an area is treated prior
to paving at a rate of 16 Ib a.i./A.
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Table 8. Trifluralin use patterns in the Action Area.

Max. Single

Number of

Annual App.

App.

Use Use Site Iéael?gggf; App. Rate App. per Rat_e Interval App. Method N':J?:S(Lr
(Ibs a.i./A) Year (Ibs a.i./A) (days)
Alfalfa Crop Agriculture 2 2 4 max NS Ground, aerial | 62719-131
Asparagus Crop Agriculture 1-2 1 1-2 NA Ground, aerial | 62719-131
Barley Crop Agriculture 0.5-0.75 1 0.5-0.75 NS Ground, aerial | 62719-131
Beans (dry) Crop Agriculture 05-1 1 0.5-1 NA Ground, aerial | 62719-131
Beans (fresh) Crop Agriculture 05-1 1 0.5-1 NA Ground, aerial | 62719-131
Guar Crop Agriculture 0.5-0.75 1 0.5-0.75 NA Ground, aerial | 62719-131
Carrot Crop Agriculture 05-1 1 0.5-1 NA Ground, aerial | 62719-131
Celery Crop Agriculture 05-1 1 0.5-1 NA Ground, aerial | 62719-131
Chicory Crop Agriculture 05-1 1 0.5-1 NA Ground, aerial | 62719-131
Cole Crops Crop Agriculture 05-1 1 0.5-1 NA Ground, aerial | 62719-131
Collard Crop Agriculture 0.5-0.75 1 0.5-0.75 NA Ground, aerial | 19713-254
Corn —field corn Crop Agriculture 0.375-1 1 0.375-1 NA Gcrrc])::q(iﬂé:ﬁeorinal 62;126121
Cotton Crop Agriculture 2 NS 4 NS Ground, aerial | 62719-131
Cottonwood or
Poplar trees Crop Agriculture 2 NS NS NS Ground, aerial 68156-4
grown for pulp

Crambe Crop Agriculture 05-1 1 05-1 NA Ground, aerial | 62719-131
Cucurbits Crop Agriculture 05-1 NS NS NS Ground, aerial | 62719-131
Durum Crop Agriculture 05-.75 1 0.5-0.75 NS Ground, aerial | 62719-131
Eggplant Crop Agriculture 05-1 1 05-1 NA Géﬁgrrﬁégﬁgiﬁ" 66222-46
Flax Crop Agriculture 05-1 1 05-1 NA Ground, aerial | 62719-131
Grai rz rﬁﬁ:f)’h”m Crop Agriculture | 0.4-1 1 0.4-1 NA Gcrﬁ:;?é:tfgina' 62;;23_21

67




Max. Single Number of | Annual App. App.
Use Use Site Iéaa'::g LcJ,rse App. Rate App. per Rate Interval App. Method N':J?:S(Lr
gory (Ibs a.i./A) Year (Ibs a.i./A) (days)
Greens (Kale,
Mustard, and Crop Agriculture 0.5-0.75 1/ season NS NS Ground, aerial | 62719-131
Turnip)
Hops Crop Agriculture 0.5-0.75 1 0.5-0.75 NS Ground, aerial | 62719-131
Kenaf Crop Agriculture 0.5-0.75 1 0.5-0.75 NS Ground, aerial 68516-4
Lupine Crop Agriculture 05-1 1 05-1 NA Ground, aerial | 66222-46
Okra Crop Agriculture 05-1 1 05-1 NS Ground, aerial 68516-4
Onion Crop Agriculture | 0.375-0.626 1 0.375-0.626 NA Ground, aerial | 62719-131
Peas Crop Agriculture 05-1 1 05-1 NA Ground, aerial | 62719-131
Pepper Crop Agriculture 05-1 1 05-1 NA Ground, aerial | 62719-131
Peppermint Crop Agriculture | 0.5-0.75 1 0.5-0.75 na | Aerial ground, | pang o
chemigation
Potatoes Crop Agriculture 05-1 1 05-1 NA Ground, aerial | 62719-131
Potatoes 0375
Crop Agriculture | tank mix with 1 0.38 NS Ground, aerial 68516-4
(ID, OR, WA)
Eptam
Radish Crop Agriculture .05-0.75 1 0.5-0.75 NA Ground, aerial 68516-4
Rapeseed . .
(canola) Crop Agriculture 05-1 1 05-1 NA Ground, aerial | 62719-131
Safflower Crop Agriculture 0.5-1.25 1 05-1.25 NA Ground, aerial | 62719-131
1.25
Soybean Crop Agriculture (.1‘50 . 1 1.25 NA Ground, aerial 68516-4
applied with
dry fertilizer)
No-till Soybeans . 4 .
Not CA Crop Agriculture 2 2 Ground, aerial 68516-4
Spearmint Crop Agriculture | 0.5-0.75 1 0.5-0.75 Na | Aenal ground, | gan 6 4
chemigation
Sugar Beets Crop Agriculture 0.5-0.75 1 0.5-0.75 NA Ground, aerial | 62719-131
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Max. Single Number of | Annual App. App.
Use Use Site Iéaa'::g LcJ,rse App. Rate App. per Rate Interval App. Method N':J?:S(Lr
gory (Ibs a.i./A) Year (Ibs a.i./A) (days)
Sugarcane Crop Agriculture 1-2 2 2-4 6 months | Ground, aerial | 62719-131
Sunflower Crop Agriculture 05-1 1 05-1 NA Ground, aerial | 62719-131
Tomato Crop Agriculture 05-1 1 05-1 NA Ground, aerial | 62719-131
New:
Non-bearing . 05-1 .
citrus trees Crop Agriculture Established: NS NS NS Ground, aerial 68516-4
1-2
New:
. . 05-1 .
Citrus Tree Crop Agriculture Established: NS NS NS Ground, aerial 68516-4
1-2
New:
. . 05-1 .
Stone Fruit Tree Crop Agriculture Established: NS NS NS Ground, aerial 68516-4
1-2
New:
. 05-1 .
Nut Tree Crop Agriculture Established: NS NS NS Ground, aerial 68516-4
1-2
New:
. . 05-2 :
Vineyards Crop Agriculture Established: NS NS NS Ground, aerial 68516-4
1-2
Wheat Crop Agriculture 0.5-0.75 1 0.5-0.75 NS Ground, aerial | 62719-131
Winter Wheat
(fallow Crop Agriculture | 0.75-1 1 0.75-1 NS | Ground, aerial | 62719-131
application ID, | ' k
OR, WA)
Wheat -
Summer fallow
for spring Crop Agriculture 05-1 1 05-1 NS Ground, aerial | 62719-131

seeded wheat
durum, or barley
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Max. Single Number of | Annual App. App.
Use Use Site Iéaa'::g LcJ,rse App. Rate App. per Rate Interval App. Method N':J?:S(Lr
gory (Ibs a.i./A) Year (Ibs a.i./A) (days)
Ornamentals | -@ndscape | Developed / 4 NS 12 60 | ProporRot@ary | gr019 98
Crop Agriculture Spreader
Container
Grown
Ornamentals,
Nursery Stock, Landscape | Developed / Drop or Rotary | 62719-98
Ground Cover, Cro Agriculture 4 NS 12 60 Spreader 62719-175
Established P 9 P
flowers,
Ornamental
Bulbs
Roses —field .
grown Crop Agriculture 2 NS 2 NS Ground spray | 62719-97
Christmas Tree . Drop or Rotary
Plantations Crop Agriculture 4 NS 12 60 Spreader 62719-98
Cool Season
Turf Grass: Cool:
0.8 Cool: 1.6 56-70 Droo or Rotar
Turf Turf Developed 2 Sp reader Y| 62719-137°
Warm Season Warm: 2.0 Warm: P
Turf Grass: 70-84
1.0
Industrial
sites, Utility Drob or Rotar
Non-Cropland substation, Developed 4 NS 12 60 P Y1 62719-98
; Spreader
Highway
rights-of-way
Under Paved Urban,
Residential, | Developed 16 NA NA NA Sprayer 62719-97
Surfaces o
Industrial sites
Cool:
Residential, 56-70
Home Lawns & Home Owner | Developed 0.04 - 0.06 2 0.12 Drop or Rotary 62719-280
Ornamentals . Spreader
Use Warm:
70 -84
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Max. Single Number of | Annual App. App.
Use Use Site Iéaa'::g LcJ,rse App. Rate App. per Rate Interval App. Method N':J?:S(Lr
gory (Ibs a.i./A) Year (Ibs a.i./A) (days)
Vegetable | Home Owner | . 0006 0.5 NS NS NS | Ground Spray | 68516-4
Gardens Use
ID, OR, WA: 1D 800
Alfalfasggéwn for Crop Agriculture 0.3-04 NS NS NS Ground, aerial 900019WA
900016
CA: Alfalfa Crop Agriculture 0.2 2 04 60 Ground, aerial | CA 870029
CA: Clover . :
grown for seed Crop Agriculture 2 NS NS NS Ground, aerial | CA 940002
CA: Bermuda
Grass grown for Crop Agriculture 2 NS NS NS Ground, aerial | CA 940003
seed
CA: Fl?;;)tc):coll Crop Agriculture 0.5-0.75 1 0.5-0.75 NS Ground CA 010021

PonNPE

NS = not specified
The values are for amount trifluralin in product — also contains benefin

The values are for amount trifluralin in product — also contains benefin and isoxaben (and isomers)
This use rate is associated with a recommended tank mix that includes Canopy 75DF
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Metabolites and Degradates.

Twelve degradates of trifluralin have been identified in guideline fate tests(EPA, 2009b).
All of these degradates retain a ring structure and the trifluoro- sidechain. Two
degradates, 5-trifluoromethyl-3-nitro-1,2-benzenediamine (TR-6) and 2-ethyl-7-nitro-5-
(trifluoromethyl) benzimidazole (TR-15), are produced in significant quantities (up to
30% and 47% respectively) by aqueous photolysis. Other degradates are produced by a
variety of degradation pathways, and range from < 1% to 13 % of applied parent. EPA

has not identified any of those degradates as a toxicological concern.
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Approach to this Assessment

Overview of NMFS’ Assessment Framework

NMFS 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). These effects are
described in risk hypotheses here in the Approach. 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) likely to occur in the same space and at the same
time as these potential stressors. If we conclude such co-occurrence is likely, we then try
to estimate the nature of co-occurrence (in Exposure). In the exposure analysis, we try to
identify the life stage and life history of the individuals that are likely to be exposed to an
action’s effects. Spatial analyses are used to overlay each species’ range with land types
on which pesticides are used. We break land use types into four generic groups:

agriculture, forestry, urban/residential, and rights-of-way.

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 (in Response). We consider standard endpoints used in pesticide risk analyses
(survival, growth, and reproduction). We also consider other endpoints, including
sublethal and behavioral effects which may not affect the other endpoints, but do impair
the salmonids and/or affect its environment. We also consider the response of the

primary constituent elements (PCESs) present in designated critical habitat

In the fourth step, Risk Characterization, we integrate the exposure and response analyses

to assess the risk to listed individuals and the PCEs in their habitat from the stressors of
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the action. We consider the overlap between the action and the listed species and their
habitat, the range of anticipated environmental concentrations of the stressor, the types

and extent of responses, and other factors affecting the overall risk picture.

In the fifth step of our analysis (Integration and Synthesis), we make a conclusion
regarding risk to populations within each ESU/DPS and to the species overall and to their
designated critical habitat. This determination is made in the context of the Status of
each species, the existing Environmental Baseline, and the potential Cumulative Effects.
We also determine if jeopardy (for species) or adverse modification (for designated

critical habitat) is likely.

We present the risk conclusions and determinations for each species and its designated

critical habitat in the Conclusion section separately for each chemical.

Factors Considered in the Analysis

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

integrate those individual-level effects to identify consequences to the populations those
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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
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 ((B. S.
Anderson et al., 2006), (Mills & Beatty, 1979), (Stearns, 1982)). 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
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changes in population viability are likely to be sufficient to reduce the viability of the

species those populations comprise.

The critical habitat analysis focuses on reductions in the quality, quantity, or availability
of primary constituent elements (PCEs) from exposure to the stressors of the action.
Since chemicals are the stressors of the action for this Opinion, PCEs potentially affected
are freshwater spawning sites, freshwater rearing sites, freshwater migration corridors,
estuarine areas, and nearshore marine areas. The PCE attributes of prey availability and
water quality are the primary assessment endpoints addressed when evaluating the effects
of the action on designated critical habitat. Information evaluated for effects to prey
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. Information evaluated for degradation of water quality
include anticipated exposure concentrations leading to toxic responses within aquatic
organisms (including salmonids and their prey) as well as instances of water bodies not
meeting local, state, or federal water quality standards and criteria.

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

Information and data provided by the registrants identified as applicants
Comments on the draft Opinion from EPA, applicants, and stakeholders who
submitted comments to EPA during EPA’s comment period

e Incident reports
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Collectively, this information provides 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

For this consultation, we adapt our general approach to incorporate elements of EPA’s
ecological risk assessment (ERA) framework (EPA, 1998). Figure 2 shows the overall
framework used in this Opinion. This risk assessment framework organizes the available
information in three phases: problem formulation, analysis of exposure and response,
and risk characterization (EPA, 1998). We adapted the EPA framework to address ESA-
specific considerations. The NMFS framework follows a process for organizing,
evaluating, and synthesizing the available information on listed resources and the
stressors of the action. We separately evaluate the risk to listed species and the risk to
designated critical habitat from the stressors of the action. Below, we briefly describe the

problem formulation phase in the general framework.

Problem Formulation

Problem formulation includes conceptual models based on our initial evaluation of the
relationships between stressors of the action (pesticides and other identified chemical
stressors) and potential receptors (individuals of listed species and PCEs of critical
habitat). Unlike OPP’s pesticide ERAs®, which begin with the use, fate, and toxicity
properties of the a.i.s, and evaluate risk based on broad categories of taxa, NMFS analysis
for listed species begins with the species’ range and life history to determine relevant
assessment endpoints, identifies if those endpoints are likely to be affected by the

stressors of the action, and seeks data with which to evaluate those effects. In brief, we

® Which may be referred to as ERAs, BEs (Biological Evaluations) or pesticide risk assessments in various
locations throughout this document.
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employ a species-centric approach, rather than a chemical-centric approach, developing
risk hypotheses from a species life history perspective. Assessment endpoints and
measures may vary by life stage and are presented in Table 9. Some of the relevant
measures are not ones commonly considered in the field of toxicology, especially in a
regulatory context. They may, however, be commonly used in the disciplines of fisheries
management, conservation biology, or ecological assessment. The Approach section is

the generic problem formulation for salmonids.

Table 9. Salmonid life stage and habitat assessment endpoints and measures.

Salmonid Life Assessment Endpoint Assessment Measure

Stage individual fitness Measures of changes in individual
fithess
Egg* Size, hatching success, morphological
* If egg appears Development deformities
permeable to
pesticides, may vary by
pesticide type, Kow, Or Survival Viability (percent survival)
formulation
Respiration Gas exchange, respiration rate
Swimming: predator Swimming speed, orientation, burst
avoidance and/or site fidelity speed, predator avoidance assays
Alevin (yolk-sac fry) YoIk-sa_c utilizz_ition,grqwth Rate of yqlk absorption, growth
rate, size at first feeding weight and length
Development Morphology, histology

LCs, (dose-response slope), percent

Survival ; X
dead at a given concentration

First exogenous feeding (fry)—

. Time to first feeding, starvation
post yolk-sac absorption

LCsxo, (dose-response slope). Percent

Survival dead at a given concentration
Stomach contents, weight, length,
Growth starvation, prey capture rates
Fry, juvenile, smolt
. Stomach contents, weight, length,
Feeding .
starvation, prey capture rates
Swimming speed, orientation, burst
Swimming: predator swimming speed, predator avoidance
avoidance behavior, migration, assays,swimming rate, downstream
use of shelter migration rate, fish monitoring,

bioassays
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Salmonid Life
Stage

Assessment Endpoint

Assessment Measure

Individual fitness

Measures of changes in individual
fitness

Olfaction: kin recognition,
predator avoidance,
imprinting,feeding

Electro-olfactogram (EOG)
measurements,
behavioral assays

Smoltification (smolt)

Na/K ATPase activity, sea water
challenge tests

Returning adult

Development

Length, weight, malformations

Survival

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

Feeding

Prey consumption rates, stomach
contents, length and weight

Swimming: predator
avoidance, migration,
spawning,feeding

Behavioral assays,numbers of adult
returns, numbers of eggs fertilized or
redds, stomach contents

Sexual development

Histological assessment of
ovaries/testis,measurements of intersex

Olfaction: predator
avoidance,homing, spawning

Electro-olfactogram (EOG)
measurements,
behavioral assays

Habitat

In-stream:
Aquatic primary producers,
salmonid prey
abundance, dissolved
oxygen and pH,
natural cover for
salmonids

Growth inhibition bioassays (ECos or
ECs), prey survival (ECs); field
measured community metrics
direct measurement

Riparian zone:
Riparian zone vegetation,
natural cover for salmonids,
sedimentation, temperature

Growth inhibition (EC,s or ECs),
salmonid monitoring (field)
direct measurements

These assessment endpoints consider effects on all life stages of the salmon (direct

effects), as well as effects on plants and prey items (indirect effects). Based on the

assessment endpoints, NMFS evaluates the following risk hypotheses for the species.
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Species Risk Hypotheses

1. Exposure to the stressors of the action is sufficient to:
a. kill salmonids from direct, acute exposure;
b. reduce salmonid survival through impacts to growth or development;
c. reduce salmonid growth through impacts to salmonid prey;
d. reduce survival, migration, and reproduction through impacts to olfactory-
mediated behaviors; and

2. Exposure to the stressors of the action is sufficient to:

a. reduce aquatic primary producers thereby affecting salmonid prey communities
and salmonids and natural cover;

b. reduce riparian vegetation to such an extent that stream temperatures are
elevated, erosion increases, and reductions in natural coverage results through
reduced inputs of woody debris and other organic matter.

3. Exposure to mixtures of oryzalin, pendimethalin, and trifluralin can act in
combination to increase adverse effects to salmonids and salmonid habitat.

4. Exposure to active ingredient degradates, adjuvants, tank mixtures, additional active
ingredients, and other ingredients in pesticide products containing oryzalin,
pendimethalin, and trifluralin cause adverse effects to salmonids and their habitat.

5. Exposure to other pesticides present in the action area can act in combination with
oryzalin, pendimethalin, and trifluralin to increase effects to salmonids and their
habitat.

6. Exposure to elevated temperatures can enhance the toxicity of the stressors of the

action.

Critical Habitat

When designated critical habitat for the species is identified, primary constituent
elements (PCESs) of that habitat are also identified Table 10. To determine potential
effects to designated critical habitat, NMFS evaluates the effects of the action by first
looking at whether PCEs of critical habitat are affected by the stressors of the action.
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
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conservation of the ESU/DPS. The stressors of the action for this Opinion are chemicals

introduced into the environment by application of pesticide products containing the three

a.l.s. Key PCEs potentially affected are freshwater spawning sites, freshwater rearing

sites, freshwater migration corridors, estuarine areas, and nearshore marine areas where

exposure to those stressors is anticipated.

Table 10. Essential physical and biological features and PCEs for salmonid critical habitat

PCEs

Essential Physical and Biological
features

Species Life Stage and
Functional Developmental
Response

Freshwater Spawning

Water quality, water quantity, and
substrate

Spawning, incubation larval
development

Freshwater rearing

Water quantity and floodplain
connectivity

Juvenile growth and mobility

Water quality and forage

Juvenile growth and development

Natural cover®

Juvenile mobility and survival

Freshwater migration

Free of obstructions, water quality and
quantity, and natural cover®

Juvenile and adult mobility and
survival

forage

Juvenile growth and development

Estuarine areas

Free of obstruction, water quality and
gquantity, and salinity

Juvenile and adult physiological
transitions between salt and
freshwater

Natural cover® and forage® and water
guantity

Growth and maturation

Nearshore Marine

Free of obstruction, water quality and

Growth and maturation, survival

areas quantity, natural cover® and forageb
Offshgrrgarzanne Water quality and forageb Growth and maturation

% Natural cover includes shade, large wood, log jams, beaver dams, aquatic vegetation, large rocks and
boulders, side channels, and undercut banks.
b Forage includes aquatic and terrestrial invertebrates and fish and shellfish species that support growth and

maturation.

Based on the PCEs and life stage potentially affected (Table 10), we developed risk

hypotheses for critical habitat. Properly functioning salmonid PCEs are important to the

conservation of the ESU/DPS. The stressors of the action for this Opinion are chemicals

introduced into the environment by application of pesticide products.

Critical Habitat Risk Hypotheses

1. Exposure to the stressors of the action is sufficient to degrade water quality, and

substrate in freshwater spawning sites;

2. Exposure to the stressors of the action is sufficient to degrade water quality, reduce

prey availability (forage), and/or reduce natural cover in rearing sites;
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3. Exposure to the stressors of the action is sufficient to degrade water quality, prey
availability, and/or reduce natural cover in freshwater migration corridors;

4. Exposure to the stressors of the action is sufficient to degrade water quality, prey
availability, and/or reduce natural cover in estuarine areas;

5. Exposure to the stressors of the action is sufficient to degrade water quality, prey

availability and/or reduce natural cover in nearshore marine areas.

Evaluating Exposure and Response

As part of the problem formulation phase, we consider the toxic mode and mechanism of
action of chemical stressors, particularly for the pesticide a.i.s, to provide insight into
potential physiological consequences following exposure. Identification of the mode and
mechanism of action allows us to identify other chemicals which might co-occur and
affect the response (i.e., identify potential toxic mixtures). We consider authorized
pesticide use sites, and group them into landuse categories to determine spatial overlap
between the use and the species or its designated critical habitat. We consider fate
properties of the pesticides and evaluate how that affects exposure. Conceptual diagrams

are shown in Figure 2 and Figure 3.
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Figure 2. Conceptual framework for assessing risks of EPA’s action to ESA listed

resources.
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Figure 3. Exposure pathways for stressors of the action, and general response of Pacific salmonids and habitat.
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Analysis Plan

Status of the Species

In this section, we present information regarding each of the ESUs and DPSs considered in this
Opinion. We discuss life history, population abundance and trends and overall viability of the
species. This provides part of the context in which we evaluate the effect of the proposed action.

Environmental Baseline

In this section we discuss all stressors affecting salmon populations including natural predators,
events and disease; and anthropogenic effects such as pollution and habitat modification. This

also provides part of the context in which we evaluate the effect of the proposed action.
Effects of the Proposed Action to Threatened and Endangered Pacific Salmonids

In the Exposure section we discuss life histories of the various species which may make them
more or less likely to be exposed to stressors of the actions. In this section we also evaluate
spatial and temporal co-occurrences of the use sites and salmon habitat. We discuss fate and
transport properties of the chemicals. Then we evaluate measured and estimated environmental
concentrations of the stressors from various sources. The Response section details toxicity
information for the assessment endpoints identified in the problem formulation. In the Risk
Characterization section, we summarize the risk factors associated with the a.i.s, integrate the
exposure and response information, and evaluate the risk hypotheses. Separate analyses are done

for the species and designated critical habitat.
Integration and Synthesis

We begin Integration and Synthesis with a discussion of how we evaluate effects and provide a
summary of risk associated with each of the a.i.s. We then evaluate the likelihood of effects on
every ESU/DPS and its designated critical habitat separately for each chemical. Likelihood of

effects is evaluated in the context of the Status of the Species and Environmental Baseline.
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Conclusion

Based on the potential effects for each species, we determine if the proposed action is likely to
jeopardize the survival and recovery of the species or cause destruction or adverse modification

of designated critical habitat.

Other Considerations — Weight of Evidence vs. Probabilistic Analyses

In this Opinion, we evaluate lines of evidence constructed as species-specific risk hypotheses to
ensure relevant endpoints are addressed. The analysis weighs each line of evidence by
evaluating the best commercial and scientific data available pertaining to a given risk hypothesis.
Overall, the analysis is a qualitative approach which applies some quantitative tools. 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 the environment and human health.

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 et al., 1999; Giddings, 2009). There
is utility in information generated by probabilistic approaches if supported by robust data.

NMFS 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 the probability
of risk. Probabilistic techniques were not used 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. When we consider the data limitations coupled with the inherent
complexity of EPA’s proposed action in California, Idaho, Oregon, and Washington, we find that

probabilistic assessments at population and species scales introduce an unquantifiable amount of
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uncertainty that undermines confidence in derived risk estimates. These same studies do not
factor the status of the species 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.
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Status of Listed Resources

The purpose of this section is to characterize the condition of the 28 salmonid species’ under

consultation relative to their likelihood of viability and to describe the conservation role and

function of their respective critical habitats. NMFS has determined that the following species

and critical habitat designations may occur in the action area for EPA’s registration of oryzalin,

pendimethalin, and trifluralin - containing products (Table 11). 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 11. Listed Species and Critical Habitat (denoted by asterisk) in the Action Area.

Common Name (Distinct Population Segment or

Evolutionarily Significant Unit) SIS NEME Status
Chinook salmon (Puget Sound*) Threatened
Chinook salmon (Lower Columbia River?*) Threatened
Chinook salmon (Upper Columbia River Spring-run*) Endangered
Chinook salmon (Snake River Fall-run*) Threatened
E:Shrlgi(e)kRsi\ilangring /Summer-run*) Oncorhynchus tshawytscha Threatened
Chinook salmon (Upper Willamette River*) Threatened
Chinook salmon (California Coastal*) Threatened
Chinook salmon (Central Valley Spring-run*) Threatened
Chinook salmon (Sacramento River Winter-run*) Endangered
Chum salmon (Hood Canal Summer-run*) Oncorhynchus keta Threatened
Chum salmon (Columbia River*) Threatened
Coho salmon (Lower Columbia River) Threatened
Coho salmon (Oregon Coast*) Threatened
Coho salmon (Southern Oregon & Northern California Oncorhynchus kisutch

Threatened
Coast*)
Coho salmon (Central California Coast*) Endangered
Sockeye salmon (Ozette Lake*) Oncorhynchus nerka Threatened
Sockeye salmon (Snake River*) Endangered
Steelhead (Puget Sound) Threatened
Steelhead (Lower Columbia River*) Oncorhynchus mykiss Threatened
Steelhead (Upper Willamette River*) Threatened
Steelhead (Middle Columbia River*) Threatened

" We use the word “species” as it has been defined in section 3 of the ESA, which include “species, subspecies, and
any distinct population segment (DPS) of any species of vertebrate fish or wildlife which interbreeds when mature
(16 U.S. C 1533).” Pacific salmon other than steelhead that have been listed as endangered or threatened were listed
as “evolutionarily significant units (ESU), which NMFS uses to identify distinct population segments of Pacific
salmon. Any ESU or DPS is a “species” for the purposes of the ESA.
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http://www.nmfs.noaa.go/pr/species/

Common Name (Distinct Population Segment or L

Evolutionarily Si(gnificant Ur?it) ’ SETEMIIE NETE Status
Steelhead (Upper Columbia River*) Threatened
Steelhead (Snake River*) Threatened
Steelhead (Northern California*) Threatened
Steelhead (Central California Coast*) Threatened
Steelhead (California Central Valley*) Threatened
Steelhead (South-Central California Coast*) Threatened
Steelhead (Southern California*) Endangered

The following narratives summarize the biology and ecology of threatened and endangered
Pacific salmonids that are relevant to EPA’s proposed action. This includes a description of the
timing and duration of each life stage such as adult river entry, spawning, egg incubation,
freshwater rearing, smolt outmigration, and ocean migration. These summaries provide a
foundation for NMFS’ evaluation of the effects of the proposed action on listed salmonids. We
also highlight information related to the viability of salmonid populations and the primary

constituent elements (PCEs) of designated critical habitat.

Species Status

The status of an ESU or DPS is determined by the degree that it (1) maintains sufficient genetic
and phenotypic diversity to ensure continued fitness in the face of environmental change, (2)
maintains spatial distribution of populations so that not all populations would be affected by a
catastrophic event, and (3) maintains sufficient connectivity among populations within the ESU
or DPS to maintain long-term demographic and evolutionary processes (ICTRT, 2007;
McElhany, Ruckleshaus, Ford, Wainwright, & Bjorkstedt, 2000; Brian C. Spence et al., 2008).
We describe the current condition of the spatial structure and major life histories within the ESUs
or DPSs. In order to maintain a spatial distribution and diversity that support a viable ESU or
DPS, a species must maintain multiple viable populations that are sustainable in the long-term in
the face of environmental variability.

Before assessing population viability, we first identify the historic and current populations that
constitute a species. How NMFS defines a population and its function are found in McElhany et
al. (2000), and in Bjorkstedt et al.(2005), NMFS’ Pacific salmon Technical Recovery Teams
(TRTSs) have identified historic populations within ESUs/DPSs. These historical populations
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have been categorized based on their distribution and demographic role (i.e., functionally
independent, potentially independent, or dependent). Functionally independent populations were
sufficiently large to be viable in isolation, (i.e., a negligible extinction risk). Potentially
independent populations were potentially viable in isolation, but were likely influenced by
immigrants from adjacent populations. Dependent populations were unlikely to persist over a
100-year time period in isolation. However, immigration from other nearby populations reduced
the extinction risk for dependent populations. The historical conditions of the populations for
each ESU/DPS serve as a point of reference for evaluating the current viability of populations®
and the status of the species. The current viability is used as the base condition from which the
effects of the proposed action on individuals are evaluated to determine whether these effects are

likely to increase the probability of extinction of the populations those individuals represent.

In our Approach to the Assessment section, NMFS introduced the VSP concept and its four
criteria. We restate that a VSP is an independent population (a population of which extinction
probability is not substantially affected by exchanges of individuals with other populations) with
a negligible risk of extinction, over a 100-year period, when threats from random catastrophic
events, local environmental variation, demographic variation, and genetic diversity changes are
taken into account (McElhany, et al., 2000). The four factors defining a viable population are a
population’s: (1) spatial structure; (2) abundance; (3) annual growth rate, including trends and

variability of annual growth rates; and (4) diversity (McElhany, et al., 2000).

A population’s tendency to increase in abundance and its variation in annual population growth
defines a viable population (McElhany, et al., 2000; Morris & Doak, 2002). A negative long-
term trend in average annual population growth rate will eventually result in extinction. Further,
a weak positive long-term growth rate will increase the risk of extinction as it maintains a small
population at low abundances over a longer time frame. A large variation in the growth rates
also increases the likelihood of extinction (Lande, 1993; Morris & Doak, 2002).

® The TRTs did not propose that historical conditions are the criteria or benchmark for evaluating population or ESU
viability (extinction risk).
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Thus, in our status reviews of each listed salmonid species, we provide information on
population abundance and annual growth rate of extant populations. We use the median annual
population growth rate (denoted as lambda, A) from available time series of abundance for
independent populations (T. P. Good, Waples, & Adams, 2005). Several publications provide a
detailed description of the calculation of lambda (T. P. Good, et al., 2005; McClure, Holmes,
Sanderson, & Jordan, 2003). The lambda values for salmonid populations presented in these

papers are summarized in Appendix 1.

Conservation Role of Critical Habitat for the Species

The action area for this consultation contains designated critical habitat. Critical habitat is
defined as the specific areas within the geographical area occupied by the species, at the time it is
listed, on which are found those physical or biological features that are essential to the
conservation of the species, and which may require special management considerations or
protection. Critical habitat can also include specific areas outside the geographical area occupied
by the species at the time it is listed that are determined by the Secretary to be essential for the

conservation of the species (ESA of 1973, as amended, section 3(5)(A)).

The primary purpose in evaluating the status of critical habitat is to identify for each ESU or
DPS the function of the critical habitat to support the intended conservation role for each species.
Such information is important for an adverse modification analysis as it establishes the context
for evaluating whether the proposed action results in negative changes in the function and role of
the critical habitat for species conservation. NMFS bases its critical habitat analysis on the areas
of the critical habitat that are affected by the proposed action and the area’s physical or
biological features that are essential to the conservation of a given species, and not on how

individuals of the species will respond to changes in habitat quantity and quality.

In evaluating the status of designated critical habitat, we consider the current quantity, quality,
and distribution of those primary constituent elements or PCEs that are essential to the
conservation of the species [50 CFR 424.12(b)]. NMFS has identified PCEs of critical habitat
for each life stage (e.g., migration, spawning, rearing, and estuary) common for each species. To

fully understand the conservation role of these habitats, specific physical and biological habitat
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features (e.g., water temperature, water quality, forage, natural cover, etc.) were identified for
each life stage. Specifically, during all freshwater life stages, salmonids require cool water that
is free of contaminants. During the juvenile life stage, salmonids also require stream habitat that
provides excess forage (i.e., prey abundance). Besides potential toxicity, water free of
contaminants is important as contaminants can disrupt normal behavior necessary for successful
migration, spawning, and juvenile rearing. Sufficient forage is necessary for juveniles to
maintain growth that reduces freshwater predation mortality, increases overwintering success,
initiates smoltification, and increases ocean survival. Natural cover such as submerged and
overhanging large wood and aquatic vegetation provides shelter from predators, shades
freshwater to prevent increase in water temperature, and creates important side channels. A
description of the past, ongoing, and continuing activities that threaten the functional condition
of PCEs and their attributes are described in the Environmental Baseline section of this Opinion.

NMFS has identified six common PCEs for 7 California listed Chinook salmon and steelhead (70
FR 52488, Sept. 2, 2005), 12 ESUs of Oregon, Washington, and Idaho salmon (chum, sockeye,
Chinook) and steelhead (70 FR 52630, Sept. 2, 2005), and for the Oregon Coast coho salmon (73
FR 7816, Feb. 11, 2008). They are:

(1) Freshwater spawning sites with water quantity and quality, and suitable substrate size as
attributes necessary to support spawning, incubation and larval development;

(2) Freshwater rearing sites with the following attributes: (i) Water quantity and floodplain
connectivity to form and maintain physical habitat conditions and support juvenile growth and
mobility; (ii) Water quality and forage supporting juvenile development; and (iii) Natural cover
such as shade, submerged and overhanging large wood, log jams and beaver dams, aquatic

vegetation, large rocks and boulders, side channels, and undercut banks.

(3) Freshwater migration corridors free of obstruction and excessive predation with water
quantity and quality conditions and natural cover such as submerged and overhanging large
wood, aquatic vegetation, large rocks and boulders, side channels, and undercut banks supporting
juvenile and adult mobility and survival.
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(4) Estuarine areas free of obstruction and excessive predation with:

(1) Water quality, water quantity, and salinity conditions supporting juvenile and adult
physiological transitions between fresh- and saltwater; (ii) Natural cover such as submerged and
overhanging large wood, aquatic vegetation, large rocks and boulders, side channels; and (iii)
Juvenile and adult forage, including aquatic invertebrates and fishes, supporting growth and

maturation.

(5) Nearshore marine areas free of obstruction and excessive predation with:

(i) Water quality and quantity conditions and forage, including aquatic invertebrates and fishes,
supporting growth and maturation; and (ii) Natural cover such as submerged and overhanging
large wood, aquatic vegetation, large rocks and boulders, and side channels.

(6) Offshore marine areas with water quality conditions and forage, including aquatic

invertebrates and fishes, supporting growth and maturation.

NMFS similarly developed the following list of species habitat requirements and PCEs for coho
salmon ESUs (64 FR 24049, May 5, 1999). They are:

Juvenile summer and winter rearing areas,
Juvenile migration corridors,

Areas for growth and development to adulthood,
Adult migration corridors, and

o > w0 E

Spawning areas.

Within these areas, essential habitat attributes of coho salmon critical habitat include adequate:
(1) substrate, (2) water quality, (3) water quantity, (4) water temperatures, (5) water velocity, (6)
cover/shelter, (7) food, (8) riparian vegetation, (9) space, and (10) safe passage conditions.
Riparian vegetation refers to its role in providing essential habitat for coho salmon such as
instream woody debris and submerged vegetation for holding and shelter, low water temperature

through shading, functional channel bottom substrate for development of eggs and alevins by
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stabilizing stream banks and capturing fine sediment in runoff, and food by providing nutrients

to streams and production of terrestrial insects.

In this section, we also identify the conservation values of watersheds located within the critical
habitat designated for a species. If the effects on PCEs are important at the watershed scale, then
the conservation value for the watershed is used to assess the conservation role of that watershed
in the context of range wide critical habitat. The conservation value of a particular watershed
was determined by Critical Habitat Analytical Review Teams (CHARTS) for many of the
ESU/DPSs. These teams considered the presence of PCEs within each occupied area of a
watershed and the activities that potentially affect the PCEs, and assigned conservation values

for watersheds within designated critical habitat.

Each watershed was scored as low, moderate, or high conservation value. High value
watersheds/areas have a high likelihood of promoting species conservation, while low value
watersheds/areas are less important for species conservation. Scores were based on: (1) a
comparison of current quantity of PCEs within a watershed relative to other watersheds and
probable historic quantity of PCEs within the watershed; (2) existing quality of PCEs in
watersheds; (3) the likelihood of achieving PCE potential in a watershed; (4) the PCEs’ support
of rare genetic or life history characteristics or rare/important habitat types in the watershed; (5)
considerations of the PCEs’ support of variable-sized populations relative to other watersheds
and the probable historical levels in the watershed; and (6) considerations of the PCE support of

spawning or rearing of varying numbers of populations.

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 (M.C. Healey, 1991). Chinook salmon prefer

streams that are deeper and larger than those used by other Pacific salmon species. We discuss
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the distribution, life history, status, and critical habitat of nine species® of endangered and

threatened Chinook salmon separately.

Chinook salmon are generally described as one of two races, within which there is substantial
variation (Groot & Margolis, 1991; M.C. Healey, 1991). One race, the “stream-type,” resides in
fresh water for a year or more following emergence from gravel nests. Juveniles migrate to sea
as yearlings. Stream-type Chinook salmon normally return in late winter and early spring
(spring-run) as immature adults and reside in deep pools during summer before spawning in fall.
The other race, the “ocean-type,” migrate to the ocean within their first year (sub-yearlings) and

usually return as full mature adults in fall (fall-run). Fall-run adults spawn soon after river entry.

The timing of return to fresh water, and ultimately spawning, often provides a temporal isolating
mechanism for populations with different life histories. Return timing is often related to
spawning location. Thus, differences in the timing of spawning migration also serve as a
geographic isolating mechanism. Fall-run Chinook salmon generally spawn in the mainstem of
larger rivers and are less dependent on flow, although early autumn rains and a drop in water
temperature often provide cues for movements to spawning areas. Spring-run Chinook salmon

take advantage of high flows from snowmelt to access the upper reaches of rivers.

Successful incubation depends on several factors including dissolved oxygen (DO) levels,
temperature, substrate size, amount of fine sediment, and water velocity. Chinook salmon egg
incubation time is highly correlated with water temperature (McCullough, 1999). Spawning
sites have larger gravel and more water flow up through the gravel than the sites used by other
Pacific salmon. Maximum survival of incubating eggs and the pre-emergent alevins occurs at
water temperatures between about 5.5° and 13.5°C. Development time is influenced by degree
days with fertilization to emergence taking up to 325 days at 2°C and about 50 days at 16°C
(McCullough, 1999). Fry emergence commonly begins in December and continues into mid
April (R.A. Leidy, 1984). When emerging from the redd, fry move through the interstitial spaces
in the redd substrate to escape the gravel. However, a high content of fines and sand in the redd
substrate can severely hinder fry emergence and cause high mortality (T. C. Bjornn & Reiser,
1991). Optimal temperatures for both Chinook salmon fry and fingerlings range from 12° to
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14°C (Boles, 1988). Temperatures above 15°C increase the risk of diseases and lower the
tolerance to other stressors (McCullough, 1999). At about 19°C, Chinook salmon cease to eat.
In the laboratory, 50% mortality during a 24 hour period is observed at 24° to 25°C (J. R. Brett,
1952; C. H. Hanson, 1997) the exact lethal temperature being somewhat dependent on the

temperature that the fish has been acclimated to.

Chinook salmon alevins, as is the case for other salmonids, rely on yolk for nutrition until the
onset of active feeding. It is important that the young start feeding at the proper time since
failure to start feeding can retard growth and lead to behavioral or developmental problems that
reduce survival. In Chinook salmon, alevins may start feeding immediately upon emergence
even if they have not yet absorbed all of the egg yolk (Linley, 2001). During freshwater
residence, Chinook salmon juveniles feed in the water column and from the water surface. Food
items include a variety of small terrestrial and aquatic insects and aquatic crustaceans; the prey
species of juveniles depend on availability (habitat and months), prey size distribution, and the
size of the fish (Koehler et al., 2006; Rondorf, Gray, & Fairley, 1990). The coarse bottom
substrate found in faster flowing riverine habitats supports drift of larger aquatic insects such as
caddisflies (Trichoptera), mayflies (Ephemeroptera), stoneflies (Plecoptera), and other benthic
organisms when they are present in the water column during high flow events. These taxa, when
present, are important food items in terms of biomass for Chinook salmon juveniles. Terrestrial
insects and midges (Diptera: Chironmidae) often dominate the diet in slower moving water with
finer bottom substrate such as floodplains, off-channel ponds, sloughs, and in lakes/reservoirs (J.
A. Miller & Simenstad, 1997; Rondorf, et al., 1990; Sommer, Nobriga, Harrell, Batham, &
Kimmerer, 2001; Tabor, Gearns, McCoy Ill, & Camacho, 2006). In addition, copepods and
daphnia may make up a high proportion of the diet in ponds, reservoirs and lakes, and in the
mainstems of large rivers (Koehler, et al., 2006; Rondorf, et al., 1990; Sommer, et al., 2001). At
periods, swarming terrestrial insects such as ants can make up a substantial portion of the diet of
Chinook salmon rearing in floodplains, ponds and reservoirs (Rondorf, et al., 1990). In estuaries,
scuds, mysids, and gammarid amphipods may be major prey (J. A. Miller & Simenstad, 1997).

Studies of stream habitat use show that there are velocity thresholds for rearing fry and juveniles,
that fish move to faster and deeper water as they grow, and that fish use substrate and cover as
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refuge from high velocities (D. W. Chapman & Bjornn, 1969; Everest & Chapman, 1972; S. W.
Johnson, Thedinga, & Koski, 1992). In the mainstem of large rivers and in lakes, fry and
juveniles rear along the river margins and in nearshore areas that are less than one meter deep
and have low lateral bank slopes (Sergeant & Beauchamp, 2006; Tiffan, Clark, Garland, &
Rondorf, 2006). Juveniles tend to avoid the elevated water velocities found in the thalweg of
river channels. As they grow larger, their habitat preferences change; juveniles move away from
stream margins and begin to use deeper water (Everest & Chapman, 1972; Tabor, et al., 2006).
When the river channel is greater than 9- to 10-ft in depth, juvenile salmon tend to inhabit the

surface waters (M. C. Healey, 1982).

Chinook salmon fry may also move into non-natal tributaries (i.e., streams other than those
where they incubated) to rear (Limm & Marchetti, 2009; Teel, Baker, Kuligowski, Friesen, &
Shields, 2009). In both the Columbia River and Sacramento River, California, fry and juveniles
move into seasonally inundated floodplains and off-channel water bodies to rear as they move
downstream (Limm & Marchetti, 2009; Sommer, et al., 2001; Teel, et al., 2009). However,
Chinook salmon use of floodplain and off-channel habitat depend on availability of these
habitats, the life history of the race, time of year, flow, and temperatures. Up to a certain limit,
distribution in floodplain habitat is positively correlated with water temperatures (Limm &
Marchetti, 2009; Sommer, et al., 2001; Teel, et al., 2009). Floodplain wetlands and off-channel
habitat also often have higher prey densities Several studies have shown that fry rearing on
large floodplains experience a higher growth rate, and possibly higher survival, than fry
remaining in the main channel (Jeffres, Opperman, & Moyle, 2008; Limm & Marchetti, 2003;
Sommer, et al., 2001). The increased growth rate is likely caused by the higher water
temperatures as well as the higher prey densities in these habitats. Having sufficient growth
during the juvenile stage is critical as some studies indicate that size at smolting influence
survival during the first year in the ocean. As flow decreases and water temperature increases in
summer, juveniles move out of the inundated floodplain habitat or succumb to lethal

temperatures and stranding.

Many Chinook salmon populations use the estuary intensively for rearing, and a downstream
movement of large numbers of fry is typical for many populations (Reimers, 1973; Sazaki, 1966;
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Thorpe, 1994). Estuaries can provide a productive environment and additional growth, refuge
from predators, and a transition to marine waters; availability of unmodified estuaries is
correlated with difference between rivers in survival of hatchery reared fish from smolt to
maturity (Magnusson & Hilborn, 2003). Ocean-type Chinook salmon migrate downstream as fry
immediately after emerging from spawning beds (M.C. Healey, 1991). These smaller fry and
sub-yearlings extensively use shallow water habitat and sloughs within the estuary to rear to the
smolt stage (K. L. Fresh, Casillas, Johnson, & Bottom, 2005). Yearling juveniles of the river-
type life history enter the estuaries at the smolting stage; they usually spend less time in estuaries

and use deeper water than fry or sub-yearlings (K. L. Fresh, et al., 2005).

Upon entering the marine environment, immature Chinook salmon maintain close proximity to
nearshore areas. The highest ocean mortality of immature Chinook salmon occurs during the
first year after entering the ocean. Expected survival during this period depends both on the
condition of the fish such as size and the physical conditions of the marine environment. Ocean
condition such as coastal upwelling and atmospheric condition such as El Nifio have a significant
influence on returning run size. Because of the annual variability in ocean and climatic

conditions, the stock-recruitment relationship in Chinook salmon is weak.

Immature Chinook salmon of the ocean- and river-type may have different dispersal and
migration patterns during their first marine year (M.C. Healey, 1991). The larger stream-type
immature fish disappear from the surface waters of the Strait of Georgia in early summer. In
contrast, during their first ocean year, ocean-type fish are abundant in the sheltered surface
waters and estuaries of the Strait of Georgia and the Puget Sound from July through November
and some continue to be present throughout winter. Estuaries provide the only shelter along the
open coasts of Washington, Oregon, and California; in these areas, ocean-type fry remain longer
in their native estuaries. After ocean entry, immature Chinook salmon may move into large
estuaries and bays as they migrate along the coast. Chinook salmon remain at sea for one to six
years (more commonly two to four years), with the exception of a small proportion of yearling
males (called jack salmon) which mature in fresh water or return after two or three months in salt

water.
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Status and Trends

Chinook salmon face natural threats from flooding, changes in ocean productivity, and predation.
Chinook salmon have declined from overharvests, loss of genetic integrity by mixing with
hatchery reared fish, retracted distribution by migration barriers such as dams, mortality and loss
of rearing habitat from gravel mining, degradation of riparian habitat, and modified stream
function and reduced water quality from land use practices (logging, agriculture, and

urbanization).

Climate change also poses significant hazards to the survival and recovery of salmonids.
Hazards from climate change include elevated water temperature, earlier spring runoff and lower

summer flows, and winter flooding.

Puget Sound Chinook Salmon

The Puget Sound ESU (Figure 4) 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. Thirty-six
hatchery populations were included as part of the ESU and five were considered essential for
recovery and listed (Table 12). They were spring Chinook salmon from Kendall Creek, the
North Fork Stillaguamish River, White River, and Dungeness River, and fall run fish from the
Elwha River. These artificially propagated populations are no more divergent relative to the
local natural populations than would be expected between closely related populations within the
ESU.

Table 12. Puget Sound Chinook salmon - preliminary population structure, abundances, and
hatchery contributions (Good et al 2005).

S Hatcher
Independent Populations Alglstoncal MAIZED [T Ef AbundanZe

undance Spawners S

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
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. . Hatcher
Independent Populations il [E20 NUTILED € Abundange
Abundance Spawners I
Contributions

Skykomish 51,000 4,262 40%
Snoqualmie 33,000 2,067 16%
Sammamish Unknown Unknown Unknown
Cedar Unknown 327 Unknown
Duwamish/Green

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
Mid Hood Canal Rivers

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
Life History

Puget Sound Chinook salmon populations exhibit both early-returning (August) and late-
returning (mid-September and October) Chinook salmon spawners (M.C. Healey, 1991).
Juvenile Chinook salmon within the Puget Sound generally exhibit an “ocean-type” life history.
However, substantial variation occurs with regard to juvenile residence time in freshwater and
estuarine environments. Hayman (Hayman, Beamer, & McClure, 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. In this system, 20% to 60% of sub-yearling
migrants rear for several months in freshwater habitats while the remaining fry migrate to rear in
the Skagit River estuary and delta (Beamer, Hayman, & Smith, 2005). Juveniles in tributaries to
Lake Washington exhibit both a stream rearing and a lake rearing strategy. Lake rearing fry are
found in highest densities in nearshore shallow (<1 m) habitat adjacent to the opening of
tributaries or at the mouth of tributaries where they empty into the lake (Tabor, et al., 2006).
Puget Sound Chinook salmon also has several estuarine rearing juvenile life history types that
are highly dependent on estuarine areas for rearing (Beamer, et al., 2005). In the estuaries, fry
use tidal marshes and connected tidal channels including dikes and ditches developed to protect

and drain agricultural land. During their first ocean year, immature Chinook salmon use

100




nearshore areas of Puget Sound during all seasons and can be found long distances from their

natal river systems (Brennan, Higgins, Cordell, & Stamatiou, 2004).
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Puget Sound Chinook ESU
Sub-Basin Range and Distribution
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Figure 4. Puget Sound Chinook salmon distribution
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Status and Trends

NMFS listed Puget Sound Chinook salmon as threatened in 1999 (64 FR 14308) and reaffirmed
its status as threatened on June 28, 2005 (70 FR 37160). Historically, the ESU included 31 rivers
or river systems that supported historic independent populations. Of the historic populations,
only 22 are extant (Mary H. Ruckelshaus et al., 2006) (Table 12). A disproportionate loss of an
early-run life history represents a significant loss of the evolutionary legacy of the ESU (Mary H.
Ruckelshaus, et al., 2006).

The spatial structure of the ESU is compromised by extinct and weak populations being
disproportionably distributed to the mid- to southern Puget Sound and the Strait of Juan de Fuca.
A large portion (at least 11) of the extant runs is sustained, in part, through artificial propagation.
Of the populations with greater than 1,000 natural spawners, only two have a low fraction of
hatchery fish. Populations known to contain significant natural production are found in the
northwest Puget Sound.

Estimates of the historic abundance range from 1,700 to 51,000 potential Puget Sound Chinook
salmon spawners per population. During the period from 1996 to 2001, the geometric mean of
natural spawners in populations of Puget Sound Chinook salmon ranged from 222 to just over
9,489 fish. Thus, the historical estimates of spawner capacity are several orders of magnitude
higher than spawner abundances currently observed throughout the ESU (T. P. Good, et al.,
2005). Long-term trends in abundance and median population growth rates for naturally
spawning populations indicate that approximately half of the populations are declining and the
other half are increasing in abundance over the length of available time series. However, the
median overall long-term trend in abundance is close to 1 for most populations that have a
lambda exceeding 1, indicating that most of these populations are barely replacing themselves.
Eight of 22 populations are declining over the short-term, compared to 11 or 12 populations that
have long-term declines (T. P. Good, et al., 2005). Populations with the greatest long-term
population growth rates are the North Fork Nooksack and White rivers.
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Critical Habitat

Critical habitat was designated for this species on September 2, 2005 (70 FR 52630). It includes
1,683 km of stream channels, 41 square km of lakes, and 3,512 km of nearshore marine habitat.
Of 61 watersheds (5th field Hydrological Units or HUC 5) reviewed in NMFS’ assessment of
critical habitat for the Puget Sound ESU, 9 watersheds were rated as having a medium
conservation value, 12 were rated as low, and the remaining watersheds (40), where the bulk of
federal lands overlap with this ESU, were rated as having a high conservation value for Puget
Sound Chinook salmon (Figure 5). The 19 nearshore marine areas were all given a high

conservation value rating. (Table 13).

Table 13. Puget Sound Chinook salmon watersheds with conservation values.

HUC 5 Watershed conservation Value (CV)
rucasubbasn T ighev | pee) Mequm 1 pce(s)t | Lowev | PCE(s):
Strait of Georgia 0 0 3 (3,1, 2)
Nooksack 4 (1,3,2) 1 (3,1) 0
Upper Skagit 4 1, <3) 1 (3) 0
Sauk 4 1, 2,3) 0 0
Lower Skagit 2 3,1,2) 0 0
Stillaguamish 3 (1, 3) 0 0
Skykomish 5 (1, 3) 0 0
Snoqualmie 2 1, 3,2 0 0
Snohomish 1 (1,2,3) 1 1,2, 3)
Lake Washington 1 D 3 1, 3,<2) 0
Duwamish 2 (3,1,2) 1 (3) 0
Puyallup 5 3,2,1) 0 0
Nisqually 2 (1, <3) 0 0
Deschutes 0 0 2 (1, 3)
Skokomish 1 (1, 3) 0 0
Hood Canal 2 (1) 1 (1) 3 (1, <3,<2)
Kitsap 0 0 4 (3,1
Dungeness/Elwha 2 D) 1 (3,1) 0
Totals 40 9 12

1 Numbers in parenthesis refers to the dominant (in river miles) PCE(s) within the HUC 5 watersheds.
PCE 1 is spawning and rearing, 2 is rearing and migration, and 3 is migration and presence. PCEs with <

means that the number of river miles of the PCE is much less than river miles of the other PCE.
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Forestry practices have heavily impacted migration, spawning, and rearing PCEs in the upper
watersheds of most rivers systems within critical habitat designated for the Puget Sound Chinook
salmon. Degraded PCEs include reduced conditions of substrate supporting spawning,
incubation and larval development caused by siltation of gravel; and degraded rearing habitat by
removal of cover and reduction in channel complexity. Urbanization and agriculture in the lower
alluvial valleys of mid- to southern Puget Sound and the Strait of Juan de Fuca have reduced
channel function and connectivity, reduced available floodplain habitat, and affected water
quality. Thus, these areas have degraded spawning, rearing, and migration PCEs. Hydroelectric
development and flood control also obstruct Puget Sound Chinook salmon migration in several
basins. The most functional PCEs are found in northwest Puget Sound: the Skagit River basin,
parts of the Stillaguamish River basin, and the Snohomish River basin where federal land
overlap with critical habitat designated for the Puget Sound Chinook salmon. However, estuary
PCEs are degraded in these areas by reduction in the water quality from contaminants, altered
salinity conditions, lack of natural cover, and modification and lack of access to tidal marshes

and their channels.
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Puget Sound Chinook ESU
Conservation Value of Hydrologic Sub-Areas
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Figure 5. Puget Sound Chinook salmon Conservation Values per Sub-watershed
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Lower Columbia River Chinook Salmon

The Lower Columbia River (LCR) Chinook salmon ESU (Figure 6) includes all naturally-
spawned populations of fall-run and spring-run 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. The eastern boundary for
this species occurs at Celilo Falls, which corresponds to the edge of the drier Columbia Basin
Ecosystem. It also includes the Willamette River to Willamette Falls, Oregon, exclusive of
spring-run Chinook salmon in the Clackamas River. Seventeen artificial propagation programs
are included in the ESU (70 FR 37160). These artificially propagated populations are no more
divergent relative to the local natural populations than would be expected between closely

related populations within this ESU.

107



Lower Columbia River Chinook ESU
Sub-Basin Range and Distribution
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Figure 6. Lower Columbia River Chinook salmon distribution.
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Life History

LCR Chinook salmon display three run types including early fall-runs, late fall-runs, and spring-
runs. Presently, the fall-run is the predominant life history type. Spring-run Chinook salmon
were numerous historically. Fall-run Chinook salmon enter fresh water typically in August
through October. Early fall-run spawn within a few weeks in large river mainstems. The late
fall-run enters in immature conditions, has a delayed entry to spawning grounds, and resides in
the river for a longer time between river entry and spawning. Spring-run Chinook salmon enter

fresh water in March through June to spawn in upstream tributaries in August and September.

Offspring of fall-run spawning may migrate as fry to the ocean soon after yolk absorption (i.e.,
ocean-type), at 30-45 mm in length (M.C. Healey, 1991). In the Lower Columbia River system,
however, the majority of fall-run Chinook salmon fry migrate either at 60-150 days post-
hatching in the late summer or autumn of their first year. Offspring of fall-run spawning may
also include a third group of yearling juveniles that remain in fresh water for their entire first
year before emigrating. The spring-run Chinook salmon migrates to the sea as yearlings (stream-
type) typically in spring. However, the natural timing of LCR spring-run Chinook salmon

emigration is obscured by hatchery releases (J. Myers et al., 2006).

Once at sea, the ocean-type LCR Chinook salmon tend to migrate along the coast, while stream-
type LCR Chinook salmon appear to move far off the coast into the central North Pacific Ocean
(M.C. Healey, 1991; J. Myers, et al., 2006). Adults return to tributaries in the lower Columbia
River predominately as three- and four-year-olds for fall-run fish and four- and five-year-olds for
spring-run fish.

Status and Trends

NMFS originally listed LCR Chinook salmon as threatened on March 24, 1999 (64 FR 14308),
and reaffirmed their threatened status on June 28, 2005 (70 FR 37160). Thirty-one independent
Chinook salmon populations — 22 fall- and late fall-runs and 9 spring- runs — are estimated to
have existed historically in the Lower Columbia River (J. Myers, et al., 2006). 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. The fall-run
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Chinook salmon historically occurred throughout the Lower Columbia River basin, while spring-
run Chinook salmon only occurred in the upper portions of Lower Columbia Basins that consist
of snowmelt driven flow regimes. 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 basin wide spatial structure has remained generally intact. However, the loss of about 35%
of historic habitat has affected distribution within several Columbia River subbasins. Currently,
only one population appears self sustaining (T. P. Good, et al., 2005). Table 14 identifies

populations within the LCR Chinook salmon ESU, their abundances, and hatchery input.

Table 14. Lower Columbia River Chinook salmon - population structure, abundances, and
hatchery contributions (T. P. Good, et al., 2005; J. Myers, et al., 2006).

_ Historical Mean Number Hatchery
Run Population of Abundance
Abundance A
Spawners Contributions
Grays River (WA) 2,477 99 38%
Elochoman River (WA) Unknown 676 68%
Mill, Abernathy, and German
cr Creeks (WA) Unknown 734 47%
Youngs Bay (OR) Unknown Unknown Unknown
Big Creek (OR) Unknown Unknown Unknown
Clatskanie River (OR) Unknown 50 Unknown
Scappoose Creek (OR) Unknown Unknown Unknown
Lower Cowlitz River (WA) 53,956 1,562 62%
Upper Cowlitz River (WA) Unknown 5,682 Unknown
Coweeman River (WA) 4,971 274 0%
Toutle River (WA) 25,392 Unknown Unknown
F-R Salmon Creemz;j Lewis River 47,591 256 0%
Washougal River (WA) 7,518 3,254 58%
Kalama River (WA) 22,455 2,931 67%
Clackamas River (OR) Unknown 40 Unknown
Sandy River (OR) Unknown 183 Unknown
LE-R Lewis R-North Fork (WA) Unknown 7,841 13%
Sandy River (OR) Unknown 504 3%
Upper Cowlitz River (WA) Unknown Unknown Unknown
Tilton River (WA) Unknown Unknown Unknown
Cispus River (WA) Unknown 1,787* Unknown
S-R Toutle River (WA) 2,901 Unknown Unknown
Kalama River (WA) 4,178 98 Unknown
Lewis River (WA) Unknown 347 Unknown
Sandy River (OR) Unknown 3,085 3%
F-R Upper Columbia Gorge (WA) 2,363 136 13%
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. Historical Mean Number Hatchery
Run Population Abundance of Abundance
Spawners Contributions
Big White Salmon R (WA) Unknown 334 21%
Lower Columbia Gorge (OR) Unknown Unknown Unknown
Hood River (OR) Unknown 18 Unknown
S-R Big White Salmon R (WA) Unknown 334 21%
Hood River (OR) Unknown 18 Unknown

*Arithmetic mean

Recent 5-year spawner abundance (up to 2001) and historic abundance over more than 20 years is given
as a geometric mean, and include hatchery origin Chinook salmon.

F-R is fall run, LF-R is late fall run, and S-R is spring run Chinook salmon.

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]. Historically, the
number of spring-run Chinook salmon returning to the Lower Columbia River may have almost
equaled that of fall-run Chinook salmon (J. Myers, et al., 2006). Today, the majority of spring-
run LCR Chinook salmon populations are extirpated and total returns are substantially lower
than for the fall-run component.

Trend indicators for most populations are negative. The majority of populations for which data
are available have a long-term trend of <1; indicating the population is in decline (Bennet, 2005;
T. P. Good, et al., 2005). Only the late-fall run population in Lewis River has an abundance and
population trend that may be considered viable (McElhany, Chilcote, Myers, & Beamesderfer,
2007). The Sandy River is the only stream system supporting a natural production of spring-run
Chinook salmon of any amount. However, the population is at risk from low abundance and

negative to low population growth rates (McElhany, et al., 2007).

The genetic diversity of all populations (except the late fall-run Chinook salmon) has been
eroded by large hatchery influences and periodically by low effective population sizes. The near
loss of the spring-run life history type remains an important concern for maintaining diversity
within the ESU.

The ESU is at risk from generally low abundances in all but one population, combined with most

populations having a negative or stagnant long-term population growth. However, fish from

conservation hatcheries do help to sustain several LCR Chinook salmon runs in the short-term
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though this is unlikely to result in sustainable wild populations in the long-term. Having only
one population that may be viable puts the ESU at considerable risk from environmental
stochasticity and random catastrophic events. The loss of life history diversity limits the ESU’s

ability to maintain its fitness in the face of environmental change.

Critical Habitat

NMFS designated critical habitat for LCR Chinook salmon on September 2, 2005 (70 FR
52630). Itincludes 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.

As shown in Figure 7, of the watersheds (HUC 5s) 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 (31), were rated as
having a high conservation value to LCR Chinook salmon (Table 15). Additionally, four
watersheds were given a “possibly high” rating, i.e., they may be essential to conservation of the

species but are currently unoccupied.
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Table 15. LCR Chinook salmon HUC 5 watersheds with conservation values

HUC 4 Subbasin HUC 5 Waters&ggilcjzomnservatlon Value (CV)
High CV PCE(s)" -y PCE(s)" | LowCV | PCE(s)*
Middle-
Columbia/Hood 6 (1) 2 (3) 0
Lower
Columbia/Sandy 7 (1, 3) 1 (3. 1) 1 (3)
Lewis 2 1, 2,3) 0 0
Lower
Columbia/Clatskanie 2 (3, 1) 3 (3.2) L (2)
Upper Cowlitz River 5 (3) 0 0
Lower Cowlitz 4 (3,1) 4 (3,1) 0
Lower Columbia 2 (3,1) 1 0
Middle Willamette 0 0 1 (2)
Clackamas 1 (1) 0 1
Lower Willamette 1 (2) 2 (2) 0
Lower Columbia
Corridor 1 (3) 0 0
Total 31 13 12

1 Numbers in parenthesis refers to the dominant (in river miles) PCE(s) within the HUC 5 watersheds.
PCE 1 is spawning and rearing, 2 is rearing and migration, and 3 is migration and presence. PCEs with <
means that the number of river miles of the PCE is much less than river miles of the other PCE.

Timber harvest, agriculture, and urbanization have degraded spawning and rearing PCEs by
reducing floodplain connectivity and water quality, and by removing natural cover in several
rivers. Hydropower development projects have reduced timing and magnitude of water flows,
thereby altering the water quantity needed to form and maintain physical habitat conditions and
support juvenile growth and mobility. Adult and juvenile migration PCEs are affected by several

dams along the migration route.
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Lower Columbia River Chinook ESU
Conservation Value of HUC 5 Watersheds
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Figure 7. Lower Columbia River Chinook salmon Conservation Values per Sub-Area
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Upper Columbia River Spring-run Chinook Salmon

The Upper Columbia River (UCR) Spring-run Chinook salmon ESU includes all naturally
spawned populations of spring-run Chinook salmon in all Columbia River tributaries upstream of
the Rock Island Dam and downstream of Chief Joseph Dam in Washington State. Major

tributary subbasins with existing runs are the Wenatchee, Entiat, and Methow Rivers (Figure 8).

Several hatchery populations are also listed (70 FR 37160). These artificially propagated
populations are no more divergent relative to the local natural populations than would be

expected between closely related populations within this ESU.

Life History

UCR Spring-run Chinook salmon begin returning from the ocean in the early spring. They enter
the upper Columbia tributaries from April through July, with the run peaking in mid-May. After
migration, UCR Spring-run Chinook salmon hold in freshwater tributaries until spawning occurs
in the late summer, peaking in mid- to late August. Juvenile spring-run Chinook salmon spend a
year in fresh water before emigrating to salt water in the spring of their second year.
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Upper Coulmbia River Chinook ESU
Sub-Basin Range and Distribution

125°'W 124w 123'W 122’W 121°W 1200W
1 1 l l 1 1
—fen
=48'N
p=47N
p=46'N
Salem
Legend )
Corvallis ® Major Cities A
- Migratory Corridor
—— Distribution
& Sub-Basin
ugene
snP | Puget Sound frae
) ) 1 1 )
123'W 122w 121°W 1200W 1Mo°w 18w
0510 20 )
Prepared by K. Goetschius
™ ilometers June 2010 @

Figure 8. Upper Columbia River Chinook salmon distribution
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Status and Trends

NMEFS listed UCR Spring-run Chinook salmon as endangered on March 24, 1999 (64 FR
14308), and reaffirmed their endangered status on June 28, 2005 (70 FR 37160). The ESU
consisted of four populations. Of these, one is now extinct and three are extant. The Interior
Columbia Basin Technical Review Team (ICBTRT) characterizes the spatial structure risk to
UCR Spring-run Chinook populations as “low” or “moderate.” Table 16 identifies populations
within the UCR Spring-run Chinook salmon ESU, their abundances, and hatchery input.

Table 16. Upper Columbia River Spring-run Chinook salmon - preliminary population structure,
abundances, and hatchery contributions

: Historical AIBED [T Hatchery Abundance
FEEUENET Abundance ST Contributions
(Range)®
Methow River ~2,100 680 (79-9,9-04) 59%
Twisp River Unknown 58 redds (10-369) 54%
Chewuch River Unknown 58 redds (6-1,105) 41%
Lost/Early River Unknown 12 (3-164) 54%
Entiat River ~380 111 (53-444) 42%
Wenatchee River ~2,400 470 (119 -4,446) 42%
. . 109 redds (34-
Chiwawa River Unknown 1,046) 47%
Nason Creek Unknown 54 redds (8-374) 39%
Upper Wenatchee River Unknown 8 redds (0-215) 66%
White River Unknown 9 redds (1-104) 8%
Little Wenatchee River Unknown 11 redds (3-74) 21%
Okanogan River Unknown Extirpated NA

% 5-year geometric mean number of spawners unless otherwise noted; includes hatchery fish. Range
denoted in parenthesis. Means calculated from years 1997 to 2001, except Lost/Early Winter creeks did
not include 1998 as no data were available. Data reported in (T. P. Good, et al., 2005).

For all populations, average abundance over the recent 10-year period is below the average
abundance thresholds that the ICBTRT identifies as a minimum for low risk (ICTRT, 2008a,
2008b, 2008c). The geometric mean spawning escapements from 1997 to 2001 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. The five-year
geometric mean remained low as of 2003. Recently, the 2007 UCR spring Chinook jack counts,

an indicator of future adult returns, have increased to their highest level since 1977.
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Based on 1980-2004 returns, the lambda for this ESU is estimated at 0.93 (meaning the
population is not replacing itself) (T. Fisher & Hinrichsen, 2006). The long-term trend for
abundance and lambda for individual populations indicate a decline for all three populations (T.
P. Good, et al., 2005). Short-term lambda values indicate an increasing trend for the Methow
population, but not for the Wenatchee and Entiat populations (ICTRT, 2008a, 2008b, 2008c).

Finally, the ICBTRT characterizes the diversity risk to all UCR Spring-run 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.

Abundance data showed an increase in spawner returns in 2000 and 2001 (T. P. Good, et al.,
2005). However, this increase did not manifest itself in subsequent years. Thus, recent available
data on population viability suggest that the ESU continues to be at high risk from small
population size; all three UCR Spring-run Chinook salmon populations are affected by low
abundances and failing recruitment. Should population growth rates continue at the 1980-2004
levels, UCR Spring-run Chinook salmon populations have a high probability of decline within 50
years. The genetic integrity of all populations has been compromised by periods of low effective

population size and low proportion of natural-origin fish.

Critical Habitat

NMFS designated critical habitat for UCR Spring-run Chinook salmon on September 2, 2005 (70
FR 52630). It includes all Columbia River estuarine areas and river reaches proceeding

upstream to Chief Joseph Dam and several tributary subbasins.

The UCR Spring-run Chinook salmon ESU has 31 watersheds within its range. Five watersheds
received a medium rating and 26 received a high rating of conservation value to the ESU (Table
17). The Columbia River rearing/migration corridor downstream of the spawning range was

rated as having a high conservation value (Figure 9).

Spawning and rearing PCEs are somewhat degraded in tributary systems by urbanization in

lower reaches, grazing in the middle reaches, and irrigation and diversion in the major upper
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drainages. These activities have resulted in excess erosion of fine sediment and silt that smother
spawning gravel; reduction in flow quantity necessary for successful incubation, formation of
physical rearing conditions, and juvenile mobility. Moreover siltation further affects critical
habitat by reducing water quality through contaminated agricultural runoff; and removing natural
cover. Adult and juvenile migration PCEs are heavily degraded by Columbia River Federal dam
projects and a number of mid-Columbia River Public Utility District dam projects also obstruct

the migration corridor.

Table 17. UCR Spring-run Chinook salmon watersheds with conservation values.

HUC 5 Watershed conservation Value (CV)
HUC 4 Subbasin i i
High | poggyt | Medium | bopg)t | Lowcv | PCE(s)!
CVv CV
Chief Joseph 1 (3) 0 0 0
Methow 5 (1, <2, <3) 2 (1, 2) 0
Upper Columbia/Entiat 3 (3, 2% 1% 1 (3) 0
Wenatchee 3 (1, 2, <3) 2 (2,1) 0
Moses Coulee 1 (1, =0.8mi) 0 0
Upper Columbia/Priest
Rapids 3 (3) 0 0
Middle Columbia/Lake
wallula 5 3) 0 0
Middle Columbia/Hood 4 3) 0 0
Lower Columbia/Sandy 1 3) 0 0
Lower Columbia Corridor | all (3)° 0 0
Total 26 5 0

1 Numbers in parenthesis refers to the dominant (in river miles) PCE(s) within the HUC 5 watersheds.
PCE 1 is spawning and rearing, 2 is rearing and migration, and 3 is migration and presence. PCEs with <
means that the number of river miles of the PCE is much less than river miles of the other PCE.

2 Only one of the three watersheds, Entiat River, had PCEs 1 and 2.

3 The Lower Columbia Corridor includes 46.5 miles of estuarine PCEs.
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Upper Coulmbia River Chinook ESU
Conservation Value of HUC 5 Watersheds
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Figure 9. Upper Columbia River Spring-run Chinook salmon Conservation Values per Sub-Area
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Snake River Fall-run Chinook Salmon

The Snake River (SR) Fall-run Chinook salmon ESU (Figure 10) includes all naturally spawned
populations of fall-run Chinook salmon in the mainstem Snake River below Hells Canyon Dam,
and in the Tucannon River, Grande Ronde River, Imnaha River, Salmon River, and Clearwater
River subbasins (70 FR 37176,). Four artificial propagation programs are included in the ESU.
These artificially propagated populations are no more divergent relative to the local natural

populations than would be expected between closely related populations within this ESU.
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Snake River Fall Run Chinook ESU
Sub-Basin Range and Distribution
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Figure 10. Snake River Fall-run Chinook salmon distribution
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Status and Trends

NMFS originally listed SR Fall-run Chinook salmon as endangered in 1992 (57 FR 14653) but
reclassified their status as threatened on June 28, 2005 (70 FR 37160). The SR Fall-run Chinook
salmon consists of one extant population that is mostly limited to a core spawning area within a
32-km section of the mainstem Snake River (ICTRT, 2003). Two populations have been
extirpated.

Estimated annual returns for the period 1938 to 1949 were at 72,000 fish. By the 1950s,
numbers had declined to an annual average of 29,000 fish (T. C. Bjornn & Horner, 1980).
Numbers of SR Fall-run Chinook salmon continued to decline during the 1960s and 1970s as
approximately 80% of their historic habitat were eliminated or severely degraded by the
construction of the Hells Canyon complex (1958 to 1967) and the lower Snake River dams (1961
to 1975). The abundance of natural-origin spawners in the SR Fall-run Chinook ESU for 2001
(2,652 adults) exceeded 1,000 fish for the first time since counts began at the Lower Granite
Dam in 1975. The recent five-year mean abundance of 871 naturally produced spawners at the
time of the last status review generated concern that despite recent improvements, the abundance
level is very low for an entire ESU. On the other hand, during the years from 1975 to 2000, the
ESU fluctuated between 500 to 1,000 natural spawners. This suggests a higher degree of
stability in growth rate at low population levels than is seen in other salmonid populations.
Further, 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.

Long- and short-term trends in natural returns are positive. Productivity is likely sustained
largely by a system of small artificial rearing facilities in the lower Snake River Basin.
Depending upon the assumptions made regarding the reproductive contribution of hatchery fish,

long- and short-term trends in productivity are at or above replacement.

Low abundances in the 1990s combined with a large proportion of hatchery derived spawners
likely have reduced genetic diversity from historic levels. Nevertheless, the SR Fall-run

Chinook salmon remains genetically distinct from similar fish in other basins.
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As the ESU’s single population spawning activities are limited to a relatively short reach of the
free flowing mainstem Snake River, it is at considerable risk from environmental variability and
stochastic events. 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 eight years. Current observed abundances indicate that the ESU is at moderate

risk from low abundances.

Critical Habitat

NMFS designated critical habitat for SR Fall-run Chinook salmon on December 28, 1993 (58 FR
68543). Itincludes the Columbia River reaches presently or historically accessible to listed fall-
run Chinook salmon (except river reaches above impassable natural falls, and Dworshak and
Hells Canyon Dams) from the estuary upstream to the confluence of the Snake River; all Snake
River reaches from the confluence of the Columbia River upstream to Hells Canyon Dam. It
also includes the Palouse River from its confluence with the Snake River upstream to Palouse
Falls; the Clearwater River from its confluence with the Snake River upstream to its confluence
with Lolo Creek; and the North Fork Clearwater River from its confluence with the Clearwater
River upstream to Dworshak Dam. Designated areas consist of the water, waterway bottom, and
the adjacent riparian zone (defined as an area 300 feet from the normal high water line on each
side of the river channel) (58 FR 68543).

Individual watersheds within the ESU have not been evaluated for their conservation value.
However, the lower Columbia River corridor is among the areas of high conservation value to
the ESU because it connects every population with the ocean and is used by rearing/migrating
juveniles and migrating adults. The Columbia River estuary is a unique and essential area for
juveniles and adults making the physiological transition between life in freshwater and marine
habitats.

Salmon habitat has been altered throughout the ESU through loss of important spawning and
rearing habitat and the loss or degradation of migration corridors. The major degraded PCEs

within critical habitat designated for SR Fall-run Chinook salmon include: (1) safe passage for
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juvenile migration which is reduced by the presence of the Snake and Columbia River
hydropower system within the lower mainstem; (2) rearing habitat water quality altered by influx
of contaminants and changing seasonal temperature regimes caused by water flow management;
and (3) spawning/rearing habitat PCE attributes (spawning areas with gravel, water quality,
cover/shelter, riparian vegetation, and space to support egg incubation and larval growth and
development) that are reduced in quantity (80% loss) and quality due to the mainstem lower

Snake River hydropower system.

Water quality impairments in the designated critical habitat are common within the range of this
ESU. Pollutants such as petroleum products, pesticides, fertilizers, and sediment in the form of
turbidity enter the surface waters and riverine sediments from the headwaters of the Snake,
Salmon, and Clearwater Rivers to the Columbia River estuary; traveling along with
contaminated stormwater runoff, aerial drift and deposition, and via point source discharges.
Some contaminants such as mercury and pentachlorophenol enter the aquatic food web after
reaching water and may be concentrated or even biomagnified in the salmon tissue. This species
also requires migration corridors with adequate passage conditions (water quality and quantity
available at specific times) to allow access to the various habitats required to complete their life

cycle.

Snake River Spring/Summer-Run Chinook Salmon

This ESU includes production areas that are characterized by spring-timed returns, summer-
timed returns, and combinations from the two adult timing patterns. The SR Spring/Summer-run
Chinook ESU includes all naturally spawned populations of spring/summer-run Chinook salmon
in the mainstem Snake River and the Tucannon River, Grande Ronde River, Imnaha River, and
Salmon River subbasins (57 FR 23458, Figure 11). Fifteen artificial propagation programs are
included in the ESU (70 FR 37176). These artificially propagated populations are no more
divergent relative to the local natural populations than would be expected between closely
related populations within this ESU.
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Snake River Spring-Summer Run Chinook
Sub-Basin Range and Distribution
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Figure 11. Snake River Spring/Summer-run Chinook salmon distribution.
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Life History

Runs classified as spring-run Chinook salmon pass Bonneville Dam beginning in early March to
mid-June; runs classified as summer-run Chinook salmon return to the Columbia River from
June through August. SR Spring/Summer-run Chinook salmon exhibit a stream-type life history.
In general, spring-run type Chinook salmon tend to spawn in higher elevation reaches of major
Snake River tributaries while summer-run Chinook salmon tend to spawn lower in the Snake
River drainages. However, there is an overlap of summer-run Chinook salmon spawning areas
and that of spring-run spawners. Spring-run Chinook salmon spawn in mid- through late August,
and summer-run Snake River Chinook salmon spawn approximately one month later than spring-
run fish. Eggs 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. Snake River Spring/Summer-run Chinook salmon
return from the ocean to spawn primarily as four and five year-old fish, after two to three years

in the ocean.

Status and Trends

NMFS originally listed SR Spring/Summer-run Chinook salmon as threatened on April 22, 1992
(57 FR 14653), and reaffirmed their threatened status on June 28, 2005 (70 FR 37160). The
ICBTRT has identified 31 historic populations (Table 18). Historic populations above Hells
Canyon Dam are considered extinct (ICTRT, 2003). Multiple spawning sites are accessible and
natural spawning and rearing are well distributed within the ESU. However, many spawning
aggregates have also been extirpated, which has increased the spatial separation of some
populations. The South Fork and Middle Fork Salmon Rivers currently support the bulk of
natural production in the drainage. Table 18 identifies populations within the Snake River

Spring/Summer-run Chinook salmon ESU, their abundances, and hatchery input.
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Table 18. Snake River Spring/Summer-run Chinook salmon populations, abundances, and
hatchery contributions (T. P. Good, et al., 2005). Note: rpm denotes redds per mile.

Mean Number of

Current Populations o Spawners Hatchery .Abqndance
Abundance Contributions
(Range)
Tucannon River Unknown 303 (128-1,012) 76%
Wenaha River Unknown 225 (67-586) 64%
Wallowa River Unknown 0.57 redds (0-29) 5%
Lostine River Unknown 34 redds (9-131) 5%
Minam River Unknown 180 (96-573) 5%
Catherine Creek Unknown 50 (13-262) 56%
Upper Grande Ronde River Unknown 46 (3-336) 58%
Imnaha River Unknown 564 r;%isi)(lw— 62%
Big Sheep Creek Unknown 0.25 redds (0-1) 97%
Little Salmon Unknown Unknown Unknown
South Fork Salmon River Unknown 496 redds (277-679) 9%
Secesh River Unknown 144 redds (38-444) 1%
Johnson Creek Unknown 131 redds (49-444) 0%
Big Creek spring run Unknown 53 redds (21-296) 0%
Big Creek summer run Unknown 5 redds (2-58) Unknown
Loon Creek Unknown 27 redds (6-255) 0%
Bear Valley/Elk Creek Unknown 266 (72-712 0%
Marsh Creek Unknown 53 (0-164) 0%
North Fork Salmon River Unknown 5.6 redds (2-19) Unknown
Lemhi River Unknown 72 redds (35-216) 0%
Pahsimeroi River Unknown 161 (72-1,097 Unknown
East Fork Salmon spring run Unknown 0.27 rlp;nl)(O.Z B Unknown
East Fork Salmon summer run Unknown 1.22 rgrgz()O.SS B 0%
Yankee Fork spring run Unknown 0 Unknown
Yankee Fork summer run Unknown 2.9 redds (1-18) 0%
Valley Creek spring run Unknown 7.4 redds (2-28) 0%
Valley Creek summer run Unknown 2.14 rgrgg()().?l B Unknown
Upper Salmon spring run Unknown 69 redds (25-357) Unknown
Upper Salmon summer run Unknown 0.24 rgrgg()0.0? B Unknown
Alturas Lake Creek Unknown 2.7 redds (0-18) Unknown
Lick Creek Unknown 1.44 redds (0-29) 59%
ESU Estimate ~1.5 million ~9,700

According to Matthews and Waples (Matthews & Waples, 1991), total annual SR

Spring/Summer-run 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). Between 1981 and 2000, total returns fluctuated between extremes of
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1,800 and 44,000 fish. The 2001 and 2002 total returns increased to over 185,000 and 97,184

adults, respectively.

Abundance of summer run Chinook salmon have increased since the low returns in the mid-
1990s (lowest run size was 692 fish in 1995). The 1997 to 2008 geometric mean total return for
the summer run component at Lower Granite Dam was slightly more than 8,700 fish, compared
to the geometric mean of 3,076 fish for the years 1987 to 1996 (Data from the Columbia Basin
Fisheries Agencies and Tribes http://www.fpc.org/). However, over 80% of the 2001 return and
over 60% of the 2002 return originated from hatcheries (T. P. Good, 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 of individual
populations. Further, despite the increase in abundance during the last ten years, annual
abundance continues to be variable and is most pronounced in natural-origin fish. Thus,
although the average abundance in the most recent decade is higher than the previous decade,
there is no obvious long-term trend (T. P. Good, et al., 2005) (Data from the Columbia Basin
Fisheries Agencies and Tribes http://www.fpc.org/). However, recent trends, buoyed by the last
five years, are approaching 1. 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.

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 ESU to maintain

distinct subpopulations adapted to local environments (T. P. Good, et al., 2005).

Critical Habitat

NMFS designated critical habitat for the Snake River (SR) Spring/Summer-run Chinook salmon
on October 25, 1999 (64 FR 57399). This critical habitat encompasses the waters, waterway
bottoms, and adjacent riparian zones of river reaches of the Columbia, Snake, and Salmon
Rivers, and all tributaries of the Snake and Salmon Rivers, that are or were accessible to listed
Snake River salmon (except reaches above impassable natural falls, and Dworshak and Hells

Canyon Dams).
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NMFS identified spawning, rearing, and migration as PCEs for the SR Spring/Summer-run
Chinook salmon. Spawning and juvenile rearing essential features consist of adequate (1)
spawning gravel, (2) water quality, (3) water quantity, (4) water temperature, (5) riparian
vegetation, (6) food, (7) cover/shelter, and (8) space. Juvenile and adult migration corridor
essential features consist of adequate (1) substrate, (2) water quality, (3) water quantity, (4) water

temperature, (5) food (juveniles only), (6) riparian vegetation, and (7) access.

Watersheds within the critical habitat designated for the SR Spring/Summer-run Chinook salmon
have not been evaluated for their conservation value. However, the lower Columbia River
corridor is among the areas of high conservation value to the ESU because it connects every
population with the ocean and is used by rearing/migrating juveniles and migrating adults.

Spawning and juvenile rearing PCEs are regionally degraded by changes in flow quantity, water
quality, and loss of cover. Juvenile and adult migrations are obstructed by reduced access that
has resulted from altered flow regimes from hydroelectric dams. According to the ICBTRT, the
Panther Creek population was extirpated because of legacy and modern mining-related pollutants

creating a chemical barrier to fish passage (D. J. Chapman & Julius, 2005).

Presence of cool water that is relatively free of contaminants is particularly important for the
spring/summer run life history as adults hold over the summer and juveniles may rear for a
whole year in the river. Water quality impairments are common in the range of the critical
habitat designated for this ESU. Pollutants such as petroleum products, pesticides, fertilizers,
and sediment in the form of turbidity enter the surface waters and riverine bottom substrate from
the headwaters of the Snake, Salmon, and Clearwater Rivers to the Columbia River estuary as
contaminated stormwater runoff, aerial drift and deposition, and via point source discharges.
Some contaminants such as mercury and pentachlorophenol enter the aquatic food web after
reaching water and may be concentrated or even biomagnified in the salmon tissue. This species
also requires migration corridors with adequate passage conditions (water quality and quantity
available at specific times) to allow access to the various habitats required to complete their life
cycle.
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Upper Willamette River Chinook Salmon

The Upper Willamette River (UWR) Chinook salmon ESU includes all naturally spawned
populations of spring-run Chinook salmon in the Clackamas River and in the Willamette River,
and its tributaries, above Willamette Falls, Oregon (Figure 12). Seven artificial propagation
programs are included in the ESU (70 FR 37160, June 28, 2005). These artificially propagated
populations are no more divergent relative to the local natural populations than would be

expected between closely related populations within the ESU.
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Upper Willamette River Chinook ESU
Sub-Basin Range and Distribution
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Figure 12. Upper Willamette River Chinook salmon distribution
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Life History

UWR Chinook salmon exhibit an earlier time of entry into the Columbia River than other spring-
run Chinook salmon ESUs (J. M. Myers et al., 1998). Adults appear in the lower Willamette
River in February, but the majority of the run ascends Willamette Falls in April and May, with a
peak in mid- to late May. However, present-day salmon ascend the Willamette Falls via a fish
ladder. Consequently, the migration of spring Chinook salmon over Willamette Falls extends
into July and August (overlapping with the beginning of the introduced fall-run of Chinook

salmon).

The adults hold in deep pools over summer and spawn in late fall or early winter when winter
storms augments river flows. Fry may emerge from February to March and sometimes as late as
June (J. Myers, et al., 2006). Juvenile migration varies with three distinct juvenile emigration
“runs”: fry migration in late winter and early spring; sub-yearling (O yr +) migration in fall to
early winter; and yearlings (1 yr +) migrating in late winter to spring. Sub-yearlings and
yearlings rear in the mainstem Willamette River where they also use floodplain wetlands in the

lower Willamette River during the winter-spring floodplain inundation period.

Status and Trends

NMFS originally listed UWR Chinook salmon as threatened on March 24, 1999 (64 FR 14308),
and reaffirmed their threatened status on June 28, 2005 (70 FR 37160). Historically, 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 Albigua Creek. Table 19 identifies populations within the UWR Chinook

salmon ESU, their abundances, and hatchery input.

The W/LCRTRT identified seven historical independent populations (J. Myers, et al., 2006)
(Table 19). Most natural spring Chinook salmon populations of this ESU are likely extirpated or
nearly so. The spring Chinook salmon in the McKenzie River is the only remaining naturally
reproducing population in this ESU. Current spatial distribution is reduced by the loss of 30 to
40% of the total historic habitat which has restricted spawning to a few areas below dams.
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Table 19. Upper Willamette River Chinook salmon independent populations core (C) and genetic
legacy (G) populations, and hatchery contributions (T. P. Good, et al., 2005).

Functionally Independent Historical MBI RS Hatchery Abundance

; Spawner S

Populations Abundance Contributions

Abundance
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%
Total >70,000 ~9,700 Mostly hatchery

Note: rpm denotes redds per mile

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, the current abundance is an order of magnitude
below the peak abundance levels observed in the 1920s (approximately 300,000 adults). Total
number of fish increased during the period from 1996 to 2004 when it peaked at more than
96,000 adult spring-run Chinook salmon passing Willamette Falls. Since then, the run has
steadily decreased with only about 14,000 fish counted in 2008, the lowest number since 1960.
ESU abundance increased again to about 25,000 adult spring-run Chinook salmon in 2009. Runs

consist of a high but uncertain fraction of hatchery-produced fish.

The spring Chinook salmon in the McKenzie River is the only remaining self sustaining
naturally reproducing independent population. The other natural-origin populations in this ESU

have very low current abundances, and long- and short-term population trends are negative.

Access of fall-run Chinook salmon to the upper Willamette River and the mixing of hatchery
stocks within the ESU have threatened the genetic integrity and diversity of the species. Much
of the genetic diversity that existed between populations has been homogenized (J. Myers, et al.,
2006).

Critical Habitat

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

NMFS assessed the conservation value of 59 watersheds within the range of the UWR Chinook
salmon (Table 20). Nineteen watersheds received a low rating, 18 received a medium rating, and
22 received a high rating of conservation value to the ESU (NMFS, 2005b). The lower
Willamette/Columbia River rearing/migration corridor downstream of the spawning range is also
considered to have a high conservation value and is the only habitat designated in four of the

high value watersheds.

The current condition of PCEs of the UWR Chinook salmon critical habitat indicates that
migration and rearing PCEs are not currently functioning or are degraded. These conditions
impact their ability to serve their intended role for species conservation. The migration PCE is
degraded by dams altering migration timing and water management altering the water quantity
necessary for mobility and survival. Migration, rearing, and estuary PCEs are also degraded by
loss of riparian vegetation and instream cover. Pollutants such as petroleum products, fertilizers,
pesticides, and fine sediment enter the stream through runoff, point source discharge, drift during
application, and non-point discharge where agricultural and urban development occurs.
Degraded water quality in the lower Willamette River where important floodplain rearing habitat

is present affects the ability of this habitat to sustain its role to conserve the species.
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Table 20. UWR Chinook salmon watersheds with conservation values

HUC 4 Subbasin

HUC 5 Watershed conservation Value (CV)

High CV

PCE(s)’

Medium
CcVv

PCE(s)*

Low CV

PCE(s)*

Middle Fork
Willamette

4

(1)

»

2, 1)

0

Coastal Fork
Willamette

21

Upper Willamette

(2, 1)

)

McKenzie

1,2

(2, 1)

North Santiam

1)

(2, 1)

South Santiam

1,2

2,1

Middle Willamette

)

Yamhill

)

Molalla/Pudding

1,2

(2)

Clackamas

@°

1)

Lower Willamette

wlo|o(o|o(w|N|fo|of O

2)

Columbia River
Corridor

(=

®3)

O ([O|lOo|w|Oo|o|w|Fr|N|w| O

O |O|RP|W|A~|A~|O|O|O|W]| &

Total

22

18

19

1 Numbers in parenthesis refers to the dominant (in river miles) PCE(s) within the HUC 5 watersheds.
PCE 1 is spawning and rearing, 2 is rearing and migration, and 3 is migration and presence. PCEs with <

means that the number of river miles of the PCE is much less than river miles of the other PCE.

2 .Lower Clackamas River provides for 13.4 miles of PCE 2
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California Coastal Chinook Salmon

California Coastal (CC) Chinook salmon includes all naturally-spawned coastal Chinook salmon
spawning north from Redwood Creek to, and including, the Russian River to the south as shown
in Figure 13. Seven artificial propagation programs are part of this ESU. These artificially
propagated populations are no more divergent relative to the local natural populations than

would be expected between closely related populations within this ESU.

Life History

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, et al., 2005). The
different populations vary in run timing depending on latitude and hydrological differences
between watersheds. Entry of CC Chinook salmon into the Russian River depends on increased
flow from fall storms, usually in November to January. Juveniles of this ESU migrate
downstream from April through June and may reside in the estuary for an extended period before

entering the ocean.
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California Coastal Chinook ESU
Sub-Basin Range and Distribution
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Figure 13. California Coastal Chinook salmon distribution
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Table 21. California Coastal Chinook salmon fall-run populations-preliminary population
structure, abundances, and hatchery contributions (T. P. Good, et al., 2005)

Population Historic Spawner Mean Number of Hatchery .Abqndance
Abundance Spawners Contributions
Eel River (includes * tributaries 156-2,730 ~30%
below) — 2 populations
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 17%
Small Humboldt County rivers 1,500 Unknown 0
Rivers north of Mattole River 600 Unknown 0
Humboldt Bay tributaries 40 120 40 (33%)
Noyo River 50 Unknown 0
Russian River 50-500 >1,383 — >6,103 ~0%
Tenmile to Gualala coastal effluents Unknown Unknown 0
Total 20,750-72,550 Unknown

Status and Trends

NMEFS listed CC Chinook salmon as threatened on September 16, 1999 (64 FR 50393), and
reaffirmed their threatened status on June 28, 2005 (70 FR 37160). The CC Chinook ESU
historically consisted of 10 functionally independent populations and 5 potentially independent
populations (Bjorkstedt, et al., 2005). Seventeen basins may have had Chinook salmon runs that
relied on immigration from the larger basins. ESU connectivity is substantially reduced by the
near extirpation of all historically independent populations between the Russian River in Sonoma
County and Mattole River in Humboldt County (NMFS, 2008a; Brian C. Spence, et al., 2008).

The number of extant populations is uncertain.

Historical estimates of escapement suggest abundance was roughly 73,000 in the early 1960s,
with the majority of fish spawning in the Eel River, and about 21,000 in the 1980s (T. P. Good,
et al., 2005). Table 21 identifies populations within the CC Chinook salmon ESU, their
abundances, and hatchery input.
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Comparison of historical and current abundance information indicates that independent
populations of Chinook salmon are depressed in many basins (Bennet, 2005; T. P. Good, et al.,
2005; NMFS, 2008a). All spring-run populations once occupying the North Mountain Interior
are considered extinct or nearly so. Redd counts in Mattole River in the northern portion of the
ESU indicate a small but consistent population; the cooler northern climate likely provides for
favorable conditions for these populations (Brian C. Spence, et al., 2008). The Eel River interior
fall-run populations are severely depressed (Brian C. Spence, et al., 2008). Two functionally
independent populations are believed to have existed along the southern coastal portion of the
ESU; of these two, only the Russian River currently has a run of any significance (Bjorkstedt, et
al., 2005). This is also the only population with abundance time series. The 2000 to 2007
median observed (at Mirabel Dam) Russian River Chinook salmon run size is 2,991 with a
maximum of 6,103 (2003) and a minimum of 1,125 (2008) adults (D. Cook, 2008; Sonoma
County Water Agency (SCWA), 2008). The number of spawners has steadily decreased since its
high returns in 2003 with 1,963 fish observed in 2007 and 1,125 observed by December 22,
2008. The time series is too short to estimate lambda.

The CC Chinook ESU is at considerable risk from population fragmentation and reduced spatial
diversity. There is little connectivity between the southern and northern portions of their range.
At the southern portion of the ESU, only the Russian River population has had a constant run
that exceeded 1,000 adult spawning fish over the last 10 years. This places the ESU at risk from
random catastrophic events, chronic stressors, and long-term environmental change. Life history
diversity has been significantly reduced by loss of the spring-run race and reduction in coastal

populations.

Critical Habitat

NMFS designated critical habitat for the CC Chinook salmon on September 2, 2005 (70 FR
52488). It includes multiple CALWATER hydrological units north from Redwood Creek and
south to Russian River (Table 22). The total area of critical habitat includes 1,500 miles of
stream habitat and about 25 square miles of estuarine habitat, mostly within Humboldt Bay. A
list and maps of watersheds and streams designated as critical habitat for CC Chinook salmon
can be found in the Federal Register (70 FR 52488, Sept. 2, 2005).
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There are 45 occupied CALWATER Hydrologic Subarea (HSA) watersheds within the
freshwater and estuarine range of this ESU. Eight watersheds received a low rating, 10 received
a medium rating, and 27 received a high rating of conservation value to the ESU (70 FR 52488).
Two estuarine habitat areas used for rearing and migration (Humboldt Bay and the Eel River

Estuary) also received a high conservation value rating (Figure 14).

Table 22. CC Chinook salmon CALWATER HSA watersheds with conservation values

HUC 5 Watershed conservation Value (CV)
HUC 4 Subbasin | snev | PeEes) Mecd\'fm PCE(s)* | LowCV | PCE(s)*
Redwood Creek 2 (1,2,3) 1 (1,2,3) 0
Trindad 1 (1,2,3) 0 1 (1,2,3)
Mad River 3 (1,2,3) 0 0
Eureka Plain 1 (1,2,3) 0 0
Eel River 12 (1,2,3) 4 (1,2,3) 3 (1,2,3)
Cape Mendocino 2 (1,2,3) 0 0
Mendocino Coast 2 (1,2,3) 3 (1,2,3) 2 (1,2,3)
Russian River 4 (1,2,3) 2 (1,2,3) 2 (1,2,3)
Total 27 10 8

1 Numbers in parenthesis refers to the dominant (in river miles) PCE(s) within the HUC 5 watersheds.
PCE 1 is spawning and rearing, 2 is rearing and migration, and 3 is migration and presence. PCEs with <
means that the number of river miles of the PCE is much less than river miles of the other PCE.

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 current condition of PCEs of the CC
Chinook salmon critical habitat indicates that PCEs are not currently functioning or are
degraded; their conditions are likely to maintain a low population abundance across the ESU.
CC Chinook salmon spawning PCE in coastal streams is degraded by years of timber harvest that
has produced large amounts of sand and silt in spawning gravel and reduced water quality by
increased turbidity. Agriculture and urban areas has impacted rearing and migration PCEs in the
Russian River by degrading water quality and by disconnecting the river from it floodplains by
the construction of levees. Water management from dams within the Russian and Eel River
watersheds maintain high flows and warm water during summer which benefits the introduced
predatory Sacramento pikeminnow. This has resulted in excessive predation along migration
corridors. Breaches of the sandbar at the mouth of the Russian River result in periodic mixing of
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salt water. This condition degrades the estuary PCE by altering water quality and salinity

conditions that support juvenile physiological transitions between fresh- and salt water.
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Conservation Value of Hydrologic Sub-Areas

125w 1246w
L 1

123w
L

-

1" N—

E HUC 4 Boundaries

=41°N

=40°N

T B ]

0o 15 @ &0
e | e te 15

221w

Prepared by K. Goetschius e
February 2010

Figure 14. California Coastal Chinook salmon Conservation Values per Sub-Area
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Central Valley Spring-run Chinook Salmon

The Central Valley (CV) Spring-run Chinook salmon includes all naturally spawned populations
of spring-run Chinook salmon in the Sacramento River, California, and its tributaries (Figure 15).
The Feather River Hatchery spring-run Chinook salmon is included in this ESU. This artificially
propagated population is no more divergent relative to the local natural populations than would
be expected between closely related populations within this ESU. Table 23 identifies populations

within the CV Spring-run Chinook salmon ESU, their abundances, and hatchery input.

Life History

CV Spring-run Chinook salmon enter the Sacramento River from March to September and
spawn from late August through early October, with a peak in September. Chinook salmon
require cool fresh water while they mature over the summer. Adult upstream migration may be
blocked by temperatures above 21°C (McCullough, 1999). Fry emerge from the gravel
November to March. Juvenile spring-run emigration in the Sacramento River is highly variable
and they may migrate either as soon as they emerge from the gravel or as yearlings. The
majority of spring-run fry emerging in the tributaries migrate downstream from December
through February during high flows. Juvenile CV Spring-run Chinook salmon have been
observed rearing in the lower reaches of non-natal tributaries and intermittent streams in the
Sacramento Valley during the winter months. Peak fry/sub-yearling movements are observed
farther downstream in lower Sacramento River (Knights Landing) and the Delta during March
and April. Up to 25% of juveniles may remain in the tributaries to rear and outmigrate as

yearlings the next fall, normally starting in December.
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Central Valley Spring-Run Chinook ESU
Sub-Basin Range and Distribution
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Figure 15. Central Valley Spring-run Chinook salmon distribution
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Status and Trends

NMFS originally listed CV Spring-run Chinook salmon as threatened on September 16, 1999 (64
FR 50393), and reaffirmed their threatened status on June 28, 2005 (70 FR 37160). Historically,
spring-run Chinook salmon were predominant throughout the Sacramento and San Joaquin River
drainages. All runs within the San Joaquin River basin are now extirpated. Naturally spawning
populations of CV Spring-run Chinook salmon currently are restricted to accessible reaches of
the upper mainstem Sacramento River and its tributaries Butte, Deer, and Mill Creeks. Limited

spawning occurs in the basins of smaller tributaries (CDFG, 1998).

Table 23. Central Valley Spring-run Chinook salmon--preliminary population structure, historic
and most recent natural production, spawner abundance, and hatchery contributions (T. P. Good,
et al., 2005; USFWS & Reclamation, 2007)

. . Most Recent Most Recent
Historic Natural Hatchery
. : Natural Spawner
Population Production C 2 Abundance
(1967 — 1991) Production )(2000 (Abundance) Contributions
— 2006 2000- 2006
Butte Creek 1,000 6,516 — 19,809 4,118 - 10,625 Unknown
Deer Creek 3,300 1,387 — 3,461 637 — 2,759 Unknown
Mill Creek 2,200 1,184 — 26,190 544 — 1594 Unknown
Sacramento River 29,000 0-1,134 0-394 Unknown
Estimated
historic
Total abundance: 11,403 — 26,190 5,370 — 14,044 Unknown
~700,000 for all
populations

1. Includes catches
2.i.e., escapement

The Central Valley drainage supported spring-run Chinook salmon runs as large as 700,000 fish
between the late 1880s and the 1940s (L. R. Brown, Moyle, & Yoshiyama, 1994). Before

construction of Friant Dam, nearly 50,000 adults were counted in the San Joaquin River alone

(Fry, 1961).

Median natural production of spring-run Chinook salmon from 1970 to 1989 was 30,220 fish. In

the 1990s, the population experienced a substantial production failure with an estimated natural

production ranging between 3,863 and 7,806 fish (with the exception of 1995 which had a

natural production of an estimated 35,640 adults) during the years between 1991 and 1997

(USFWS & Reclamation, 2007). Numbers of naturally produced fish increased significantly in
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1998 to an estimated 48,755 adults and estimated natural production has remained above 10,000
fish since then (USFWS & Reclamation, 2007).

The Sacramento River trends and lambda show a long- and short- term negative trend and
negative population growth (T. P. Good, et al., 2005). Meanwhile, the median production of
Sacramento River tributary populations increased from a low of 4,248 with only one year
exceeding 10,000 fish before 1998 to a combined natural production of more than 10,000 spring-
run Chinook in all years after 1998 (data from (USFWS & Reclamation, 2007)). Time series
data for Mill, Deer, Butte, and Big Chico Creeks spring-run Chinook salmon (updated through
2006) show that all three tributary spring-run Chinook populations have long-and short-term
lambdas >1; indicating population growth (T. P. Good, et al., 2005). Although the populations
are small, CV spring-run Chinook salmon have some of the highest population growth rates in
the Central Valley.

Critical Habitat

NMFS designated critical habitat for this species on September 2, 2005 (70 FR 52488).
The critical habitat boundary includes the Sacramento River and several tributaries from the Big

Chico tributary with Sacramento River upstream to Shasta Dam (Table 24).

There are 38 occupied HSA watersheds within the freshwater and estuarine range of this ESU.
As shown in Figure 16, seven watersheds received a low rating, 3 received a medium rating, and
27 received a high rating of conservation value to the ESU (NMFS, 2005c). Four of these HSA
watersheds comprise portions of the San Francisco-San Pablo-Suisun Bay estuarine complex

which provides rearing and migratory habitat for this ESU.

The current condition of PCEs of the CV Spring-run Chinook salmon critical habitat indicates
that PCEs are not currently functioning or are degraded; their conditions are likely to maintain a
low population abundance across the ESU. Spawning and rearing PCEs are degraded by high
water temperature caused by the loss of access to historic spawning areas in the upper
watersheds which maintained cool and clean water throughout the summer. The rearing PCE is

degraded by floodplain habitat being disconnected from the mainstem of larger rivers throughout
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the Sacramento River watershed, thereby reducing effective foraging. Migration PCE is
degraded by lack of natural cover along the migration corridors. Juvenile migration is obstructed
by water diversions along Sacramento River and by two large state and federal water-export

facilities in the Sacramento-San Joaquin Delta.
Table 24. CV Spring-run Chinook salmon CALWATER HSA watersheds with conservation values

HUC 5 Watershed conservation Value (CV)
HUC 4 Subbasin i
High CV PCE(s)! Meg\'/“m PCE(s)! | LowCV | PCE(s)*
San
. . Estuary Estuary
San Francisco Bay Frag;;sco PCEs 0 0 1 PCEs
Suisun Bay Suisun Bay 1 0 0 0
Tehama 1 (1,2,3) 1 (1,2,3) 0
Whitmore 1 (1,2,3) 0 2 (1,2,3)
Redding 2 (1,2,3) 0 0
Eastern Tehama 4 (1,2,3) 0 0
Sacramento Delta 1 (2,3,1) 0 0
Valley Putah-
Cache 1 (1, 2,3) 0 0
Marysville 3 (1,2,3) 0 0
Yuba River 2 (1,2,3) 1 (1,2,3) 1 (1,2,3)
Valley-American 2 (1,2,3) 0 0
Colusa Basin 4 (1, 2,3) 0 0
Butte Creek 1 (1, 2,3) 0 0
Ball Mountain 0 0 1 (1,2,3)
Shasta Bally 3 (1,2,3) 0 1 (1,2,3)
North Diablo 0 1 (1,2, 3) 0
Range
San Joaquin Delta 0 0 1 (1, 2,3)
Total 28 3 7

1 Numbers in parenthesis refers to the dominant (in river miles) PCE(s) within the HUC 5 watersheds.
PCE 1 is spawning and rearing, 2 is rearing and migration, and 3 is migration and presence. PCEs with <
means that the number of river miles of the PCE is much less than river miles of the other PCE.

Contaminants from agriculture and urban areas have degraded rearing and migration PCESs to the
extent that they have lost their functions necessary to serve their intended role to conserve the
species. Water quality impairments in the designated critical habitat of this ESU include inputs
from fertilizers, insecticides, fungicides, herbicides, surfactants, heavy metals, petroleum
products, animal and human sewage, sediment in the form of turbidity, and other anthropogenic
pollutants. Pollutants enter the surface waters and riverine sediments as contaminated

stormwater runoff, aerial drift and deposition, and via point source discharges. Some
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contaminants such as mercury and pentachlorophenol enter the aquatic food web after reaching

water and may be concentrated or even biomagnified in salmon tissue.

Central Valley Spring-Run Chinook ESU
Conservation Value of Hydrologic Sub-Areas
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Figure 16. Central Valley Spring-run Chinook salmon Conservation Values per Sub-Area
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Sacramento River Winter-run Chinook Salmon

The ESU includes all winter-run Chinook salmon entering and using the Sacramento River
system in the Central Valley, California. The ESU boundary extends from the Carquinez Strait
by the City of Vallejo and Benicia upstream the Sacramento River, including all its tributaries, to

below Keswick Dam (Figure 17). The ESU now consists of a single spawning population.

Life History

The winter-run Chinook salmon have characteristics of both stream- and ocean-type races (M.C.
Healey, 1991). Adults enter fresh water in winter or early spring but delays spawning until May
and June. Fry emerge from the gravel in late June to early July and continue through October (F.
W. Fisher, 1994). Young winter-run Chinook salmon start migrating to sea as early as mid July
with a peak movement over the Red Bluff Diversion Dam (RBDD) in September. Some
offspring move downstream as fry while other rear in the upper Sacramento River and move
down as smolt. Normally fry have passed the RBDD by October while smolts may pass over the
RBDD until March. Juvenile winter-runs occur in the Delta primarily from November through
early May. Winter-run juveniles remain in the Delta until they are from 5 to 10 months of age,
and then begin emigrating to the ocean as early as November and continue through May (F. W.
Fisher, 1994; J. M. Myers, et al., 1998). The winter-run race matures between two and six years

of age with the majority returning as three-year olds.
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Sacramento River Winter Run Chinook ESU
Sub-Basin Range and Distribution
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Figure 17. Sacramento River Winter-run Chinook salmon distribution

151



Status and Trends

NMFS listed Sacramento River Winter-run Chinook salmon as endangered on January 4, 1994
(59 FR 440), and reaffirmed their endangered status on June 28, 2005 (70 FR 37160). The
winter-run Chinook salmon spawned and reared in the upper Sacramento River and its tributaries
(Slater, 1963; Yoshiyama, Gerstung, Fisher, & Moyle, 1998). Today the Shasta Dam eliminates
access to the historic spawning habitat. Cold water releases from the dam have also created
conditions suitable for winter-run spawning and rearing in a 60- to 100-mile long portion of the
Sacramento River downstream of the dam. As a result, the Sacramento River Winter-run
Chinook salmon has been reduced to a single spawning population confined to a portion of the

mainstem Sacramento River.

Winter-runs may have been as large as 200,000 fish based upon commercial fishery records from
the 1870s (F. W. Fisher, 1994). During the first three years of operation of the counting facility
at the RBDD (From 1967 to 1969), an average of 86,500 winter-run Chinook salmon were
counted (CDFG, 2008). Critically low levels were reached during the drought of 1987 to 1992
with an absolute bottom of 191 fish counted. The three-year average run size for the period of
1989 to 1991 was 388 fish.

The population grew rapidly from the early 1990s to mid-2005. Mean run size increased from
1,363 before 2000 with all runs estimated to less than 10,000 fish to an average run of 8,470
adults between 2000 and 2006 with two runs estimated to more than 10,000 fish (USFWS &
Reclamation, 2007). However, the natural produced winter-run Chinook salmon plunged in
2007 and 2008, with 4,461 adults estimated for 2007 and a preliminary estimate between of
2,600-2,950 adults for 2008 (USFWS, 2008).

The Sacramento River Winter-run Chinook salmon is expected to have lost some genetic

diversity through bottleneck effects in the late 1980s and early 1990s. Hatchery releases may
also have affected population genetics. The loss of natural spawning habitat and hydrological
conditions has further removed the natural evolutionary processes that maintained the unique

winter-run life history.
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Critical Habitat

NMFS designated critical habitat for this species on June 16, 1993 (58 FR 33212). It includes:
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.

NMFS identified specific water temperature criteria, minimum instream flow criteria, and water
quality standards as essential physical features (PCEs) of the ESU’s habitat for species
conservation. In addition, biological features vital for the Sacramento River winter-run Chinook
salmon include unimpeded adult upstream migration routes, spawning habitat, egg incubation
and fry emergence areas, rearing areas for juveniles, and unimpeded downstream migration

routes for juveniles.

This ESU has not been evaluated for the conservation value of individual subbasins or river
sections. However, since spawning, rearing, and migration of the winter-run race is restricted to
the mainstem of the Sacramento River, the entire Sacramento River is considered of high
conservation value. The Delta is similarly considered of high conservation value for rearing and

migration.

As there is overlap in designated critical habitat for both the Sacramento River Winter-run
Chinook salmon and the spring-run Chinook salmon, the conditions of PCEs for both ESUs are
similar. The current condition of PCEs for the Sacramento River Winter-run Chinook salmon
indicates that they are not currently functioning or are degraded. Their conditions are likely to
maintain low population abundances across the ESU. Spawning and rearing PCEs are especially
degraded by high water temperature caused by the loss of access to historic spawning areas in the
upper watersheds where water maintain lower temperatures. The rearing PCE is further
degraded by floodplain habitat disconnected from the mainstems of larger rivers throughout the
Sacramento River watershed. The migration PCE is also degraded by the lack of natural cover
along the migration corridors. Rearing and migration PCEs are further affected by pollutants
entering the surface waters and riverine sediments as contaminated stormwater runoff, aerial drift

and deposition, and via point source discharges. Juvenile migration is obstructed by water
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diversions along Sacramento River and by two large state and federal water-export facilities in

the Sacramento-San Joaquin Delta.
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Chum Salmon

Description of the Species

Chum salmon have the widest natural geographic and spawning distribution of any Pacific
salmonid as their range extend 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 Bay, California. Historically, chum
salmon were distributed throughout the coastal regions of western Canada and the U.S.
Presently, major spawning populations occur 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 fresh water, 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 are distributed throughout the
North Pacific Ocean and Bering Sea.

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 migrate into northern British Columbian and Alaskan
waters. Instead, Puget Sound chum salmon travel directly offshore into the North Pacific Ocean.

Chum salmon usually spawn in the lower reaches of rivers. Redds are dug in the mainstem or in
side channels of rivers from just above tidal influence to nearly 100 km from the sea. The time
to hatching and emergence from the gravel redds are influenced by DO, gravel size, salinity,
nutritional conditions, behavior of alevins in the gravel, and incubation temperature (reviewed
(Bakkala, 1970; Salo, 1991; Schroder, 1977; Schroder et al., 1974)). For example, fertilized
eggs hatch in about 100-150 days at 4°C, but hatch in only 26-40 days at 15°C. Juveniles

outmigrate to sea water almost immediately after emerging from the gravel that covers their
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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 in 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., steelhead, coho, and most types of Chinook and sockeye salmon). Stream-
type salmonids usually migrate to sea at a larger size, after months or years of freshwater rearing.
Thus, survival and growth for juvenile chum salmon depend less on freshwater conditions than
on favorable estuarine conditions. Another behavioral difference between chum salmon and
other salmonid species is that chum salmon form schools. Presumably, this behavior reduces
predation (Pitcher, 1986) especially if fish movements are synchronized to swamp predators (R.
J. Miller & Brannon, 1982).

The duration of estuarine residence for chum salmon juveniles are known for only a few
estuaries. Observed residence time ranged from 4 to 32 days, with about 24 days as the most
common (O. W. Johnson et al., 1997). Chum salmon juveniles use shallow, low flow habitats
for rearing that include inundated mudflats, tidal wetlands and their channels, and sloughs.

Status and Trends

Chum salmon, like the other salmon NMFS has listed, have declined from overharvests,
hatcheries, native and non-native exotic species, dams, gravel mining, water diversions,
destruction or degradation of riparian habitats, and land use practices (logging, agriculture, and
urbanization). Climate change also poses significant hazards to the survival and recovery of
salmonids. Hazards from climate change include elevated water temperature, earlier spring

runoff and lower summer flows, and winter flooding.

156



Hood Canal Summer-run Chum Salmon

The Hood Canal (HC) Summer-run chum salmon ESU (Figure 18) includes all naturally

spawned populations in Hood Canal and its tributaries as well as populations in Olympic

Peninsula rivers between Hood Canal and Dungeness Bay, Washington (64 FR 14508). Eight

artificial propagation programs are included in 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. These artificially

propagated populations are no more divergent relative to the local natural populations(s) than

what would be expected between closely related natural populations within the species. Table 25

identifies populations within the HC Summer-run chum salmon ESU, their abundances, and

hatchery input.

Table 25. Hood Canal Summer-run Chum salmon populations, abundances, and hatchery
contributions (T. P. Good, et al., 2005).

Historically Historical Most Recent Hatchery
Independent Stocks (Streams) Abundance Spawner Abundance
Populations Abundance Contributions
Strait of Juan de Fuca Chimacum Creek Unknown Extinct N/A
Dungeness Creek Unknown Unknown Unknown
Jimmycomelately Creek Unknown ~60 Unknown
Salmon/Snow creeks Unknown ~2,200 0-69%
Hood Canal Big/ L'ttr'i‘f/e?:"ce”e Unknown ~4,240 5-51%
Dosewallips River Unknown ~900 Unknown
Duckabush River Unknown Unknown Unknown
Hamma Hamma River Unknown ~758 Unknown
Lilliwaup Creek Unknown ~164 Unknown
Skokomish River Unknown Extinct N/A
Big Beef Creek* Unknown Extinct 100
Dewetto Creek* Unknown Extinct Unknown
Anderson Creek* Unknown Extinct N/A
Mission Creek* Unknown Extinct N/A
Tahuya River* Unknown Extinct N/A
Union River* Unknown ~690 Unknown

* Streams on the east side of Hood Canal.
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Life History

Run-timing data from as early as 1913 indicated temporal separation between summer- and fall-
run chum salmon in Hood Canal (O. W. Johnson, et al., 1997). The HC Summer-run chum
salmon enter natal rivers by late August until October (Washington Department of Fish and
Wildlife (WDFW), 1993). Spawning occurs from mid-September through mid-October. Adults
generally spawn in low gradient, lower mainstem reaches of natal streams, typically in center
channel areas due to the low flows encountered in the late summer and early fall. Eggs incubate
in redds for five to six months and fry emerge between January and May. After hatching, fry
move rapidly downstream to subestuarine habitats. HC Summer-run chum salmon seem to have
a longer incubation time than fall-run chum salmon in the same streams. Consequently,
offspring of summer-run chum salmon have lower average weight and less lipid content than
offspring of fall-run chum salmon. Thus, prey availability during their early life history is

important for fry survival.

HC Summer-run chum salmon juveniles quickly migrate up the Hood Canal and into the main
body of Puget Sound starting in February/March (O. W. Johnson, et al., 1997). The juveniles
rear for an average of 23 days in the subestuary deltas which support a diverse array of habitats
(tidal channels, mudflats, marshes, and eelgrass meadows). These habitats provide essential
rearing and transition environments for this ESU and juveniles rear in these habitats before
entering the ocean. Fry in Hood Canal have not been observed to display daily tidal migrations
(Bax, 1983). Fry movement is associated with prey availability. Juveniles feed primarily on
plankton and epibenthic organisms, while subadults feed on similar items as well as larger prey
(including fishes and squid).

Fish may emerge from streams over an extended period; some juveniles may remain in Quilcene

Bay for several weeks. Most adults return as spawners as three- and four-year old fish.

Status and Trends

NMFS listed HC Summer-run chum salmon as threatened on March 25, 1999 (64 FR 14508),

and reaffirmed their threatened status on June 28, 2005 (70 FR 37160). The HC extant summer-

run chum ESU consists of two historic independent populations (the Strait of Juan de Fuca and
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Hood Canal populations) that together were constituted of an estimated 16 historic stocks (Sands
et al., 2007). Of the 16 historic stocks, seven are considered extirpated. With the extirpation of
many local stocks, much of the historical spatial structure has been lost on both the population
and the ESU level. Most of the extirpated stocks occurred on the eastern side of Hood Canal,
which affects the current spatial structure of the ESU. The widespread loss of estuary and lower

floodplain habitat continue to impact the ESU’s spatial structure and connectivity.

The Strait of Juan de Fuca population includes three extant stocks that spawn in rivers and
streams entering the eastern Strait of Juan de Fuca and Admiralty Inlet. The Hood Canal
population consists of six extant stocks within the Hood Canal watershed. HC Summer-run
chum salmon are part of an extensive rebuilding program developed and implemented in
beginning in 1992 by the state and tribal co-managers. The largest supplemental program occurs
at the Big Quilcene River fish hatchery. Reintroduction programs occur in Big Beef (Hood
Canal population) and Chimacum (Strait of Juan de Fuca population) creeks. All hatchery fish
are marked and can be distinguished from naturally produced fish. There is concern that the
Quilcene hatchery stock has high rates of straying, and may represent a risk to historical

population structure and diversity.

Adult returns for some of the HC Summer-run chum salmon stocks showed modest
improvements in 2000, with upward trends continuing in 2001 and 2002. The recent five-year
mean abundance is variable among stocks, ranging from one fish to nearly 4,500 fish. Two
stocks (Quilcene and Union River) are above the conservation thresholds established by the
rebuilding plan. However, most stocks remain depressed. Estimates of the fraction of naturally
spawning hatchery fish exceed 60% for some stocks. This indicates that reintroduction programs
are supplementing the numbers of total fish spawning naturally in streams. Both the Strait of
Juan de Fuca and the Hood Canal populations have long-term trends above replacement; long-
term lambda values range from 0.85 to 1.39 (T. P. Good, et al., 2005). Long-term trends in
productivity are above replacement only for the Quilcene and Union River stocks.
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Critical Habitat

Critical habitat for this species was designated on September 2, 2005 (70 FR 52630). Of 11
watersheds reviewed in NMFS’ assessment of critical habitat for the Hood Canal Summer-run
chum salmon ESU (Figure 19), nine watersheds were rated as having a high conservation value
while three were rated as having a medium value for conservation (Table 26). Five nearshore
marine areas were also given a high conservation value rating. None of the watersheds was
considered to be of a low conservation value, primarily because approximately half of the
historical populations in this ESU have been extirpated, and the remaining populations are
limited to only about 60 stream miles. Many of the watersheds have less than four miles of
spawning habitat and none of them have more than 8.5 miles.

Table 26. Hood Canal Summer-run chum salmon watersheds with conservation values

HUC 5 Watershed conservation Value (CV)
Aucasubbasn | yighev | pee)t | MU | peE@s)® | Lowev | PCE()
Skokomish 0 1 (1, 3) 0
Hood Canal 6 (1, 3) 1 (1)° 0
Kitsap 1 (1) 0 0
Dungeness/Elwha 2 (1) 1 3,1) 0
Total 9 3 0

1 Numbers in parenthesis refers to the dominant (in river miles) PCE(s) within the HUC 5 watersheds.
PCE 1 is spawning and rearing, 2 is rearing and migration, and 3 is migration and presence. PCEs with <
means that the number of river miles of the PCE is much less than river miles of the other PCE.

Spawning PCE is degraded by excessive fine sediment in the gravel. Rearing PCE is degraded
by loss of access to sloughs in the estuary and nearshore areas and excessive predation. Low
river flows in several rivers also adversely affect most PCEs. In the estuarine areas, both
migration and rearing PCEs of juveniles are impaired by loss of functional floodplain areas
necessary for growth and development of juvenile chum salmon. These degraded conditions

likely maintain low population abundances across the ESU.
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Columbia River Chum Salmon

Columbia River (CR) chum salmon includes all natural-origin chum salmon in the Columbia

River and its tributaries in Oregon and Washington. The species consists of two populations:

Grays River and Lower Gorge in Washington State (Figure 20). This ESU also includes three

artificial hatchery programs. These artificially propagated populations are no more divergent

relative to the local natural populations than would be expected between closely related

populations within this ESU.

Table 27. Populations within the Columbia River chum salmon ESU, their abundances, and
hatchery input (T. P. Good, et al., 2005).

Most Recent

Current Populations Ao Spawner hiatchery _Abgndance
Abundance Contributions
Abundance

Youngs Bay Unknown Not reported 0

Grays River 7,511 3,832 and 2,720* Unknown
Big Creek Unknown Not reported 0
Elochoman River Unknown Not reported 0
Clatskanie River Unknown Not reported 0
Mill, Abernathy, and German Unknown Not reported 0

Creeks

Scappoose Creek Unknown Not reported 0
Cowlitz River 141,582 Not reported 0
Kalama River 9,953 Not reported 0
Lewis River 89,671 Not reported 0
Salmon Creek Unknown Not reported 0
Clackamas River Unknown Not reported 0
Sandy River Unknown Not reported 0
Washougal River 15,140 Not reported 0
Lower gorge tributaries >3,141 425 0
Upper gorge tributaries >8,912 137 and 223* 0

* Salmon Scape Statistics Query 2009: Estimated total number of natural spawners for the years 2007

and 2008.
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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. Juvenile chum
salmon reside and feed in estuaries before beginning their 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 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 when fish have grown to a size that allows them to feed upon neritic organisms and avoid
predators (Burgner, 1991). The period of estuarine residence is a critical life history phase and

plays a major role in determining the size of the subsequent adult run back to fresh water.

Status and Trends

NMFS listed CR chum salmon as threatened on March 25, 1999, and reaffirmed their threatened
status on June 28, 2005 (71 FR 37160). Regarding spatial structure, historically this ESU was
highly prolific; CR chum salmon were reported in almost every river in the Lower Columbia
River basin. However, few CR chum salmon have been observed in tributaries between the
Dalles and Bonneville dams in recent years. 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. Surveys of the White Salmon River in 2002 found only one male and one
female carcass; the female had not spawned (Ehlke & Keller, 2003). However, in the Cascades,
chum salmon sampled from each tributary recently appeared as remnants of genetically distinct

populations (Greco, Capri, & Rustad, 2007).

Historically, the ESU was composed of 17 populations in Oregon and Washington between the
mouth of the Columbia River and the Cascade crest (J. Myers, et al., 2006)
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(Table 27). Only two populations with any significant spawning remain today, both on the
Washington side (T. P. Good, et al., 2005). They are the Grays River and the Lower Gorge
(which include Hardy and Hamilton Creeks) populations (T. P. Good, et al., 2005). In addition,
during the first years after 2000, new (or newly discovered) spawning was observed in the
Washougal River mainstem and in the Washington side of the Columbia River mainstem below
the mouth of Washougal River (T. P. Good, et al., 2005). It is unclear whether this spawning has
been maintained. An extensive 2000 survey in Oregon streams supports that chum salmon are
extirpated from the Oregon portion of this ESU (T. P. Good, et al., 2005).

The CR chum salmon runs have declined substantially from historic levels concurrently with the
drastic reduction of spawning populations. In the early 1900s, the ESU numbered in the
hundreds of thousands to a million returning adults that supported a large commercial fishery in
the first half of this century. However, by the 1950s, most runs had disappeared and fisheries
landings in later years rarely exceeded 2,000 chum salmon per year (Fulton, 1970; Marr, 1943;
Rich, 1942). During the 1980s and 1990s, the estimated combined abundance of natural
spawners for the Lower Gorge, Washougal, and Grays River populations was below 4,000
adults. However, in 2002, the abundance of natural spawners increased to an estimate of total
natural spawners exceeding 20,000 adults. The cause of this dramatic increase in abundance is

unknown and was not maintained in the following years.

Current ESU abundance is mostly driven by the Lower Gorge and Grays River populations. The
estimated size of the Lower Gorge population is at 400-500 individuals, down from a historical
level of greater than 8,900 (T. P. Good, et al., 2005). A significant increase in spawner
abundance occurred in 2001 and 2002 to around 10,000 adults (T. P. Good, et al., 2005).
However, spawner surveys indicate that the abundance again decreased to low levels during
2003 through 2008 though the spawner surveys may underestimate abundance since the
proportion of tributary and mainstem spawning differ between years and the surveys do not
include spawners in the Columbia River mainstem (T. P. Good, et al., 2005; Washington
Department of Fish and Wildlife (WDFW), 2009). In the 1980s, estimates of the Grays River
population ranged from 331 to 812 individuals. However, the population increased in 2002 to as
many as 10,000 individuals (T. P. Good, et al., 2005). Based on data for number of spawners per
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river mile, this increase continued through 2003 and 2004. However, fish abundance fell again
to less than 5,000 fish during the years 2005 through 2008 (Washington Department of Fish and
Wildlife (WDFW), 2009).

Estimates of abundance and trends are available only for the Grays River and Lower Gorge
populations. The lambda values indicate a long-term downward trend at 0.954 and 0.984,
respectively (T. P. Good, et al., 2005). The 10-year trend (up to 2001) was negative for the
Grays River population and just over 1.0 for the Lower Gorge. Long- and short-term

productivity trends for populations are at or below replacement.

Critical Habitat

Critical habitat was originally designated for the CR chum salmon on February 16, 2000 (65 FR
7764) and was re-designated on September 2, 2005 (70 FR 52630). Sixteen of the 19 subbasins
reviewed in NMFS’ assessment of critical habitat for the CR chum salmon ESU were rated as

having a high conservation value (
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Table 28). The remaining three subbasins were given a medium conservation value (Figure 21).

Washington's federal lands were rated as having high conservation value to the species.

Limited information exists on the quality of essential habitat characteristics for CR chum salmon.
However, migration PCE has been significantly impacted by dams obstructing adult migration
and access to historic spawning locations. Water quality and cover for estuary and rearing PCEs
have decreased in quality to the extent that the PCEs are not likely to maintain their intended

function to conserve the species.
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Table 28. CR chum salmon watersheds with conservation values.

HUC 4 Subbasin

HUC 5 Watershed conservation Value (CV)

High CV

PCE(s)’

Medium
CcVv

PCE(s)*

Low CV

PCE(s)*

Middle
Columbia/Hood

©)

0

0

Lower
Columbia/Sandy

@1

Lewis

©)

Lower
Columbia/Clatskanie

(3,2,1)

Cowlitz

©)

(©)

Lower Columbia

N[W|] W [N W

(3,2,1)

Lower Columbia
Corridor

all

Ch)

O [O|lw|l ©o (0] ©

o |[O|of o (O] ©

Total

16

3

0

1 Numbers in parenthesis refers to the dominant (in river miles) PCE(s) within the HUC 5 watersheds.
PCE 1 is spawning and rearing, 2 is rearing and migration, and 3 is migration and presence. PCEs with <

means that the number of river miles of the PCE is much less than river miles of the other PCE.
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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, & Shepard, 1986). In this section, we
discuss the distribution, life history diversity, status, and critical habitat of the four endangered

and threatened coho species separately.

As with other salmon, the coho salmon life cycle consists of a juvenile freshwater phase and a
growth phase in the ocean before fish return to rivers to spawn. Along the Oregon/California
coast, coho salmon primarily return to rivers to spawn as three-year olds, having spent
approximately 18 months rearing in fresh water and 18 months in salt water. In some streams, a
smaller proportion of males may return as two-year olds. The presence of two-year old males
can allow for substantial genetic exchange between brood years. The relatively fixed three-year
life cycle exhibited by female coho salmon limits demographic interactions between brood years.
This makes coho salmon more vulnerable to environmental perturbations than other salmonids
that exhibit overlapping generations, i.e., the loss of a coho salmon brood year in a stream is less

likely than for other Pacific salmon to be reestablished by females from other brood years.

Most coho salmon enter rivers between September and February. In many systems, coho salmon
will have to wait to enter until fall rainstorms have provided the river with sufficiently strong
flows and depth. 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.

Depending on temperature, egg incubation ranges from 35 to 50 days (Sandercock, 1991).
Hatchlings remain in the gravel as alevins for several weeks while absorbing the yolk sac before
emerging from the gravel. In Oregon coastal streams, total average time from egg deposition to
emergence is 110 days (Sandercock, 1991). Following emergence, fry move to areas with weak

water currents such as backwaters and shallow areas near the stream banks. As the fry grow,
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they disperse upstream and downstream to establish and defend territories. Territorial behavior
limits summer density in streams and subordinate individuals may congregate in pools
(Sandercock, 1991).

Juvenile coho salmon commonly rear in small streams less than five ft. wide and occasionally in
larger ponds and lakes (Pollock, Pess, & Beechie, 2004). Juvenile rearing rarely occurs in
tributaries exceeding gradients of 3% although they may move to streams with gradients of 4 to
5%. Preferred water quality consists of water with low turbidity, DO levels of 4 to 9 mg/l, and
water temperatures ranging from 10° to 15°C (Bell, 1973; McMahon, 1983). Growth is slowed
down considerably at 18°C and ceases at 20°C (Bell, 1973; Stein, Reimers, & Hall, 1972). The
likelihood of juvenile coho salmon occupying habitat that exceed 16.3°C maximum weekly
average temperature declines significantly (Welsh, Hodgson, Roche, & Harvey, 2001).

During spring and summer, the emphasis is on growth and sustained invertebrate forage
production and renewal are necessary. During the growth period, coho salmon fry show low risk
averseness and position themselves in open water when sufficient food is available (Bugert,
Bjornn, & Meehan, 1991; Giannico, 2000; Reinhardt, 1999). The main prey are primarily
drifting aquatic invertebrates produced in interstices of the gravel substrate and in the leaf litter
within pools, and drifting terrestrial insects produced in the riparian canopy (Sandercock, 1991).
Important food organisms include aquatic insects such as chironomid larvae, mayfly, caddisflies,
and stonefly. Coho salmon juveniles also feed opportunistically on non-insects, such as small

fish and salmon eggs, and terrestrial insects.

Studies of stream habitat use show that there are a velocity threshold for rearing fry and
juveniles. Juveniles prefer focal positions that have water velocity less than 20 cm/s (with a
preference of 3 — 6 cm/s) with faster flowing adjacent areas with high food renewal through drift
(Beecher, Caldwell, & DeMond, 2002; Fausch, 1984, 1993; J. Rosenfeld, Porter, & Parkinson,
2000; Shirvell, 1990). High food abundance (i.e., drift) may increase the potential for net energy
gain at higher velocities, allowing fish to move into faster waters where fish experience higher
growth rate despite the greater swimming costs (Giannico & Healey, 1999; J. S. Rosenfeld,
Leiter, Lindner, & Rothman, 2005). High prey availability also reduces territory size and may
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increase a stream’s rearing capacity (Dill & Fraser, 1984; Dill, Ydenberg, & Fraser, 1981,
Mason, 1976). Reduction in food availability reduces growth by subdominants and less for
dominant fish (J. S. Rosenfeld, et al., 2005).

Coho salmon juveniles seek river margins, backwater, and pools during fall and winter; they are
rarely found in mid-stream locations of the stream channel during November and February
(Robert E. Bilby & Bisson, 1987; R. E. Bilby & Bisson, 2001; Fausch & Northcote, 1992;
Tschaplinski & Hartman, 1983). High densities of juvenile coho salmon also occur in log jams
(G. T. Brown, 1985; Tschaplinski & Hartman, 1983). In early fall with the onset of the first
seasonal freshets, a large portion of the juvenile population may also migrate to overwinter in
off-channel habitat such as larger pools, beaver ponds, off-stream side channels and alcoves,
ephemeral swamps, and inundated floodplains (G. T. Brown, 1985; Bustard & Narver, 1975a;
Thomas E. Nickelson, Rodgers, Johnson, & Solazzi, 1992; Peterson, 1982; Tschaplinski &
Hartman, 1983).

During the winter period, juveniles typically reduce feeding activity and growth rates slow down
or stop. In spring, juvenile activity increases. By March of their second spring, the juveniles
feed heavily on insects and crustaceans and grow rapidly before smoltification and outmigration
(Olegario, 2006). Juveniles that overwinter in off-channel habitat, ephemeral streams, and
floodplains often experience higher survival and growth than juveniles that overwinter in
mainstream channels (G. T. Brown, 1985; Olegario, 2006; Quinn & Peterson, 1996; Swales,
Caron, Irvine, & Levings, 1988).

Availability of suitable overwintering habitat has been suggested to determine smolt production
in streams (Bustard & Narver, 1975b; Thomas E. Nickelson, et al., 1992). Adult return or smolt
production is related to the area of wetlands, lakes, and ponds within watersheds (Timothy J.
Beechie, Beamer, & Wasserman, 1994; Pess et al., 2002; Sharma & Hilborn, 2001).

Coho salmon juveniles usually migrate to the ocean as smolts in their second spring. Relative to
species such as chum salmon, Chinook salmon, and steelhead, coho salmon smolts usually spend
a short time in the estuary with little feeding (Magnusson & Hilborn, 2003; Thorpe, 1994).
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Estuarine residence times can average one to three days (B. A. Miller & Sadro, 2003). However,
some coho salmon fry may migrate to and rear in the tidally influenced portions of the stream.

In one Oregon stream, a portion of the coho salmon fry were observed remaining in the upper
estuary to rear after moving into the estuary during their first spring (B. A. Miller & Sadro,
2003).

After entering the ocean, immature coho salmon initially remain in nearshore waters close to the
parent stream. 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.

Status and Trends

Coho salmon depend on the guantity and quality of the freshwater aquatic systems for spawning,
rearing, and on the ocean conditions where they grow to maturity. Coho salmon have declined
from overharvests, hatchery supplementation, native and non-native species, dams, gravel
mining, water diversions, the destruction or degradation of riparian habitat, and land use
practices (logging, agriculture, and urbanization). Climate change also poses significant hazards
to the survival and recovery of salmonids. Hazards from climate change include elevated water

temperature, earlier spring runoff and lower summer flows, and winter flooding.

Lower Columbia River (LCR) Coho Salmon

The 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, Washington, and the Willamette
River to Willamette Falls, Oregon (Figure 22). This ESU also includes 25 artificial propagation
programs (70FR 37160, June 28, 2005).
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Figure 22. LCR coho salmon distribution
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Life History

The majority of the LCR coho salmon are of hatchery origin. Hatchery runs are currently
managed for two distinct runs: early returning (Type S) and late returning (Type N) (O. W.
Johnson, Flagg, Maynard, Milner, & Waknitz, 1991). Type S coho salmon return to fresh water
in mid-August and to the spawning tributaries in early September. Spawning peaks from mid-
October to early November. Type N coho salmon 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.

Analysis of run timing of coho salmon suggests that the Clackamas River population is
composed of one later returning population and one early returning population. The late
returning population is believed to be descended from the native Clackamas River population.
The early returning population is believed to descend from hatchery fish introduced from
Columbia River populations outside the Clackamas River basin (T. P. Good, et al., 2005). The
naturally produced coho salmon return to spawn between December and March (O. W. Johnson,
etal., 1991).

Fry emerge from the redds during a three-week period between early March and late July. The
juveniles rear in fresh water for a year and smolt outmigration occurs from April through June
with a peak in May. Smolts migrate through the Columbia River estuary during dusk and dawn.
During movement they are found in mid-river areas of the estuary. However, during mid-

morning to late afternoon they reside near the shores of the estuary (O. W. Johnson, et al., 1991).

Status and Trends

NMFS listed the LCR coho salmon as threatened on June 28, 2005 (70 FR 37160). The LCR
coho salmon ESU historically consisted of 25 independent populations. The vast majority (over
90%) of these are either extirpated or nearly so (Table 29). Today, only 2 of the 25 populations
have any significant natural production in the Sandy and Clackamas Rivers. In addition, wild
coho salmon have re-appeared in two additional basins (Scappoose and Clatskanie) after a 10-
year period during the 1980s and 1990s when they were largely absent (McElhany, et al., 2007).
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Table 29. Lower Columbia River coho salmon populations, estimated natural spawner
abundances, and hatchery contributions (T. P. Good, et al., 2005; McElhany, et al., 2007).

2002-2004
. . Historical Spawner 1 Hatchery
River/Region Abundance Abundance : Abur_ldar_me
Max/Geometric Contributions
mean
Youngs Bay and Big Creek Unknown ~4,470/200 91%
Grays River Unknown Unknown Unknown
Elochoman River Unknown Unknown Unknown
Clatskanie River Unknown ~550/286 0-80%
Mill, Germany, and Abernathy creeks Unknown Unknown Unknown
Scappoose Rivers Unknown ~850/470 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 ~1,770/1,264 12%
Lower Clackamas River Unknown ~1,180/843 78%
Salmon Creek Unknown Unknown Unknown
Upper Sandy River Unknown ~1,170/720 0%
Lower Sandy River Unknown 271/? 97%
Washougal River Unknown Unknown Unknown
Lower Columbia River gorge tributaries Unknown Unknown Unknown
Big White Salmon river Unknown Unknown Unknown
Upper Columbia River gorge tributaries Unknown 1,317/? >65%
Hood River Unknown ~600/~230 Unknown

Prior to 1900, the Columbia River had an estimated annual run of more than 600,000 adults with
about 400,000 spawning in the lower Columbia River (O. W. Johnson, et al., 1991). By the

1950s, the estimated number of coho salmon returning to the Columbia River had decreased to

25,000 adults or about 5% of historic levels. Massive hatchery releases since 1960 have

increased the Columbia River run size. Between 1980 and 1989, the run varied from 138,000

adults to a historic high of 1,553,000 adults. However, only a small portion of these spawned

naturally, and available information indicates that the naturally produced portion has

continuously declined since the 1950s. The current number of naturally spawning fish during

October and late November ranges from 3,000 to 5,500 fish. The majority of these are of

177




hatchery origin. The 1996 to 1999 geometric mean for the late run in the Clackamas River, the

only-run which is considered consisting mainly of native coho salmon, was 35 fish.

Both the long- and short-term trend, and lambda for the natural origin (late-run) portion of the
Clackamas River coho salmon are negative but with large confidence intervals (T. P. Good, et
al., 2005). The short-term trend for the Sandy River population is close to 1, indicating a
relatively stable population during the years 1990 to 2002 (T. P. Good, et al., 2005). The long-
term trend (1977 to 2002) for this same population shows that the population has been
decreasing (trend=0.54); there is a 43% probability that the median population growth rate

(lambda) was less than one.

Hatchery-origin spawners dominate the majority of populations. However, both the upper
Clackamas River and the upper Sandy River spawner populations range from zero to very few
hatchery origin spawneres. Recent reviews by the W/LCRTRT placed most populations in the
high to moderate risk category from eroded diversity (McElhany et al., 2004; McElhany et al.,
2006).

Critical Habitat

NMFS has not designated critical habitat for Lower Columbia River coho salmon.
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Oregon Coast Coho Salmon

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 23). One hatchery stock, the Cow Creek (ODFW stock # 37)
hatchery coho, is included in the ESU. This artificially propagated population is no more
divergent relative to the local natural populations than would be expected between closely

related populations within this ESU.

Life History

The OC coho salmon exhibit the general three year life cycle as described above. Two- year old
males commonly occur in some streams and on average make up 20% of spawning males.
However, the proportion of two-year old males is highly variable between years and river

systems.

There is some variation in run timing between Oregon watersheds but adults generally start to
migrate into rivers at the first fall freshet, usually in late October or early November. A delay in
rain can delay river entry considerably. Once in the stream, some coho may spend up to two
months in fresh water before spawning. Spawning usually occurs from November through
January and may continue into February. Juveniles emerge from the gravel in spring and
typically spend a summer and winter in fresh water before migrating to the ocean as smolts,
usually in April or May, in their second spring. However, the timing varies between years,
among river systems, and based on small-scale habitat variability (Lawson et al., 2007). Coastal
coho salmon spend little time in estuarine environments during outmigration. Once in coastal
waters, the OC coho salmon eventually move northward. By late summer, juveniles are
observed distributed off the mouth of Columbia River and the Washington Coast. In fall and
winter juvenile coho salmon continue to move northward and have been caught off the coast of
Alaska (Lawson, et al., 2007). Southward movement starts in winter or early spring with adults

starting to home to natal streams by August.
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Oregon Coast Coho ESU
Sub-Basin Range and Distribution
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Figure 23. Oregon Coast Coho salmon distribution
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Status and Trends

NMFS listed the OC coho salmon as a threatened species on February 11, 2008 (73 FR 7816).
Lawson et al. (Lawson, et al., 2007) considered the ESU to have historically consisted of 13
functionally independent populations and 8 potentially dependent populations. Current coho
salmon coastal distribution has not changed markedly compared to historical distribution
(Lawson, et al., 2007). However, river alterations and habitat destruction have significantly

modified use and distribution within several river basins.

The OC coho salmon historical escapement in the 10 larger basins has been estimated to about
2.4 to 2.9 million spawners (from Table C-1 in (Lawson, et al., 2007)). Recent ESU abundances
have decreased drastically since then. The estimated median spawning population during the
years 1990 to 1999 was 43,183 (min. 21,279, max. 74,021) coho salmon spawners in the ESU
(ODFW, 2009). After 1999, total ESU abundance increased. A median of 165,324 native OC

coho salmon spawners was estimated for the

Table 30. Oregon Coast Coho salmon potential historic and estimated recent spawner
abundances, and hatchery contributions (T. P. Good, et al., 2005; Lawson, et al., 2007)

. Population Historic RESE Hatchery Abundance
Basin . . Spawner S
historic status Abundance Contributions
Abundance
Necanicum P-| 68,500 1,889 35-40%
Nehalem F-1 333,000 18,741 40-75%
Tillamook F-1 329,000 3,949 30-35%
Nestucca F-1 104,000 3,846 ~5%
Siletz F-1 122,000 2,295 ~50%
Yaquina F-1 122,000 3,665 ~25%
Alsea F-1 163,000 3,621 ~40%
Siuslaw F-1 267,000 16,213 ~40%
Umpgqua F-I* 820,000 24,351 <10%
Siltcoos and
Tahhenitch P-I 100,000 15,967** 0%
Tenmile P-| 53,000 3,251** 0%
Coos F-1 206,000 20,136 <5%
Coquille F-I 417,000 8,847 <5%
Total 924,000 107,553

*The Umpqua Rive basin is believed to have supported four functionally independent populations.
** Abundance in 2002, ODFW data http://oregonstate.edu/dept/ODFW/spawn/data.htm
F-1 = Functionally Independent, P-I = Potentially Independent.
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period 2000 through 2008 with a range from a low of 66,169 to a high of 260,000 naturally
produced spawners. Table 30 identifies independent populations within the OC coho salmon

ESU, historic and recent abundances, and hatchery input.

The abundance and productivity of OC coho salmon since the 1997 status review represented
some of the best and worst years on record (T. P. Good, et al., 2005). Yearly adult returns for this
ESU were in excess of 160,000 natural spawners in 2001 and 2002. However, these encouraging
increases in spawner abundance in 2000-2002 were preceded 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. At the time of the 2005 status report,
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 (T. P. Good, et al., 2005). The
encouraging 2000-2002 increases in natural spawner abundance were primarily observed in
populations in the northern portion of the ESU (T. P. Good, et al., 2005). Although encouraged
by the increase in spawner abundance in 2000-2002, the long-term trends in ESU productivity
remained negative due to the low abundances observed during the 1990s (T. P. Good, et al.,
2005).

Recent data indicate that the total abundance of natural spawners in the OC coho salmon ESU
again steadily decreased until 2007 with an estimated spawner abundance of 66,169 fish or
approximately 25% of the 2002 peak abundance (260,555 spawners) (ODFW, 2009). Thus,
recruitment failed during the five years from 2002 through 2007 but abundance increased again
in 2008 to 165,324 spawners. There is no apparent weak brood year for the ESU (ODFW,
2009).

Critical Habitat

NMFS designated critical habitat for Oregon Coast coho salmon on February 11, 2008 (73 FR
7816). The designation includes 72 of 80 watersheds and total about 6,600 stream miles
including all or portions of the Nehalem, Nestucca/Trask, Yaquina, Alsea, Umpqgua, and

Coquille basins.
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There are 80 watersheds within the range of this ESU. Eight watersheds received a low
conservation value rating, 27 received a medium rating, and 45 received a high rating to the ESU
(Table 31, and Figure 24).

Table 31. OC coho salmon watersheds with conservation values

HUC 5 Watershed conservation Value (CV)
HUC 4 Subbasin N ~TErl N 1
High CV PCE(s) cv PCE(s) Low CV | PCE(s)
Necanicum 0 1 (1, 2) 0
Nehalem 5 (1, 2) 0 1 (2, 1)
Wilson/Trask/Nestucca 7 (1, 2) 2 (1, 2) 0
Siletz/Yaquina 3 (1, 2) 5 (1,2 0
(1,
Alsea 4 (1, 2) 3 (1,2 1 2=1 5mi)
Siuslaw 6 (1, 2, <3) 2 (1,2 0
Siltcoos 1 (2,1) 0 0
North Umpqua 1 (1, <2) 3 (1, 3, <2) 3 (1)
1, <2,
South Umpgua 3 <<3) 8 (1, 2,3) 1 (1)
Umpqua 6 (1, 3,2) 1 (1, 3) 1 (1,2,3)
Coos 4 (1, 2, <3) 0 0
Coquille 4 (1,2, 3) 1 (1,2) 1 (1, 2)
Sixes 1 (1, 20 1 1, 2)
Total 45 27 8

1 Numbers in parenthesis refers to the dominant (in river miles) PCE(s) within the HUC 5 watersheds.
PCE 1 is spawning and rearing, 2 is rearing and migration, and 3 is migration and presence. PCEs with <
means that the number of river miles of the PCE is much less than river miles of the other PCE.

The spawning PCE has been impacted in many watersheds from the inclusion of fine sediment
into spawning gravel from timber harvest and forestry related activities, agriculture, and grazing.
These activities have also diminished the channels’ rearing and overwintering capacity by
reducing the amount of large woody debris in stream channels, removing riparian vegetation,
disconnecting floodplains from stream channels, and changing the quantity and dynamics of
stream flows. The rearing PCE has been degraded by elevated water temperatures in 29 of the
80 HUC 5 watersheds; rearing PCE within the Nehalem, North Umpqua, and the inland
watersheds of the Umpqua subbasins have elevated stream temperatures. Water quality is
impacted by contaminants from agriculture and urban areas in low lying areas in the Umpqua

subbasins, and in coastal watersheds within the Siletz/Yaquina, Siltcoos, and Coos subbasins.
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Reductions in water quality have been observed in 12 watersheds due to contaminants and
excessive nutrition. The migration PCE has been impacted throughout the ESU by culverts and
road crossings that restrict passage. As described above the PCEs vary widely throughout the
critical habitat area designated for OC coho salmon, with many watersheds heavily impacted
with low quality PCEs while habitat in other coho salmon bearing watersheds having sufficient

quality for supporting the conservation purpose of designated critical habitat.
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Figure 24. Oregon Coast Coho salmon conservation values per sub-area
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Southern Oregon/Northern California Coast Coho Salmon

The Southern Oregon/Northern California Coast (SONCC) coho salmon ESU 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 25). This
ESU also includes three artificial propagation programs. These artificially propagated
populations are no more divergent relative to the local natural populations than would be

expected between closely related populations within this ESU.

Life History

In Oregon, the SONCC coho salmon enter rivers in September or October. River entry is 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-December 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 compared to
populations farther north. Juveniles emerge from the gravel in spring, and typically spend a
summer and winter in fresh water before migrating to the ocean as smolts in their second spring.

Coho salmon adults spawn at age three, spending about a year and a half in the ocean.
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Southern Oregon Northern California Coho ESU
Sub-Basin Range and Distribution
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Figure 25. SONCC coho salmon distribution
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Status and Trends

NMFS listed SONCC coho salmon as threatened on May 7, 1997 (62 FR 24588), and reaffirmed
their threatened status on June 28, 2005 (70 FR 37160). The ESU consists of three major basins:
the Rough (OR), Klamath (OR/CA), and the Eel (CA) Rivers. Three historically independent
interior populations have been identified for the Rough River basin, eight for the Klamath River
basin, and six in the Eel River basin (Williams et al., 2006). In addition, eight coastal basins
within the ESU likely supported functionally independent populations under historical
conditions, six basins likely supported potentially independent populations, and 13 supported
dependent populations. Presence-absence data indicate a disproportionate loss of southern
populations compared to the northern portion of the ESU.

Data on population abundance and trends are limited for this ESU. Historical point estimates of
coho salmon abundance for the early 1960s and mid-1980s suggest that California 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. (L. R. Brown, et al., 1994), estimated that about 7,000 wild and naturalized coho
salmon were produced in the California portion of this ESU. Further, presence-absence surveys
indicate that the SONCC coho salmon have declined in California compared to past abundances
(T. P. Good, et al., 2005). Data from surveys in Oregon contrast the California portion of the
ESU in that fish presence has been steadily increasing from 1998 through 2007 (Bennet, 2005; T.
P. Good, et al., 2005; Jepsen & Leader, 2008).

There is no consistent monitoring of any SONCC coho salmon populations. Trend and median
population growth for single populations have therefore not been calculated. Information on
abundance and production from California streams is limited. However, presence-absence data
show that distributions within watersheds have remained suppressed compared to the historic
distribution. Some hatchery releases has occurred but there is not enough information to

evaluate the impacts of hatchery on fish diversity.
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Critical Habitat

NMFS designated critical habitat for the SONCC coho salmon on May 5, 1999 (64 FR 24049).
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 occupied by any life stage of coho salmon. Watersheds within the ESU

have not been evaluated for their conservation value.

Critical habitat designated for the SONCC coho salmon is generally of good quality in northern
coastal streams. Spawning PCE has been degraded throughout the ESU by logging activities that
has increased fines in spawning gravel. Rearing PCE has been considerably degraded in many
inland watersheds from the loss of riparian vegetation resulting in unsuitably high water
temperatures. Rearing and juvenile migration PCEs have been reduced from the disconnection
of floodplains and off-channel habitat in low gradient reaches of streams, consequently reducing

winter rearing capacity.
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Central California Coast Coho Salmon

The Central California Coast (CCC) coho salmon 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 (Figure 26)

The ESU also includes four artificial propagation programs. These artificially propagated
populations are no more divergent relative to the local natural populations than would be

expected between closely related populations within this ESU.

Life History

In general, coho salmon within California exhibit a three-year life cycle. However, two-year old
males commonly occur in some streams. Both run and spawn timing of coho salmon in this
region are late (both peaking in January) relative to northern populations, with little time spent in
fresh water between river entry and spawning. Spawning runs coincide with the brief peaks of
river flow during the fall and winter. Most CCC coho salmon juveniles undergo smoltification
and start their seaward migration one year after emergence from the redd. Juveniles spending
two winters in fresh water have, however, been observed in at least one coastal stream within the
range of the ESU (Bjorkstedt, et al., 2005). Smolt outmigration generally peaks in April and
May (Shapovalov & Taft, 1954; Weitkamp et al., 1995).
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Central California Coastal Coho
Sub-Basin Range and Distribution
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Figure 26. CCC Coho salmon distribution
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Status and Trends

NMES originally listed the CCC coho salmon as threatened on October 31, 1996 (61 FR 56138),
and reclassified their status to endangered on June 28, 2005 (70 FR 37160). The ESU consisted
historically of 11 functionally independent populations and a larger number of dependent
populations (Brian C. Spence, et al., 2008). ESU spatial structure has been substantially
modified due to lack of viable source populations and loss of dependent populations. One of the
two historically independent populations in the Santa Cruz mountains (i.e., South of the Golden
Gate Bridge) is extirpated (T. P. Good, et al., 2005; Brian C. Spence, et al., 2008). Coho salmon
are considered effectively extirpated from the San Francisco Bay (NMFS, 2001; Brian C.
Spence, et al., 2008). The Russian River population, once the largest and most dominant source
population in the ESU, is now at high risk of extinction because of low abundance and failed
productivity (Brian C. Spence, et al., 2008). The Lost Coast to Navarro Point to the north
contains the majority of coho salmon remaining in the ESU.

Limited information exists on abundance of coho salmon within the CCC coho salmon ESU.
About 200,000 to 500,000 coho salmon were produced statewide in the 1940s (T. P. Good, et al.,
2005). This escapement declined to about 99,000 by the 1960s with approximately 56,000
(56%) originating from streams within the CCC coho salmon ESU. The estimated number of
coho salmon produced within the ESU in the late 1980s had further declined to 6,160 (46% of
the estimated statewide production) (T. P. Good, et al., 2005).

Information on the abundance and productivity trends for the naturally spawning component in
individual rivers of the CCC coho salmon ESU is extremely limited (T. P. Good, et al., 2005;
Brian C. Spence, et al., 2008). There are no long-term time series of spawner abundance for
individual river systems. Returns increased in 2001 in streams within the northern portion of the
ESU (T. P. Good, et al., 2005). However, recent CCC coho salmon returns (2006/07 and
2007/08) have been discouragingly low (McFarlane, Hayes, & Wells, 2008). About 500 fish
have returned in 2010 across the entire range. This is the third straight year of abysmal returns
for CCC coho salmon. This year’s low return suggests that all three year classes are faring

poorly across the species’ range.
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Table 32. Central California Coast Coho salmon populations, abundances, and releases of
hatchery raised smolt (Bjorkstedt, et al., 2005; T. P. Good, et al., 2005)

. . Historical 1987-1991 Hatchery Abundance
River/Region Escapement Lo
Escapement (1963) Contributions*
Abundance
Ten Mile River 6,000 160 892 — 796,561
Noyo River 6,000 3,740 940,970 — 242,808
Big River 6,000 280 9,988 — 191,310
Navarro River 7,000 300 20,020 — 143,812
Garcia River 2,000 500 (1984-1985) 183,153
Other MenQacmo County 10,000 470 Unknown
rivers
Gualala River 4,000 200 10,005 — 135,050
Russian River 5,000 255 7,998 — 415,730
Other Sonoma County rivers 1,000 180 Unknown
Marin County 5,000 435 5,760 — 305,421 **
San Mateo County 1,000 Unknown Unknown
San Francisco Bay Unknown Extirpated NA
Santa Cruz County 1,500 50 (1984-1985) Unknown
San Lorenzo River 1,600 Unknown 17,160 — 145,960
Total 200,000-500,000 6,570 (min)

*Most coho salmon hatchery contributions have been infrequent and the numbers indicate the range of
documented releases. All hatchery data are from Bjorkstedt et al. (2005).

**|agunitas and Walker Creeks

The best data available for the CCC coho salmon are presence-absence surveys and they are used
as a proxy for abundance changes (Table 32). At the time of the 1996 listing, coho salmon
occurred in about 47% of the streams (62) and were considered extirpated from 53% (71) of the
streams that historically harbored coho salmon within the ESU (L. R. Brown, et al., 1994). Later
reviews have concluded that the number of occupied streams relative to historic has not changed
and may actually have declined (T. P. Good, et al., 2005; NMFS, 2001).

Hatchery raised smolt have been released infrequently but occasionally in large numbers in
rivers throughout the ESU (Bjorkstedt, et al., 2005). Releases have included transfer of stocks
within California and between California and other Pacific states as well as smolt raised from
eggs collected from native stocks. However, genetic studies show little homogenization of
populations, i.e., transfer of stocks between basins have had little effect on the geographic
genetic structure of CCC coho salmon (Sonoma County Water Agency (SCWA), 2002). The

CCC coho salmon likely has considerable diversity in local adaptations given that the ESU spans
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a large latitudinal diversity in geology and ecoregions, and include both coastal and inland river

basins.

Critical Habitat

Critical habitat for the CCC coho salmon ESU was designated on May 5, 1999 (64 FR 24049). It
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. Individual watersheds within the ESU have not been evaluated for their

conservation value.

NMFS (2008a) evaluated the condition of each habitat attribute in terms of its current condition
relative to its role and function in the conservation of the species. The assessment of habitat for
this species showed a distinct trend of increasing degradation in quality and quantity of all PCEs
as the habitat progresses south through the species range, with the area from the Lost Coast to the
Navarro Point supporting most of the more favorable habitats and the Santa Cruz Mountains
supporting the least. However, all populations are generally degraded regarding spawning and
incubation substrate, and juvenile rearing habitat. Elevated water temperatures occur in many

streams across the entire ESU.
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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 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.

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 eggs per
female to 5,000 eggs, depending upon the population and age of the female.

The vast majority of sockeye salmon spawn in outlet streams of lakes or in the lakes themselves.
In lakes, the species commonly spawn along “beaches” where underground seepage creates
upwelling that provides eggs and alevins with fresh oxygenated water. Incubation is a function
of water temperature, but generally lasts between 100 and roughly 200 days (Burgner, 1991).
Sockeye salmon fry primarily use lakes as rearing areas with river emerged fry migrating into
lakes to rear. Fry emerging in streams emptying into lakes usually move rapidly with the water
flow downstream into lakes. Fry emerging from lake-outlet spawning areas migrate upstream
into lakes. In these cases, fry hold for a period in the stream and may feed actively before
moving upstream into the lake. During upstream migration, they move along the low velocity
stream margin. Fry emerging from lakeshore or island spawning grounds distribute along the
shoreline of the lake or move offshore into deep water (Burgner, 1991). The juvenile sockeye

salmon rear in lakes from one to three years after emergence.

Some sockeye spawn in rivers without lake habitat for juvenile rearing. Offspring of these
riverine spawners use the lower velocity sections of rivers as juvenile rearing environment for

one to two years. Alternatively, juveniles may also migrate to sea in their first year.
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Certain populations of O. nerka become resident in the lake environment 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.

During freshwater rearing, sockeye salmon feeding behavior change as the juvenile transit
through stages from emergence to the time of smoltification. As the alevins emerge from gravel,
they feed little and depend mostly on the yolk sack, if it is still present, for growth (Burgner,
1991). It is therefore critical for the small fry to start feeding as the yolk sack reserves are being
depleted; a high mortality is observed when fishes are starved for more than two weeks after yolk
absorption (Bilton & Robins, 1973). In the earlier fry stage from spring to early summer,
juveniles forage exclusively in the warmer littoral (i.e., shoreline) zone where they depend
mostly on dipteran insects (mostly chironomidae larvae and pupae) and on cyclopoid copepods
and cladocerans. In summer, underyearling sockeye salmon transit from the littoral habitat to a
pelagic existence where they feed on larger zooplankton. However, diptera, especially
chironomids, can contribute substantially in caloric value. Older and larger fish may also prey
on fish larvae. Distribution in lakes and prey preference is, however, a dynamic process that
changes diurnally and annually, with water temperature, with the presence and abundance of
particular prey species, presence of predators and competitors, and the size of the sockeye

salmon juveniles.

Upon smoltification, anadromous sockeye migrate to the ocean. Peak emigration to the ocean
occurs in mid-April to early May in southern sockeye populations (<52°N latitude) and as late as
early July in northern populations (62°N latitude) (Burgner, 1991). River-type sockeye
populations make little use of estuaries during their emigration to the marine environment. Upon
entering marine waters, sockeye may reside in the nearshore or coastal environment for several
months but are typically distributed offshore by fall (Burgner, 1991). Adult sockeye salmon

return to their natal lakes to spawn after spending one to four years at sea.
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Status and Trends

Sockeye salmon depend on the quantity and quality of aquatic systems. Sockeye salmon, like
the other salmon NMFS has listed, have declined from overharvests, hatcheries, native and non-
native exotic species; dams, gravel mining, water diversions, destruction or degradation of
riparian habitat, and land use practices (logging, agriculture, and urbanization). Climate change
also poses significant hazards to the survival and recovery of salmonids. Hazards from climate
change include elevated water temperature, earlier spring runoff and lower summer flows, and

winter flooding.

Ozette Lake Sockeye Salmon

Distribution

This ESU includes sockeye salmon that migrate into and rear in the Ozette Lake near the
northwest tip of the Olympic Peninsula in Olympic National Park, Washington (Figure 27). The
Ozette Lake sockeye salmon ESU includes all naturally spawned anadromous populations of
sockeye salmon in Ozette Lake, Ozette River, Coal Creek, and other tributaries flowing into
Ozette Lake. Composed of only one population, the Ozette Lake sockeye salmon ESU consists
of five spawning aggregations or subpopulations which are grouped according to their spawning
locations. The five spawning locations are Umbrella and Crooked creeks, Big Rive, and Olsen’s
and Allen’s beaches (Rawson et al., 2009). Two artificial populations are also considered part of
this ESU. These artificially propagated populations are no more divergent relative to the local
natural population than would be expected between closely related natural populations (70 FR
37160, June 28, 2005).

Sockeye salmon stock reared at the Makah Tribe’s Umbrella Creek Hatchery were included in
the ESU, but were not considered essential for recovery of the ESU. However, once the hatchery

fish return and spawn in the wild, their progeny are considered as listed under the ESA.

Life History

Adult Ozette Lake sockeye salmon enter Ozette Lake through the Ozette River from April to

early August. Of these, about 99% are four-year old adults. Adults remain in the lake for an
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extended period before spawning from late October through February. Sockeye salmon spawn
primarily in lakeshore upwelling areas in Ozette Lake. Minor spawning may occur below Ozette
Lake in the Ozette River or in Coal Creek, a tributary of the Ozette River. Native sockeye
salmon do not presently spawn in tributary streams to Ozette Lake but they may have spawned
there historically. However, a hatchery program has initiated tributary-spawning by hatchery
fish in Umbrella Creek and Big River (T. P. Good, et al., 2005).
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Egg incubation occurs from October through May. Emergence and dispersal in the lake occurs
from late-February through May. Fry disperse to the limnetic zone in Ozette Lake, where the
fish rear. Tributary fry also migrate to the lake soon after emergence. In their second spring
after one year of rearing, Ozette Lake sockeye salmon emigrate seaward as age 1+ smolts. The
lake is highly productive and water fleas dominate the diet. Sockeye salmon smolts produced in
Ozette Lake are documented as the third largest, averaging 4 ¥ to 5 inches in length, among west
coast sockeye populations examined for average smolt size. The majority of Ozette Lake
sockeye salmon return to spawn after two years in the ocean (NMFS, 2008f). Ozette Lake also
supports a population of kokanee which is not listed under the ESA. There is a large genetic

difference between the anadromous and the resident O. nerka populations (Crewson et al., 2001).

Status and Trends

NMFS originally listed the Ozette Lake sockeye salmon as a threatened species in 1999 (64 FR
14528), and reaffirmed their threatened status on June 28, 2005 (70 FR 37160).

The Ozette Lake sockeye salmon ESU is composed of one historical population, with substantial
substructuring of individuals into multiple spawning aggregations. Historically at least four
beaches in the lake were used for spawning but only two beach spawning locations — Allen’s and

Olsen’s beaches — remain today.

The historical abundance of Ozette Lake sockeye salmon is poorly documented, but may have
been as high as 50,000 individuals (Blum, 1988). Kemmerich (Kemmerich, 1945), reported a
decline in the run size since the 1920s weir counts and Makah Fisheries Management (Makah
Fisheries Management, 2000) concluded a substantial decline in the Tribal catch of Ozette Lake
sockeye salmon occurred at the beginning of the 1950s. Whether decrease in abundance
compared to historic estimates is a result of fewer spawning aggregations, lower abundances at

each aggregation, or both, is unknown (T. P. Good, et al., 2005).

The most recent (1996-2006) escapement estimates (run size minus broodstock take) range from
a low of 1,404 in 1997 to a high of 6,461 in 2004, with a median of approximately 3,800

sockeye per year (geometric mean: 3,353) (Rawson, et al., 2009). No statistical estimation of
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trends is reported. However, comparing four year averages (to include four brood years in the
average since the species primarily spawn as four-year olds) shows an increase during the period
2000 to 2006: For return years 1996 to 1999 the run size averaged 2,460 sockeye salmon, for the
years 2000 to 2003 the run size averaged just over 4,420 fish, and for the years 2004 to 2006, the
three-year average abundance estimate was 4,167 sockeye (Data from appendix A in (Rawson, et
al., 2009)). It is estimated that between 35,500 and 121,000 spawners could be normally carried
after full recovery (Hard, Jones, Delarm, & Waples, 1992).

The supplemental hatchery program began with out-of-basin stocks and make up an average of
10% of the run. The proportion of beach spawners originating from the hatchery is unknown but
it is likely that straying is low. Hatchery originated fish is therefore not believed to have had a
major effect on the genetics of the naturally spawned population. However, Ozette Lake sockeye
has a relatively low allelic diversity at microsatellite DNA loci compared to other O. nerka
populations examined in Washington State (Crewson, et al., 2001). Genetic differences occur
between age cohorts. As different age groups do not spawn with each other, the population may
be more vulnerable to significant reductions in population structure due to catastrophic events or
unfavorable conditions affecting one year class. Based on this, the Puget Sound TRT’s diversity
viability criterion is one or more persistent spawning aggregation(s) with each major genetic and
life history group being present within the aggregation (Rawson, et al., 2009). Currently this is
not the case; both spawning aggregations are at risk from losing year classes.

Critical Habitat

NMFS designated critical habitat for Ozette Lake sockeye salmon on September 2, 2005 (70 FR
52630). It encompasses areas within the Hoh/Quillayute subbasin, Ozette Lake, and the Ozette
Lake watershed. The entire occupied habitat for this ESU is within the single watershed for
Ozette Lake. This watershed was given a high conservation value rating. Spawning and rearing
PCEs are found in the lake and in portions of three lake tributaries. Ozette River also provides
rearing and migration PCEs. The river mouth provides estuarine habitat.

Spawning habitat has been affected by loss of tributary spawning areas and exposure of much of

the available beach spawning habitat due to low water levels in summer. Further, native and

201



non-native vegetation as well as sediment have reduced the quantity and suitability of beaches
for spawning. The rearing PCE is degraded by excessive predation and competition with
introduced non-native species, and by loss of tributary rearing habitat. Migration habitat may be
adversely affected by high water temperatures and low water flows in summer which causes a

thermal block to migration (La Riviere, 1991).
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Snake River Sockeye Salmon

The Snake River (SR) sockeye salmon ESU includes all anadromous and residual sockeye from
the Snake River basin, Idaho, as well as artificially propagated sockeye salmon from the Redfish
Lake Captive Broodstock Program (70 FR 37160, June 28, 2005). The Redfish Lake is located
in the Salmon River basin, a subbasin within the larger Snake River basin (Figure 28).

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 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.

A resident form of O. nerka (kokanee), also occur in the Redfish Lake. The residuals are non-
anadromous; they complete their entire life cycle in fresh water. However, studies have shown
that some ocean migrating juveniles are progeny of resident females (Rieman, Myers, & Nielsen,
1994). The residents also spawn at the same time and in the same location as anadromous

sockeye salmon.
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Snake River Sockeye ESU
Sub-Basin Range and Distribution
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Historically, sockeye salmon entered the Columbia River system in June and July, and arrived at
Redfish Lake between August and September (NMFS, 2008d). Spawning occurred in lakeshore
gravel and generally peaked in October. Fry emerged in the spring (generally April and May)
then migrated to open waters of the lake to feed. Juvenile sockeye remained in the lake for one
to three years before migrating through the Snake and Columbia Rivers to the ocean. While pre-
dam reports indicate that sockeye salmon smolts migrate in May and June, PIT tagged sockeye
smolts from Redfish Lake pass Lower Granite Dam from mid-May to mid-July. Adult
anadromous sockeye spent two or three years in the open ocean before returning to Redfish Lake

to spawn.

Status and Trends

NMFS originally listed SR sockeye salmon as endangered in 1991, and reaffirmed their
endangered status on June 28, 2005 (70 FR 37160). Subsequent to the 1991 listing, the residual
form of sockeye residing in Redfish Lake was identified. In 1993, NMFS determined that
residual sockeye salmon in Redfish Lake was part of the SR sockeye salmon ESU.

The only extant sockeye salmon population in the Snake River basin at the time of listing
occurred in Redfish Lake, in the Stanley Basin (upper Salmon River drainage) of Idaho. Other
lakes in the Salmon River basin that historically supported sockeye salmon include Alturas Lake
above Redfish Lake which was extirpated in the early 1900s as a result of irrigation diversions,
although residual sockeye may still exist in the lake (D. Chapman & 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 (D. Chapman & Witty, 1993). Other historic sockeye
salmon populations within the Snake River basin include Wallowa Lake (Grande Ronde River
drainage, Oregon), Payette Lake (Payette River drainage, Idaho), and Warm Lake (South Fork
Salmon River drainage, Idaho) (Gustafson et al., 1997). These populations are now considered

extinct.

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
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abundance of residual sockeye salmon in Redfish Lake is unknown. This species is currently

entirely supported by adults produced through the captive propagation program.

Adult returns to Redfish Lake during the period 1954 through 1966 ranged from 11 to 4,361 fish
(T. Bjornn, Craddock, & Corley, 1968). In 1985, 1986, and 1987, 11, 29, and 16 sockeye,
respectively, were counted at the Redfish Lake weir (T. P. Good, 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 adults that had migrated to the ocean returned to the Stanley
Basin. Recent years have seen an increase in returns to over 600 in 2008 and more than 700
returning adults in 2009. Current smolt-to-adult survival of sockeye originating from the Stanley
Basin lakes is rarely greater than 0.3% (Hebdon, Kline, Taki, & Flagg, 2004).

Critical Habitat

NMFS designated critical habitat for SR sockeye salmon on December 28, 1993 (58 FR 68543).
Designated habitat encompass 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
Snake River salmon (except reaches above impassable natural falls, and Dworshak and Hells
Canyon Dams). SR sockeye 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 Snake
River, and all Snake River 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.

Conservation values of individual watersheds have not been reported (58 FR 68543). However,
all areas occupied and used for migration by the SR sockeye salmon should be considered of
high conservation value as the species’ distribution is limited to a single lake within the Snake

River basin.

206



The quality and quantity of rearing and juvenile migration PCEs have been reduced from
activities such as tilling, water withdrawals, timber harvest, grazing, mining, and alteration of
floodplains and riparian vegetation. These activities disrupt access to foraging areas, increase
the amount of fines in the steam substrate that support production of aquatic insects, and reduce
instream cover. Adult and juvenile migration PCE is affected by four dams in the Snake River

basin that obstructs migration and increases mortality of downstream migrating juveniles.

Water quality impairments in the designated critical habitat of the SR sockeye salmon include
inputs from fertilizers, insecticides, fungicides, herbicides, surfactants, heavy metals, acids,
petroleum products, animal and human sewage, dust suppressants (e.g., magnesium chloride),
radionuclides, sediment in the form of turbidity, and other anthropogenic pollutants. Pollutants
enter the surface waters and riverine sediments from the headwaters of the Salmon River to the
Columbia River estuary as contaminated stormwater runoff, aerial drift and deposition, and via
point source discharges. Some contaminants such as mercury and pentachlorophenol enter the
aquatic food web after reaching water and may be concentrated or even biomagnified in the
salmon tissue. Sockeye salmon require migration corridors with adequate passage conditions
(water quality and quantity available at specific times) to allow access to the various habitats
required to complete their life cycle. Multiple exposures to contaminants occur to all life stages

throughout the entire range of the SR sockeye salmon.
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Steelhead

Description of the Species

Steelhead are native to Pacific Coast streams extending from Alaska south to northwestern
Mexico. We discuss the distribution, life history, status, and critical habitat of the 11 endangered

and threatened steelhead species separately.

Steelhead have a protracted run time relative to Pacific salmon and do not tend to travel in large
schools. Nevertheless, 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 summer
steelhead enters fresh water in a sexually immature condition between May and October (Busby
etal., 1996; T.E. Nickelson et al., 1992). They then hold in cool, deep holding pools during
summer and fall before moving to spawning sites as mature adults in January and February
(Barnhart, 1986; T.E. Nickelson, et al., 1992). Summer steelhead most commonly occur in
streams where snowmelt contributes substantially to the annual hydrograph. The winter
steelhead enters fresh water between November and April with well-developed gonads and
spawns shortly after river entry (Bushy, et al., 1996; T.E. Nickelson, et al., 1992). Variations in
migration timing exist between populations. Some adults enter coastal streams in the spring, just
before spawning (Meehan & Bjornn, 1991).

Steelhead typically spawn in small tributaries rather than large, mainstem rivers; spawning
distribution often overlap with coho salmon. However, steelhead tend to prefer higher gradients
(generally 2-7%, sometimes up to 12% or more) and their distribution tend to extend farther
upstream than for coho salmon. Summer steelhead commonly spawn higher in a watershed than
do winter steelhead, sometimes even using ephemeral streams from which juveniles are forced to

emigrate as flows diminish.

Unlike Pacific salmon, steelhead are iteroparous, or capable of spawning more than once before

death (Busby, et al., 1996). Mostly females spawn more than once but rarely more than twice
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before dying (T.E. Nickelson, et al., 1992). Iteroparity is more common among southern

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

Juveniles rear in fresh water from one to four years, then smolt and migrate to the ocean in
March and April (Barnhart, 1986). After two to three weeks, in late spring, and following yolk
sac absorption, alevins emerge from the gravel and begin actively feeding. The fry usually
inhabit shallow water along banks and stream margins of streams (T.E. Nickelson, et al., 1992).
As they grow, steelhead juveniles commonly occupy faster flowing water such as riffles. Older
and larger juveniles are more risk averse; they stay in deeper water and keep close to cover
(Peter A. Bisson, Nielsen, Palmson, & Grove, 1982; Peter A. Bisson, Sullivan, & Nielsen, 1988).
Some older juveniles move downstream to rear in larger tributaries and mainstem rivers (T.E.
Nickelson, et al., 1992).

Steelhead juveniles are highly territorial, dominance is based on initial size, and high densities
result in increased migration. Juvenile steelhead that have established territories migrate little
during their first summer (Peter A. Bisson, et al., 1988). Steelhead fry and parr hold close to the
substratum where flows are lower and sometimes counter to the main stream. Here, steelhead
foray up into surface currents for drifting food or prey at invertebrates on the stream bottom
(Peter A. Bisson, et al., 1988; Kalleberg, 1958). Older steelhead commonly uses deeper pools
(Peter A. Bisson, et al., 1982; Peter A. Bisson, et al., 1988).

Juvenile steelhead are opportunistic and feed on a wide variety of aquatic and terrestrial insects
(D. W. Chapman & Bjornn, 1969). Prey species varies with season and availability; they utilize
higher prey diversity than sympatric coho salmon (Pert, 1987). Prey includes common aquatic
stream insects such as caddisflies, mayflies, and stoneflies but also other insects (especially
chironomid pupae), zooplankton, and benthic organisms (Merz, 2002; Pert, 1987). Older
juveniles sometimes prey on emerging fry, other fish larvae, crayfish, and even small mammals

but these are not a major food source (Merz, 2002).

All listed salmonids use shallow, low flow habitats at some point in their life cycle. However,
steelhead juveniles use such habitat less than coho salmon and prefer faster flowing stream
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sections. During winter and spring, juveniles often seek protection under rocks and boulders to
escape high flows. Contrary to coho salmon, steelhead seem to avoid overwintering in channels
that have organic matter or “muck” as bottom substrate. They may move into inundated

floodplains to forage during the high flow season.

In Oregon and California, steelhead may enter estuaries where sand bars close off the estuary,
thereby creating low salinity lagoons. The migration of juvenile steelhead to lagoons occurs
throughout the year, but is concentrated in the late spring/early summer and in the late fall/early
winter period (Shapovalov & Taft, 1954; Zedonis, 1992). In southern California, two discrete
groups of juvenile steelhead use different habitat provided by lagoons: steelhead juveniles that
use the upper and fresher areas of coastal lagoons for freshwater rearing throughout the year, and
smolts that drop down from the watershed and use the lagoon primarily in the spring prior to

seawater entry (Cannata, 1998; Zedonis, 1992).

Immature steelhead migrate directly offshore during their first summer from whatever point they
enter the ocean rather than along the coastal belt as salmon do. During the fall and winter,
juveniles move southward and eastward (Hartt & Dell, 1986; T.E. Nickelson, 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.

Status and Trends

Steelhead survival depends on the quantity and quality of those aquatic systems they occupy.
Steelhead have declined from overharvests, hatcheries, native and non-native exotic species,
dams, gravel mining, water diversions, destruction or degradation of riparian habitat, and land
use practices (logging, agriculture, and urbanization). Climate change also poses significant
hazards to the survival and recovery of salmonids. Hazards from climate change include

elevated water temperature, earlier spring runoff and lower summer flows, and winter flooding.
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Puget Sound Steelhead DPS

This DPS includes all naturally spawned anadromous winter-run and summer-run steelhead in
streams in the river basins of the Strait of Juan de Fuca, Puget Sound, and Hood Canal,
Washington, bounded to the west by the Elwha River (inclusive) and to the north by the
Nooksack River and Dakota Creek (inclusive), as well as the Green River natural and Hamma
Hamma winter-run steelhead hatchery stocks (Figure 29). The remaining hatchery programs are
not considered part of the DPS because they are more than moderately diverged from the local

native populations.

Life History

The Puget Sound steelhead DPS contains both winter-run and summer-run steelhead. Adult
winter-run steelhead generally return to Puget Sound tributaries from December to April (NMFS,
2005d). Spawning occurs from January to mid-June, with peak spawning occurring from mid-
April through May. Prior to spawning, maturing adults hold in pools or in side channels to avoid
high winter flows. Less information exists for summer-run steelhead as their smaller run size
and higher altitude headwater holding areas have not been conducive for monitoring. Based on
information from four streams, adult run time occur from mid-April to October with a higher
concentration from July through September (NMFS, 2005d).

The majority of juveniles reside in the river system for two years with a minority migrating to
the ocean as one or three-year olds. Smoltification and seaward migration occur from April to
mid-May. The ocean growth period for Puget Sound steelhead ranges from one to three years in
the ocean (Busby, et al., 1996). Juveniles or adults may spend considerable time in the protected

marine environment of the fjord-like Puget Sound during migration to the high seas.
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Puget Sound Steelhead DPS
Sub-Basin Range and Distribution
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Status and Trends

NMFS listed Puget Sound steelhead as threatened on May 11, 2007 (72 FR 26722). Fifty-three
populations of steelhead have been identified in this DPS, of which 37 are winter-run. Summer-
run populations are distributed throughout the DPS but are concentrated in northern Puget Sound
and Hood Canal; only the Elwha River and Canyon Creek support summer-run steelhead in the
rest of the DPS. The Elwha River run, however, is descended from introduced Skamania
Hatchery summer-run steelhead. Historical summer-run steelhead in the Green River and Elwha
River were likely extirpated in the early 1900s. Table 33 provides the geometric mean estimates

of escapement of natural spawners for Puget Sound steelhead.

In the early 1980s, run size for this DPS was calculated at about 100,000 winter-run fish and
20,000 summer-run fish. By the 1990s, the total run size for four major stocks exceeded 45,000,
roughly half of which were natural escapement. The Washington Department of Fish and
Wildlife (WDFW) concluded that DPS escapement (excluding the Hamma Hamma population,
see below) further declined by 23% during the years from 1999 through 2004 relative to the
period from 1994 through 1998 (Washington Department of Fish and Wildlife (WDFW), 2008).
Of the 53 known stocks of Puget Sound steelhead, the WDFW 2002 stock assessment
categorized five stocks as healthy, 19 as depressed, one as critical, and 27 of unknown status.
The WDFW (2008) data show escapement of natural spawners for the period 1980 to 2004 and
the period 2000 to 2004 (Washington Department of Fish and Wildlife (WDFW), 2008).

In the 1996 and 2005 status reviews, the Skagit and Snohomish Rivers (North Puget Sound)
winter-run steelhead were found to produce the largest escapements ((Bushy, et al., 1996),
(NMFS, 2005d)). The two rivers still produce the largest wild escapement with a recent (2005 to
2008) four-year geometric mean of 5,468 for the Skagit River and an average 2,944 steelhead in
Snohomish River for the two years 2005 and 2006 (Washington Department of Fish and Wildlife
(WDFW), 2009). Lake Washington has the lowest abundances of winter-run steelhead with an
escapement of less than 50 fish in each year from 2000 through 2004 (Washington Department
of Fish and Wildlife (WDFW), 2008). The stock is now virtually extirpated with only eight and
four returning fish in 2007 and 2008, respectively (Washington Department of Fish and Wildlife
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(WDFW), 2009). No abundance estimates exist for most of the summer-run populations; all

appear to be small, most averaging less than 200 spawners annually.

Table 33. Geometric mean estimates of escapement of natural spawners for Puget Sound

steelhead

Population Run type Long Term 5-Year
Canyon SSH N/A N/A
Skagit SSH N/A N/A
Snohomish SSH N/A N/A
Stillaguamish SSH N/A N/A
Canyon WSH N/A N/A
Dakota WSH N/A N/A
Nooksack WSH N/A N/A
Samish WSH 501 852
Skagit WSH 6,994 5,419
Snohomish WSH 5,283 3,230
Stillaguamish WSH 1,028 550
Tolt SSH 129 119
Green SSH N/A N/A
Cedar WSH 138 37
Green WSH 1,802 1,620
Lk. Washington WSH 308 37
Nisqually WSH 1,116 392
Puyallup WSH 1,714 907
Dewatto WSH 24 25
Dosewallips WSH 71 77
Duckabush WSH 17 18
Hamma Hamma WSH 30 52
Quilcene WSH 17 18
Skokomish WSH 439 203
Tahuya WSH 114 117
Union WSH 55 55
Elwha SSH N/A N/A
Dungeness WSH 311 174
Elwha WSH N/A N/A
McDonald WSH 150 96
Morse WSH 106 103

For each population, estimates are provided for both long term (all yr, ca. 1980-2004 for most
populations) and for a recent five year period (5 yr, 2000-2004). SSH, summer steelhead; WSH, winter
steelhead. (NMFS (2005e) status review updated for Puget Sound steelhead,
http://www.nwr.noaa.gov/ESA-Salmon-Listings/Salmon-Populations/Steelhead/STPUG.cfm)

Long-term trends (1980 to 2004) for the Puget Sound steelhead natural escapement have
declined significantly for most populations, especially in southern Puget Sound, and in some

populations in northern Puget Sound (Stillaguamish winter-run), Canal (Skokomish winter-run),
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and along the Strait of Juan de Fuca (Dungeness winter-run) (NMFS, 2005d). Positive trends
were observed in the Samish winter-run (northern Puget Sound) and the Hamma Hamma winter-
run (Hood Canal) populations. The increasing trend on the Hamma Hamma River may be due to
a captive rearing program rather than to natural escapement (NMFS, 2005d).

The negative trends in escapement of naturally produced fish resulted from peaks in natural
escapement in the early 1980s. Still, the period 1995 through 2004 (short-term) showed strong
negative trends for several populations. This is especially evident in southern Puget Sound
(Green, Lake Washington, Nisqually, and Puyallup winter-run), Hood Canal (Skokomish winter-
run), and the Strait of Juan de Fuca (Dungeness winter-run) (NMFS, 2005d). As with the long-
term trends, positive trends were evident in short-term natural escapement for the Samish and

Hamma Hamma winter-run populations, and also in the Snohomish winter-run populations.

Median population growth rates (A) using 4-year running sums is less than 1, indicating declining
population growth, for nearly all populations in the DPS (NMFS, 2005d). However, some of the
populations with declining recent population growth show only slight declines, (e.g., Samish and

Skagit winter-run in northern Puget Sound, and Quilcene and Tahuya winter-run in Hood Canal).

Only two hatchery stocks genetically represent native local populations (Hamma Hamma and
Green River natural winter-run). The remaining programs, which account for the vast
preponderance of production, are either out-of-DPS derived stocks or were within-DPS stocks
that have diverged substantially from local populations. The WDFW estimated that 31 of the 53
stocks were of native origin and predominantly natural production (Washington Department of
Fish and Wildlife (WDFW), 1993).

Intentional and inadvertent hatchery selection on life history in Chambers Creek winter-run
steelhead has resulted in a domesticated strain with a highly modified average run and spawn
timing. If interbreeding occurs, such changes can have a detrimental effect on fitness in the wild.
However, genetic analyses by Phelps et al. (Phelps, Leider, Hulett, Baker, & Johnson, 1997),
indicated reproductive isolation of and/or poor spawning success by hatchery-origin fish. This
was shown in a later study on the Clackamas River in Oregon (kostow, Marshall, & Phelps,
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3003). There is, however, some evidence for introgression by hatchery releases into winter-run
steelhead populations in tributaries to the Strait of Juan de Fuca. However, this may have been

due to the small size of the naturally-spawning populations relative to the hatchery introductions.

Critical Habitat

NMFS has not designated critical habitat for the Puget Sound steelhead.
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Lower Columbia River Steelhead

The LCR steelhead DPS includes all naturally spawned steelhead populations below natural and
manmade impassable barriers in streams and tributaries to the Columbia River between the
Cowlitz and Wind Rivers, Washington (inclusive), and the Willamette and Hood Rivers, Oregon
(inclusive) (Figure 30). Two hatchery populations are included in this species, the Cowlitz Trout
Hatchery winter-run population and the Clackamas River population but neither was listed as

threatened.

Life History

The LCR steelhead DPS includes both summer- and winter-run stocks (Table 34). Summer-run
steelhead return sexually immature to the Columbia River from May to November, and spend
several months in fresh water prior to spawning. Winter-run steelhead enter fresh water from
November to April, are close to sexual maturation during freshwater entry, and spawn shortly
after arrival in their natal streams. Where both races spawn in the same stream, summer-run

steelhead tend to spawn at higher elevations than the winter-run.
The majority of juvenile LCR steelhead remain for two years in freshwater environments before

ocean entry in spring. Both winter- and summer-run adults normally return after two years in the

marine environment.
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Lower Columbia River Steelhead DPS
Sub-Basin Range and Distribution
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Status and Trends

NMFS listed LCR steelhead as threatened on March 19, 1998 (63 FR 13347), and reaffirmed
their threatened status on January 5, 2006 (71 FR 834). The LCR steelhead had 17 historically
independent winter steelhead populations and 6 independent summer steelhead populations
(McElhany et al., 2003; J. Myers, et al., 2006). All historic LCR steelhead populations are
considered extant. However, spatial structure within the historically independent populations,
especially on the Washington side, has been substantially reduced by the loss of access to the

upper portions of some basins due to tributary hydropower development.

All LCR steelhead 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 fishes
for the Kalama and Sandy winter-run populations.

A number of the populations have a substantial fraction of hatchery-origin spawners in spawning
areas. Many of the long-and short-term trends in abundance of individual populations are

negative.

There is a difference in population stability between winter- and summer-run LCR steelhead.
The winter-run steelhead in the Cascade region has the highest likelihood of being sustained as it
includes a few populations with moderate abundance and positive short-term population growth
rates (T. P. Good, et al., 2005; McElhany, et al., 2007). The Gorge summer-run steelhead is at
the highest risk over the long-term as the Hood River population is at high risk of being lost
(McElhany, et al., 2007)
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Table 34. LCR Steelhead salmon populations, historic abundances (T. P. Good, et al., 2005), 1998
— 2002 and 2004 to 2005 geometric mean abundance (T. P. Good, et al., 2005)(Salmon Scape Query
2009), and hatchery contributions (T. P. Good, et al., 2005; McElhany, et al., 2003).

Historical Recent Geometric Hatchery
Population Run Abundance Mean Total Abundance
Abundances 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 2,243 466/488 ~50%
SF Toutle River 2,627 504/616 ~2%
NF Toutle River 3,770 196/169 0%
Kalama River 3,165 726/1440 0%
NF Lewis River _ 713 Unknown Unknown
Winter
EF Lewis River 3,131 Unknown/514 Unknown
Salmon Creek Unknown Unknown Unknown
Washougal River 2,497 323/528 0%
Clackamas River Unknown 560/-- 41%
Sandy River Unknown 977/-- 42%
Lower tributaries 793 Unknown Unknown
Upper tributaries 243 Unknown Unknown
Hood River Unknown 756/-- ~52%
Kalama River Unknown --/384
NF Lewis River Unknown Unknown Unknown
EF Lewis River Unknown 1474
- Summer
Washougal River Unknown --/668
Hood River Unknown 931/-- ~83%
Wind River 2,288 --1627 ~5%

Critical habitat

Critical habitat was designated for the LCR steelhead on September 2, 2005 (70 FR 52488). Of
41 subbasins listed as critical habitat for the LCR steelhead, 28 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 (

Table 35).

220




Table 35. LCR steelhead watersheds with conservation values.

HUC 5 Watershed conservation Value (CV)

AUG S, SUElEE HighCV | PCE(s)® Meg\';‘m PCE(s)® | LowcV | PCE(s)?
Middle-
Columbia/Hood 4 (1,3, <2) 1 (3. 1) 1 (3. 1)
Lower
Columbia/Sandy 4 (1, 3) 5 (3. 1) 0
Lewis 2 (3,1, 2) 0 0
Lower
Columbia/Clatskanie 1 3.1) 0 0
Upper Cowlitz River 5 (3) 0 0
Cowlitz 3 (3,1) 5 (3,1, 2) 0
Middle Willamette 0 0 1 (1, 2)
Clackamas 6 (1, <2) 0 0
Lower Willamette 3 (2,1, 3) 0 0
Lower Columbia
Corridor all 3.2) 0 0
Total 28 11 2

1 Numbers in parenthesis refers to the dominant (in river miles) PCE(s) within the HUC 5 watersheds.
PCE 1 is spawning and rearing, 2 is rearing and migration, and 3 is migration and presence. PCEs with <

means that the number of river miles of the PCE is much less than river miles of the other PCE

Critical habitat is affected by reduced quality of rearing and juvenile migration PCEs within the
lower portion and alluvial valleys of many watersheds; contaminants from agriculture affect both
water quality and food production in these reaches of tributaries and in the mainstem Columbia

River. Several dams affect adult migration PCE by obstructing the migration corridor.

Watersheds which consist of a large proportion of federal lands such as is the case with the

Sandy River watershed, have relatively healthy riparian corridors that support attributes of the

rearing PCE such as cover, forage, and suitable water quality (Figure 31).
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Lower Columbia River Steelhead DPS
Conservation Value of HUC 5 Watersheds
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Figure 31 Lower Columbia River Steelhead conservation values per sub-area
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Upper Willamette River Steelhead

The UWR steelhead DPS includes all naturally spawned winter-run steelhead populations below
natural and manmade impassable barriers in the Willamette River, Oregon, and its tributaries
upstream from Willamette Falls to the Calapooia River (inclusive) (Figure 32). No artificially
propagated populations that reside within the historical geographic range of this DPS are
included in this listing. Hatchery summer-run steelhead occur in the Willamette Basin but are an

out-of-basin population that is not included in this DPS.

Life History

Native steelhead in the Upper Willamette are a late-migrating winter group that enters fresh
water in January and February (Howell et al., 1985). UWR steelhead do not ascend to their
spawning areas until late March or April, which is late compared to other West Coast winter
steelhead. Spawning occurs from April to June 1. The unusual run timing may be an adaptation
for ascending the Willamette Falls, which may have facilitated reproductive isolation of the
stock. The smolt migration past Willamette Falls also begins in early April and proceeds into
early June, peaking in early- to mid-May (Howell, et al., 1985). Smolts generally migrate
through the Columbia via Multnomah Channel rather than the mouth of the Willamette River.
As with other coastal steelhead, the majority of juveniles smolt and outmigrate after two years;
adults return to their natal rivers to spawn after spending two years in the ocean. Repeat
spawners are predominantly female and generally account for less than 10% of the total run size
(Bushy, et al., 1996).
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Upper Willamette River Steelhead DPS
Sub-Basin Range and Distribution
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Figure 32. UWR Steelhead distribution
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Status and Trends

NMFS originally listed UWR steelhead as threatened on March 25, 1999 (64 FR 14517), and
reaffirmed their threatened status on January 5, 2006 (71 FR 834). Four basins on the east side
of the Willamette River historically supported independent populations for the UWR steelhead,
all of which remain extant. Data reported in McElhaney et al. (2007) indicate that currently the
two largest populations within the DPS are the Santiam River populations. Mean spawner
abundance in both the North and South Santiam River is about 2,100 native winter-run steelhead.
However, about 30% of all habitat has been lost due to human activities (McElhany, et al.,
2007). The North Santiam population has been substantially affected by the loss of access to the
upper North Santiam basin. The South Santiam subbasin has lost habitat behind non-passable
dams in the Quartzville Creek watershed. Notwithstanding the lost spawning habitat, the DPS

continues to be spatially well distributed, occupying each of the four major subbasins.

Table 36. Upper Willamette River steelhead salmon populations, core (C) and genetic legacy (G)
populations, abundances, and hatchery contributions (T. P. Good, et al., 2005; McElhany, et al.,
2003).

- _ Historical Most Recent Hatchery
Historic Independent Populations Spawner Abundance
Abundance o
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

Note: rpm denotes redds per mile.

UWR steelhead are moderately depressed from historical levels (McElhany, et al., 2007).
Average number of late-fall steelhead passing Willamette Falls decreased during the 1990s to
less than 5,000 fish. The number again increased to over 10,000 fish in 2001 and 2002. The
geometric and arithmetic mean number of late-run steelhead passing Willamette Falls for the
period 1998 to 2001 were 5,819 and 6,795, respectively.

Population information for individual basins exist as redds per (river) mile. These redd counts

show a declining long-term trend for all populations (T. P. Good, et al., 2005). One population,
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the Calapooia, had a positive short-term trend during the years from 1990 to 2001. McElhany et
al. (2007) however, found that the populations had a low risk of extinction. Two of the
populations were considered at moderate risk from failed abundances and recruitment levels and
two (North and South Santiam Rivers) were considered at low risk given current abundances and
recruitment (McElhany, et al., 2007).

Hatchery raised winter-run steelhead were released in the Upper Willamette River up to 1999.
These fish were out of basin stocks and had an earlier return timing than the native steelhead.
The impact of these releases on the genetic diversity and life history of the native population is
unknown (Table 36). Nevertheless, remains of the early run still exist and the release of hatchery

fish has been discontinued.

Critical Habitat

NMFS designated critical habitat 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 and specific stream reaches in the following subbasins:
Upper Willamette, North Santiam, South Santiam, Middle Willamette, Molalla/Pudding,
Yamhill, Tualatin, and Lower Willamette (NMFS, 2005c).

Table 37. UWR steelhead watersheds with conservation values

HUC 5 Watershed conservation Value (CV)
Aucasubbasn | pighey | pee)t | MU | peE(s)! | Lowcv | PCE()!
Upper Willamette 1 (1, 2) 2 (2,1) 0
North Santiam 3 (1, 2) 0 0
South Santiam 6 (1, 2) 0 0
Middle Willamette 0 0 4 (2,1)
Yambhill 0 1 (1, 2) 6 (2,1)
Molalla/Pudding 1 (1) 2 (2,1) 3 (2,1)
Tualatin 0 1 (1, 2) 4 (1, 2,3)
Lower Willamette 3 (2) 0 0
Columbia River
Corridor al (3) 0 0
Total 14 6 17

1 Numbers in parenthesis refers to the dominant (in river miles) PCE(s) within the HUC 5 watersheds.
PCE 1 is spawning and rearing, 2 is rearing and migration, and 3 is migration and presence. PCEs with <
means that the number of river miles of the PCE is much less than river miles of the other PCE.
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Of the subbasins reviewed in NMFS’ assessment of critical habitat for the UWR steelhead, 14
subbasins were rated as having a high conservation value, six were rated as having a medium

value, and 17 were rated as having a low conservation value (Table 37).

The current condition of critical habitat designated for the UWR steelhead is degraded (Figure
33), and provides a reduced the conservation value necessary for species recovery. Critical
habitat is affected by reduced quality of juvenile rearing and migration PCEs within many
watersheds; contaminants from agriculture affect both water quality and food production in
several watersheds and in the mainstem Columbia River. Several dams affect adult migration

PCE by obstructing the migration corridor.
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Upper Willamette River Steelhead DPS
Conservation Value of Hydrologic Sub-Areas
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Figure 33. Upper Willamette River Steelhead conservation values per sub-area
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Middle Columbia River Steelhead

The MCR steelhead DPS includes all naturally spawned steelhead populations below natural and
manmade impassable barriers in streams from above the Wind River, Washington, and the Hood
River, Oregon (exclusive), upstream to, and including, the Yakima River, Washington, excluding
O. mykiss from the Snake River Basin. Steelhead from the Snake River basin (described later in
this section) are excluded from this DPS. Seven artificial propagation programs are part of this
DPS. They include: the Touchet River Endemic, Yakima River Kelt Reconditioning Program
(in Satus Creek, Toppenish Creek, Naches River, and Upper Yakima River), Umatilla River, and
the Deschutes River steelhead hatchery programs (Figure 34). These artificially propagated
populations are considered no more divergent relative to the local natural populations than would

be expected between closely related natural populations within the DPS.
According to the ICBTRT (ICTRT, 2003), this DPS is composed of 16 populations in four major

population groups (Cascade Eastern Slopes Tributaries, John Day River, Walla Walla and

Umatilla Rivers, and Yakima River), and one unaffiliated population (Rock Creek).
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Middle Columbia River Steelhead DPS
Sub-Basin Range and Distribution
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Figure 34. MCR Steelhead distribution
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Life History

MCR steelhead populations are mostly of the summer-run type. Adult steelhead enter fresh
water from June through August. The only exceptions are populations of inland winter-run
steelhead which occur in the Klickitat River and Fifteenmile Creek (Bushby, et al., 1996).

The majority of juveniles smolt and outmigrate as two-year olds. Most of the rivers in this
region produce about equal or higher numbers of adults having spent one year in the ocean as
adults having spent two years. However, summer-run steelhead in Klickitat River have a life
cycle more like LCR steelhead whereby the majority of returning adults have spent two years in
the ocean (Busby, et al., 1996). Adults may hold in the river up to a year before spawning.

Status and Trends

NMFS listed MCR steelhead as threatened on March 25, 1999 (64 FR 14517), and reaffirmed
their threatened status on January 5, 2006 (71 FR 834). The ICTRT identified 16 extant
populations in four major population groups (Cascades Eastern Slopes Tributaries, John Day
River, Walla Walla and Umatilla Rivers, and Yakima River) and one unaffiliated independent
population (Rock Creek) (ICTRT, 2003). There are two extinct populations in the Cascades
Eastern Slope major population group: the White Salmon River and the Deschutes Crooked
River above the Pelton/Round Butte Dam complex. Present population structure is delineated

largely on geographical proximity, topography, distance, ecological similarities or differences.

Historic run estimates for the Yakima River imply that annual species abundance may have
exceeded 300,000 returning adults (Busby, et al., 1996). 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 (T. P. Good, et al., 2005). The
five-year average for these basins is 298 and 1,492 fish, respectively (T. P. Good, et al., 2005).
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Table 38. Middle Columbia River steelhead independent populations, abundances, and hatchery
contributions (T. P. Good, et al., 2005; ICTRT, 2003)

_ _ _ Historical Most Recent Hatchery
Major Basins Population Spawner Abundance
Abundance I
Abundance Contributions
Klickitat River Unknown 97-261 reds Unknown
White Salmon River Unknown Extirpated N/A
Cascade Eastern Fifteenmile Creek Unknown 2.87 rpm 100%
Slope Tributaries East and V%/i(\alsétrPeschutes Unknown 10,026-21,457 38%
Crooked River Unknown Extirpated N/A
John Day upper main Unknown 926-4,168 96%
John Day lower main Unknown 1.4 rpm 0%
John Day NF
John Day upper NF Unknown 2.57 rpm 0%
lower NF Unknown .52 rpm 0%
John Day MF Unknown 3.7 rpm 0%
John Day SF Unknown 2.52 rpm 0%
Umatilla River Unknown 1,480-5,157 60%
Walla Walla and Walla Walla River Unknown Unknown Unknown
Umatilla Touchet River Unknown 273-527 Unknown
Willow Creek Unknown Extirpated N/A
Yakima River Basin Unknown 1,058-4,061 97%
Satus Creek Unknown Unknown Unknown
Yakima Toppenish Creek Unknown Unknown Unknown
Naches River Unknown Unknown Unknown
Upper Yakima Unknown Unknown Unknown

*Deschutes River is divided into two historically independent populations: the Eastside and Westside
Tributaries

Good et al. (2005) calculated that the median estimate of long-term trend over 12 indicator data
sets was —2.1% per year (-6.9 to 2.9), with 11 of the 12 being negative. Long-term annual

population growth rates (A) were also negative (T. P. Good, et al., 2005). The median long-term
A was 0.98, assuming that hatchery spawners do not contribute to production, and 0.97 assuming

that both hatchery- and natural-origin spawners contribute equally.

The median short-term (1990-2001) annual population growth rate assuming no hatchery
contribution is estimated to 1.045 (T. P. Good, et al., 2005). Of the 12 datasets, 8 indicator
trends have a positive growth rate. Assuming that potential hatchery spawners contributed at the
same rate as natural-origin spawners resulted in lower estimates of population growth rates. The
median short-term A under the assumption of equal hatchery- and natural-origin spawner
effectiveness was 0.967, with 6 of the 12 indicator trends exhibiting positive growth rates.
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The Yakima River populations are at a risk from overall depressed abundances and the majority
of spawning occurring in only one tributary (T. P. Good, et al., 2005). The Cascade populations
are at risk by the only population with large runs being dominated by out-of-basin strays (T. P.
Good, et al., 2005). Returns to sections of the John Day River system increased in the late 1990s
and these populations are the only ones with returns consisting mainly of natural spawners (T. P.
Good, et al., 2005). However, degraded habitat conditions in the John Day River basin (NMFS,
1999) may affect the populations’ ability to maintain a positive recruitment during less

productive ocean conditions (T. P. Good, et al., 2005).

Table 38 summarizes MCR steelhead independent populations, abundances and hatchery
contributions(T. P. Good, et al., 2005; ICTRT, 2003). Status reviews in the 1990s noted
considerable reduction in abundances in several basins, loss and degraded freshwater habitat, and
stray steelhead in Deschutes River. The population experienced a substantial increase in

abundance in some basins since these reviews (T. P. Good, et al., 2005).

Critical Habitat

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

The CHART assessment for this DPS addressed 15 (HUC4) subbasins containing 106 occupied
watersheds (HUCS5), as well as the Columbia River rearing/migration corridor (NMFS, 2005a).
Of all the watersheds, 73 were rated as having a high conservation value, 24 as medium value,

and 9 as low value (
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Table 39). The lower Columbia River rearing/migration corridor downstream of the spawning

range is also considered to have a high conservation value.
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Table 39. MCR steelhead watersheds with conservation values

HUC 5 Watershed conservation Value (CV)

HUC 4 Subbasin High CV | PCE(s)® Meg\'fm PCEE) | Lowev | PCE(s)*
Upper Yakima 3 (1,3,2) 1 (2,1) 0
Naches 3 (1, 3) 0 0
Lower Yakima 3 (1, 3) 3 (3, 2) 0
Middle C\/:\;J;li:mgla/Lake > (3, <1) 3 3) 0
Walla Walla 5 (1, 3,2) 3 (3,1, 2) 1 (3)
Umatilla 6 (1, 2) 1 (1, 2) 3 (1, 2)
Middle Columbia/Hood 3 (1, 3) 4 (3, <2) 1 (1)
Klickitat 4 (3,1) 0 0
Upper John Day 12 (1, 2, 3) 1 (1, 2) 0
North Fork John Day 9 (1, 2, 3) 1 (1, 2) 0
Middle Fork John Day 4 (1, 3) 0 1 (2, 1)
Lower John Day 7 (1, 3) 6 (1, 3,2) 1 (3,<2)
Lower Deschutes 8’ 1, 2) 0 1 (1, =1.9mi)
Trout 2 (1) 1 (1) 1 (1,=1.5mi)
Lower Columbia/Sandy 1 (3) 0 0
Upper Columbia/Priest
Rapids 1 (3) 0 0
Lower Columbia 2
Corridor all (3)
Total 73 24 9

1 Numbers in parenthesis refers to the dominant (in river miles) PCE(s) within the HUC 5 watersheds.
PCE 1 is spawning and rearing, 2 is rearing and migration, and 3 is migration and presence. PCEs with <

means that the number of river miles of the PCE is much less than river miles of the other PCE.

The current condition of critical habitat designated for the MCR steelhead is moderately

degraded (Figure 35). Critical habitat is affected by reduced quality of juvenile rearing and

migration PCEs within many watersheds; contaminants from agriculture affect both water

quality and food production in several watersheds and in the mainstem Columbia River. Loss of

riparian vegetation to grazing has resulted in high water temperatures in the John Day basin.

Reduced quality of the rearing PCEs has diminished its contribution to the conservation value

necessary for the recovery of the species. Several dams affect adult migration PCE by

obstructing the migration corridor.
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Upper Willamette River Steelhead DPS
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Figure 35. Upper Willamette River Steelhead conservation values per sub-area
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Upper Columbia River Steelhead

The UCR steelhead DPS includes all naturally spawned steelhead populations below natural and
man-made impassable barriers in streams in the Columbia River basin upstream from the
Yakima River, Washington, to the U.S. - Canada border (Figure 36). The UCR steelhead DPS
also includes six artificial propagation programs: the Wenatchee River, Wells Hatchery (in the
Methow and Okanogan Rivers), Winthrop NFH, Omak Creek, and the Ringold steelhead
hatchery programs. These artificially propagated populations are no more divergent relative to
the local natural populations than would be expected between closely related populations within
this DPS.

Life History

All UCR steelhead are summer-run steelhead. Adults return in the late summer and early fall,
with most migrating relatively quickly to their natal tributaries. A portion of the returning adult
steelhead overwinters in mainstem reservoirs, passing over upper-mid-Columbia dams in April
and May of the following year. Spawning occurs in the late spring of the year following river
entry. Juvenile steelhead spend one to seven years rearing in fresh water before migrating to sea.
Smolt outmigrations are predominantly year class two and three (juveniles), although some of
the oldest smolts are reported from this DPS at seven years. Most adult steelhead return to fresh

water after one or two years at sea.
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Upper Columbia River Steelhead DPS
Sub-Basin Range and Distribution

124°W 123°'W 122w 121°W 1200W
1 1 1 1

P=49°N

[=48°N
47°N=-

Olympia
..VP

=47"N

ower:

Middle Ci

[=46°N

N
w4 | Legend A
——— Distribution

® Major Cities

- Columbia River
I:} Puget Sound
I:] Sub-Basin

f=45°N
T T T T T
122°W 121°W 1200W 19°W 18°W
0 20 40 80 Prepared by K. Goetschius @
S, || o 6 te 'S July 2010

Figure 36. UCR Steelhead distribution
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Status and Trends

NMES originally listed UCR steelhead as endangered on August 19, 1997 (62 FR 43937).
NMFS changed the listing to threatened on January 5, 2006 (71 FR 834). After litigation
resulting in a change in the DPS’ status to endangered and then again as threatened, on August
24,2009, NMFS reaffirmed the species’ status as threatened (74 FR 42605). The UCR steelhead
consisted of four historical independent populations: the Wenatchee, Entiat, Methow, and
Okanogan. All populations are extant. The UCR steelhead must navigate over several dams to
access spawning areas. The construction of Grand Coulee Dam in 1939 blocked access to over
50% of the river miles formerly available to UCR steelhead (ICTRT, 2003).

Returns of both hatchery and naturally produced steelhead to the upper Columbia River 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 were
based on extrapolations from mainstem dam counts and associated sampling information (T. P.
Good, et al., 2005). 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
(ICTRT, 2003).

Table 40. Upper Columbia River Steelhead salmon populations, abundances, and hatchery
contributions (T. P. Good, et al., 2005).

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

Recent population abundances for the Wenatchee and Entiat aggregate population and the
Methow population remain well below the minimum abundance thresholds developed for these
populations (ICTRT, 2003). A five-year geometric mean (1997 to 2001) of approximately 900

naturally produced steelhead returned to the Wenatchee and Entiat rivers (combined). The
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abundance is well below the minimum abundance thresholds but it represents an improvement

over the past (an increasing trend of 3.4% per year).

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. Overall adult returns are
dominated by hatchery fish (Table 40), 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 (D. Chapman et al., 1994).

Critical Habitat

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

The CHART assessment for this ESU addressed 10 (HUC4) subbasins containing 41 occupied
watersheds (HUCS5), as well as the Columbia River rearing/migration corridor. Thirty-one of the
watersheds were rated as having a high conservation value, seven as medium value, and three as

low value (
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Table 41). The lower Columbia River rearing/migration corridor downstream of the spawning

range is of high conservation value.

The current condition of critical habitat designated for the UCR steelhead is moderately
degraded. Habitat quality in tributary streams varies from excellent in wilderness and roadless
areas to poor in areas subject to heavy agricultural and urban development (Figure 37). Critical
habitat is affected by reduced quality of juvenile rearing and migration PCEs within many
watersheds; contaminants from agriculture affect both water quality and food production in
several watersheds and in the mainstem Columbia River. Several dams affect adult migration

PCE by obstructing the migration corridor.
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Table 41. UCR Steelhead watersheds with conservation values

HUC 5 Watershed conservation Value (CV)
HUC 4 Subbasin :
Highcv | PeE)’ | MeU™ | PCE(S)! | Lowev | PCE()!
Chief Joseph 1 (3, 2) 0 2 (2)
Okanogan 2 (3,1) 3 (3) 0
Similkameen 1 (3) 0 0
Methow 7 (1, 3) 0 0
Lake Chelan 0 1 (1, 3) 0
Upper
Columbia/Entiat 3 (3.1) ! (3) 0
Wenatchee 4 (1,2,3) 1 (3,1) 0
Moses Coulee 0 0 1 (2)
Lower Crab 0 1 (3) 0
Upper
Columbia/Priest 3 3) 0 0
Rapids
Middle
Columbia/Lake 5 3) 0 0
Wallula
Middle
Columbia/Hood 4 (3) 0 0
Lower
Columbia/Sandy L (3) 0 0
Lower Columbia
Corridor al (3) 0 0
Total 31 7 3

1 Numbers in parenthesis refers to the dominant (in river miles) PCE(s) within the HUC 5 watersheds.
PCE 1 is spawning and rearing, 2 is rearing and migration, and 3 is migration and presence. PCEs with <
means that the number of river miles of the PCE is much less than river miles of the other PCE.
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Figure 37. Upper Columbia River Steelhead conservation values per sub-area.
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Snake River Steelhead

The Snake River (SR) basin steelhead DPS includes all naturally spawned steelhead populations
below natural and man-made impassable barriers in streams in the Columbia River Basin
upstream from the Yakima River, Washington, to the U.S. - Canada border (Figure 38). Six
artificial propagation programs are also included in the DPS: the Tucannon River, Dworshak
National Fish Hatchery, Lolo Creek, North Fork Clearwater, East Fork Salmon River, and the
Little Sheep Creek/Imnaha river hatchery programs. These artificially propagated populations
are no more divergent relative to the local natural populations than what would be expected

between closely related natural populations within the DPS.

Life History

SR basin steelhead are generally classified as summer-run fish. They enter the Columbia River
from late June to October. After remaining in the river through the winter, SR basin steelhead
spawn the following spring (March to May). Managers recognize two life history patterns within
this DPS primarily based on ocean age and adult size upon return: A-run or B-run. A-run
steelhead are typically smaller, have a shorter freshwater and ocean residence (generally one year
in the ocean), and begin their up-river migration earlier in the year. B-run steelhead are larger,
spend more time in fresh water and the ocean (generally two years in ocean), and appear to start
their upstream migration later in the year. SR basin steelhead usually smolt after two or three

years.
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Snake River Steelhead DPS
Sub-Basin Range and Distribution
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Status and Trends

NMFS listed SR basin steelhead as threatened on August 18, 1997 (62 FR 43937), and
reaffirmed their threatened status on January 5, 2006 (71 FR 834). The ICTRT (ICTRT, 2003)

identified 23 populations. SR basin steelhead remain spatially well distributed in each of the six

major geographic areas in the Snake River basin (T. P. Good, et al., 2005). The SR basin

steelhead B- run populations remain particularly depressed.

Table 42 SR Basin Steelhead salmon populations, abundances, and hatchery contributions (T. P.

Good, et al., 2005)

_ Historical Most Recent Hatchery
River Abundance Spawner Abur_1dar_1ce
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) ?

Note: rpm denotes redds per mile.

A quantitative assessment for viability of SR steelhead is difficult given limited data on adult

spawning escapement for specific tributary production areas. Annual return estimates are limited

to counts of the aggregate return over Lower Granite Dam, and spawner estimates for the

Tucannon, Asotin, Grande Ronde, and Imnaha Rivers (Table 42). The 2001 return over Lower

Granite Dam was substantially higher relative to the low levels seen in the 1990s; the recent

geometric five-year mean abundance (14,768 natural returns) was approximately 28% of the

interim recovery target level (52,00 natural spawners). 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 Snake River supports

approximately 63% of the total natural-origin production of steelhead in the Columbia River

Basin. The current condition of Snake River Basin steelhead (T. P. Good, et al., 2005) is

summarized below.
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There is uncertainty for wild populations given limited data for adult spawners in individual
populations. 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).

Overall, the abundances remain well below interim recovery criteria. The high proportion of

hatchery produced fish in the runs remains a major concern.

Critical Habitat

Critical habitat was designated for this species on September 2, 2005 (70 FR 52630). Figure 39
shows the conservation rankings per sub-area. Of the watersheds assessed, 229 were rated as
having a high conservation value, 42 as medium value, and 12 as low value (Table 43). The
Columbia River migration corridor was also given a high conservation value rating (NMFS
2005a).

The current condition of critical habitat designated for SR basin steelhead is moderately
degraded. Critical habitat is affected by reduced quality of juvenile rearing and migration PCEs
within many watersheds; contaminants from agriculture affect both water quality and food
production in several watersheds and in the mainstem Columbia River. Loss of riparian
vegetation to grazing has resulted in high water temperatures in the John Day basin. These
factors have substantially reduced the rearing PCEs contribution to the conservation value
necessary for species recovery. Several dams affect adult migration PCE by obstructing the

migration corridor.
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Table 43 SR steelhead watersheds with conservation values

HUC 5 Watershed conservation Value (CV)
HUC 4 Subbasin :
HighCV | PCE(s)* Meg\';‘m PCE(s)* | LowCV | PCE(s)?
Hells Canyon 3 (1, 2, 3) 0 0
Imnaha River 5 (1) 0 0
Lower Snake/Asotin 3 (1, 2, 3) 0 0
Upper Grande Ronde 9 (1, 2) 2 (2,1) 0
Wallowa River 5 (1) 1 (1) 0
Lower Grande Ronde 7 (1) 0 0
Lower
Snake/Tucannon 2 (1. 3) 2 (3. 1) 4 (1, 3)
Palouse River 0 1 (3,1) 0
Upper Salmon 20 (1) 6 (1) 1 (1)
Pahsimeroi 1 (1) 2 (1) 0
Middle Salmon-
Panther 16 (1, <3) 6 Q) 1 (2)
Lemhi 11 1)* 1 1) 0
Upper Middle Fork 13 1) 0 0
Salmon
Lower Middle Fork 17 (1, <2) 0 0
Salmon
Middle Salmon-
Chamberlain 14 (1, <3) 3 (3, 1) 1 (1)
South Fork Salmon 15 (1) 0 0
Lower Salmon 12 (1, 3) 5 (1, 3) 0
Upper Selway 9 (1, 3) 0 0
Lower Selway 13 (1, 2) 0 0
Lochsa 14 (1) 0 0
Middle Fork
Clearwater 2 (1) 0 0
South Fork Clearwater 8 (1,3) 3 (1) 2 (1, <3)
Clearwater 16 (1) 10 (1,2,3) 3 (1)
Lower Snake River 3 3) 0 0
Upper Columbia/Priest
Rapids L (2) 0 0
Middle Columbia/Lake
Wallula 5 (2) 0 0
Middle Columbia/Hood 4 2) 0 0
Lower
Columbia/Sandy 1 ) 0 0
Lower Columbia
Corridor all () 0 0
Total 229 42 12

1 Numbers in parenthesis refers to the dominant (in river miles) PCE(s) within the HUC 5 watersheds.
PCE 1 is spawning and rearing, 2 is rearing and migration, and 3 is migration and presence. PCEs with <
means that the number of river miles of the PCE is much less than river miles of the other PCE.
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Snake River Steelhead DPS
Conservation Value of Hydrologic Sub-Areas
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Figure 39. Snake River Steelhead conservation values per sub-area
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Northern California Steelhead

The NC steelhead DPS includes all naturally spawned steelhead populations below
natural and manmade impassable barriers in California coastal river basins from
Redwood Creek southward to, but not including, the Russian River, as well as two
artificial propagation programs: the Yeager Creek Hatchery, and North Fork Gualala

River Hatchery (Gualala River Steelhead Project) steelhead hatchery programs (Figure 40).

Life History

This DPS includes both winter- and summer —run steelhead. In the Mad and Eel Rivers,
immature steelhead may return to fresh water as “half-pounders” after spending only two
to four months in the ocean. Generally, a half-pounder will overwinter in fresh water and

return to the ocean in the following spring.

Juvenile out-migration appears more closely associated with size than age but generally,
throughout their range in California, juveniles spend two years in fresh water (Busby et al
1996). Smolts range from 14-21 cm in length. Juvenile steelhead may migrate to rear in
lagoons throughout the year with a peak in the late spring/early summer and in the late
fall/early winter period (Shapovalov & Taft, 1954; Zedonis, 1992).

Steelhead spend anywhere from one to five years in salt water, however, two to three
years are most common (Busby, et al., 1996). Ocean distribution is not well known but
coded wire tag recoveries indicate that most NC steelhead migrate north and south along
the continental shelf (Barnhart, 1986).
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Northern California Steelhead DPS
Sub-Basin Range and Distribution
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Figure 40. Northern California Steelhead distribution
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Status and Trends

NMFS listed NC steelhead as threatened on June 7, 2000 (65 FR 36074), and reaffirmed
their threatened status on January 5, 2006 (71 FR 834). The DPS encompass 15 historic
functionally independent populations (and 22 potentially independent populations) of
winter steelhead and 10 historic independent populations of summer steelhead
(Bjorkstedt, et al., 2005). Although the DPS spatial structure is relatively intact, the
spatial structure and distribution within most watersheds have been adversely affected by
barriers and high water temperatures. One of the basins, the Upper Mainstem Eel, has
lost too much of its habitat to sustain an independent population today (Brian C. Spence,
et al., 2008). Production in the Mad River has been substantially reduced by the loss of
36% of its potential steelhead habitat. Large portions of the interior Russian River have
been lost to the Coyote Valley Dam on the Russian River and the Warm Springs
Hydroelectric Facility on Dry Creek, a major tributary to the Russian River. Spatial
distribution in several smaller coastal watersheds has been impacted by constructed

barriers blocking access to tributaries and headwaters.

Long-term data sets are limited for the 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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Table 44).

During the first status review on this DPS, adult escapement trends were computed from
seven populations. Five of the seven populations exhibited declines while two exhibited
increases with a range of almost a 6% annual decline to a 3.5% increase. At that time,
little information existed for the actual contribution of hatchery fish to natural spawning,
and on present total run sizes for the DPS (Bushy, et al., 1996).
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Table 44. NC Steelhead salmon historic functionally independent populations and their
abundances and hatchery contributions (T. P. Good, et al., 2005)

_ Historical Recent Hatchery
Population Abundance Spawner Abur_1dar_1ce
Abundance Contributions

Mad River (S) 6,000 162-384 2%

MF Eel River (S) Unknown 384-1,246 0%

NF Eel River (S) Uknown Extirpated N/A
Mattole River (S) Unknown 9-30* Unknown
Redwood Creek (S) Unknown 6* Unknown
Van Duzen (W) 10,000 Unknown Unknown
Mad River (W) 6,000 Unknown Unknown
SF Eel River (W) 34,000 2743-20,657 Unknown
Mattole River (W) 12,000 Unknown Unknown
Redwood Creek (W) 10,000 Unknown Unknown
Humboldt Bay (W) 3,000 Unknown Unknown

Freshwater Creek (W) 25-32
Ten Mile River (W) 9,000 Unknown Unknown
Noyo River (W) 8,000 186-364* Unknown
Big River (W) 12,000 Unknown Unknown
Navarro River (W) 16,000 Unknown Unknown
Garcia River (W) 4,000 Unknown Unknown
Gualala River (W) 16,000 Unknown Unknown
Total 198,000 Unknown

*From Spence et al. (2008). Redwood Creek abundance is mean count over four generations.
Mattole River abundances from surveys conducted between 1996 and 2005. Noyo River
abundances from surveys conducted since 2000.

Summer —run steelhead is noted with a (S) and winter-run steelhead with a (W)

More recent time series data are from snorkel counts conducted on adult summer-run
steelhead in the Middle Fork Eel River. 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 (T. P. Good, et al., 2005).

Reduction of summer-run steelhead populations has significantly reduced current DPS
diversity compared to historic conditions. Of the 10 summer-run steelhead populations,
only four are extant. Of these, only the Middle Fork Eel River population is at moderate
risk of extinction, the remaining three are at high risk (Brian C. Spence, et al., 2008).

Hatchery influence has likely been limited.
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Critical Habitat

NMFS designated critical habitat for NC steelhead on September 2, 2005 (70 FR 52488).
Specific geographic areas designated include the following CALWATER hydrological
units: Redwood Creek, Trinidad, Mad River, Eureka Plain, Eel River, Cape Mendocino,
and the Mendocino Coast. The total area of critical habitat includes about 3,000 miles of
stream habitat and about 25 square miles of estuarine habitat, mostly within Humboldt

Bay.

There are 50 occupied CALWATER Hydologic Subareas (HSA) watersheds within the
freshwater and estuarine range of this ESU. Nine watersheds received a low rating, 14
received a medium rating, and 27 received a high rating of conservation value to the ESU
(NMFS, 2005a) (Table 45, and Figure 41). Two estuarine habitat areas used for rearing
and migration (Humboldt Bay and the Eel River Estuary) also received a high

conservation value rating.

Table 45. NC steelhead CALWATER HSA watersheds with conservation values

HUC 5 Watershed conservation Value (CV)
HUC 4 Subbasin :

Hghcv | PeE)® | MM | peE@)® | Lowev | PCE(S)

Redwood Creek 2 (1, 2,3) 1 (1, 2,3) 0
Trindad 1 (1,2,3) 0 1 (1,2,3)
Mad River 3 (1,2,3) 0 1 (1,2,3)

Eureka Plain 1 (1, 2,3) 0 0

Eel River 10 (1,2,3) 9 (1,2,3) 0
Cape Mendocino 1 (1, 2,3) 0 2 (1, 2,3)
Mendocino Coast 9 (1, 2,3) 4 (1, 2,3) 5 (1, 2,3)

Total 27 14 9

1 Numbers in parenthesis refers to the dominant (in river miles) PCE(s) within the HUC 5
watersheds. PCE 1 is spawning and rearing, 2 is rearing and migration, and 3 is migration and
presence. PCEs with < means that the number of river miles of the PCE is much less than river
miles of the other PCE.

The current condition of critical habitat designated for the NC steelhead is moderately
degraded. Nevertheless, it does provide some conservation value necessary for species
recovery. Within portions of its range, especially the interior Eel River, rearing PCE
quality is affected by elevated temperatures by removal of riparian vegetation. Spawning

PCE attributes such as the quality of substrate supporting spawning, incubation, and
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larval development have been generally degraded throughout designated critical habitat
by silt and sediment fines in the spawning gravel. Bridges and culverts further restrict
access to tributaries in many watersheds, especially in watersheds with forest road
construction, thereby reducing the function of adult migration PCE.
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Northern California Steelhead DPS
Conservation Value of Hydrologic Sub-Areas
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Figure 41. Northern California Steelhead conservation values per sub-area
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Central California Coast Steelhead

The CCC steelhead DPS includes all naturally spawned 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 42).

Life History

The DPS is entirely composed of winter-run fish, as are those DPSs to the south. Adults
return to the Russian River and migrate upstream from December — April, and smolts
emigrate between March — May ) (Hayes, Bond, Hanson, & MacFarlane, 2004;
Shapovalov & Taft, 1954). Most spawning takes place from January through April.
While age at smoltification typically ranges for one to four years, recent studies indicate
that growth rates in Soquel Creek likely prevent juveniles from undergoing smoltification
until age two (Sogard, Williams, & Fish, 2009). Survival in fresh water reaches tends to
be higher in summer and lower from winter through spring for year classes 0 and 1
(Sogard, et al., 2009). Larger individuals also survive more readily than do smaller fish
within year classes (Sogard, et al., 2009). Greater movement of juveniles in fresh water
has been observed in winter and spring versus summer and fall time periods. Smaller
individuals are more likely to be observed to exceed 0.3 mm per day, and are highest in
winter through spring, potentially due to higher water flow rates and greater food
availability (Boughton et al., 2007; Sogard, et al., 2009).
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Central California Coast Steelhead DPS
Sub-Basin Range and Distribution
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Figure 42. CCC steelhead distribution
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Status and Trends

NMFS listed CCC steelhead as threatened on August 18, 1997 (62 FR 43937), and
reaffirmed their threatened status on January 5, 2006 (71 FR 834). The CCC steelhead
consisted of nine historic functionally independent populations and 23 potentially
independent populations (Bjorkstedt, et al., 2005). Of the historic functionally
independent populations, at least two are extirpated while most of the remaining are
nearly extirpated. Current runs in the basins that originally contained the two largest
steelhead populations for CCC steelhead, the San Lorenzo and the Russian Rivers (Table
46), both have been estimated at less than 15% of their abundances just 30 years earlier
(T. P. Good, et al., 2005). Steelhead access to significant portions of the upper Russian
River has also been blocked (Busby, et al., 1996; NMFS, 2008a).

Table 46. CCC Steelhead populations, historic population type, abundances, and hatchery
contributions (T. P. Good, et al., 2005; NMFS, 2008a) .

- Pop. Historical Mgst Recent AI;atcdhery
asin pawner undance
Type Abundance Abundance Contributions
Upper Russian River Fl 65,000 (1970) 1,750-7,000 (1994) Unknown
Lagunitas Creek PI Unknown 400-500 (1990s) Unknown
Stemple Creek PI Unknown Extirpated N/A
Americano Creek Pl Unknown Extirpated N/A
San Gregorio Fl 1,000 (1973) Unknown Unknown
Waddell Creek PI 481 150 (1994) Unknown
Scott Creek D Unknown <100 (1991) Unknown
San Vicente Creek D 150 (1982) 50 (1994) Unknown
San Lorenzo River FI 20,000 <150 (1994) Unknown
Soquel Creek Pl 500-800 (1982) <100 (1991) Unknown
Aptos Creek Pl 200 (1982) 50-75 (1994) Unknown
Guadalupe River Fl Unknown Unknown Unknown
Napa River Fl Unknown Unknown Unknown
San Leandro River FI Unknown Extirpated* N/A
San Lorenzo River Fl 20,000 pre-1965 <150 (1994) N/A
Alameda Creek Fl Unknown Extirpated N/A
Total 94,000 2,400-8,125

*A remnant stray run may still exist (Robert A. Leidy, Becker, & Harvey, 2005)
Population type: Fl, historic functionally independent; PI, historic potentially independent.

Historically, the entire CCC steelhead DPS may have consisted of an average runs size of
94,000 adults in the early 1960s (T. P. Good, et al., 2005). Information on current CCC

steelhead populations consists of anecdotal, sporadic surveys that are limited to only
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smaller portions of watersheds. 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; T. P. Good, et al., 2005). Table Y'Y identifies
populations within the CCC steelhead salmon ESU, their abundances, and hatchery input.

Though the information for individual populations is limited, available information
strongly suggests that no population is viable. Long-term population sustainability is
extremely low for the southern populations in the Santa Cruz mountains and in the San
Francisco Bay (NMFS, 2008a). Declines in juvenile southern populations are consistent
with the more general estimates of declining abundance in the region (T. P. Good, et al.,
2005). The interior Russian River winter-run steelhead has the largest runs with an
estimate of an average of over 1,000 spawners; it may be able to be sustained over the
long-term but hatchery management has eroded the population’s genetic diversity

(Bjorkstedt, et al., 2005; NMFS, 2008a).

Data on abundance trends do not exist for the DPS as a whole or for individual

watersheds. Thus, it is not possible to calculate long-term trends or lambda.

Critical Habitat

Critical habitat was designated for this species on September 2, 2005 (70 FR 52630). It
includes the Russian River watershed, coastal watersheds in Marin County, streams
within the San Francisco Bay, and coastal watersheds in the Santa Cruz Mountains down

to Apos Creek.

There are 47 occupied HSA watersheds within the freshwater and estuarine range of this
ESU. As shown in Figure 43, fourteen watersheds are considered of low conservation
value, 13 as having a medium conservation value, and 19 as having a high conservation
value to the ESU (NMFS, 2005c) (
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Table 47). Five of these HSA watersheds comprise portions of the San Francisco-San
Pablo- Suisun Bay estuarine complex which provides rearing and migratory habitat for
this ESU.
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Table 47. CCC steelhead CALWATER HSA watersheds with conservation values.

HUC 4 Subbasin

HUC 5 Watershed conservation Value (CV)

Medium

High CV PCE(s)* o PCE(s)' | LowCV | PCE(s)*
Russian River 7 (1,2,3) 2 (1,2,3) 1 (1,2,3)
Bodega Bay 0 1 (1,2,3) 1 (1,2,3)
Coastal Marin
San Mateo 2 (1,2,3) 2 (1,2,3) 1 (1,2,3)
. (estuarine
Bay Bridges 1 PCEs) 1 1,2,3) 1 1,2,3)
(estuarine (2 mi of
South Bay 1 PCEs) 1 1,2,3) 1 2 and 3)
(estuarine
Santa Clara 1 PCEs) 2 1,2,3) 2 1,2,3)
San Pablo 3 (1,2,3) 1 (1,2,3) 2 (1,2,3)
Suisun 0 1 (1,2,3) 4 (1,2,3)
Big Basin 3 (1,2,3) 1 (1,2,3) 0
Total 19 13 15

1 Numbers in parenthesis refers to the dominant (in river miles) PCE(s) within the HUC 5
watersheds. PCE 1 is spawning and rearing, 2 is rearing and migration, and 3 is migration and
presence. PCEs with < means that the number of river miles of the PCE is much less than river

miles of the other PCE.

Streams throughout the critical habitat have reduced quality of spawning PCEs; sediment

fines in spawning gravel have reduced the ability of the substrate attribute to provide well

oxygenated and clean water to eggs and alevins. High proportions of fines in bottom

substrate also reduce forage by limiting the production of aquatic stream insects adapted

to running water. Elevated water temperatures and impaired water quality have further

reduced the quality, quantity and function of the rearing PCE within most streams. These

impacts have diminished the ability of designated critical habitat to conserve the CCC

steelhead.

263




Central California Coast Steelhead DPS
Conservation Value of Hydrologic Sub-Areas

123 W 12w
1 1

——

1
12w 121w

0 125 25 20 Prepared by K. Goetschius 9
s ™ e— | S February 2010

Figure 43. Central California Coast Steelhead conservation values per sub-area.

264



California Central Valley Steelhead

The California Central Valley (CCV) steelhead DPS includes all naturally spawned
steelhead populations below natural and manmade impassable barriers in the Sacramento
and San Joaquin Rivers and their tributaries, excluding steelhead from San Francisco and
San Pablo Bays and their tributaries, as well as two artificial propagation programs: the

Coleman NFH, and Feather River Hatchery steelhead hatchery programs (Figure 44).

Life History

CCV steelhead are considered winter steelhead and have the longest freshwater migration
of any population of winter steelhead. CCV steelhead generally leave the ocean from
August through April (Bushby, et al., 1996), and spawn from December through April,
with peaks from January though March, in small streams and tributaries where cool, well
oxygenated water is available year-round (Hallock, Van Woert, & Shapovalov, 1961; D.
McEwan & Jackson, 1996). Most spawning habitat for steelhead in the Central Valley is
located in areas directly downstream of dams containing suitable environmental

conditions for spawning and incubation.

Newly emerged fry move to the shallow, protected areas associated with the stream
margin (D. McEwan & Jackson, 1996). Steelhead rearing during the summer occurs
primarily in higher velocity areas in pools, although young of the year also are abundant
in glides and riffles. Both spawning areas and migratory corridors comprise rearing
habitat for juveniles, which feed and grow before and during their outmigration. Non-
natal, intermittent tributaries also may be used for juvenile rearing. Migratory corridors
are downstream of the spawning areas and include the lower mainstems of the

Sacramento and San Joaquin rivers and the Delta.

Hallock et al. (1961) found that juvenile steelhead in the Sacramento River basin migrate
downstream during most months of the year, but the peak period of emigration occurred
in the spring, with a much smaller peak in the fall. Emigrating CCV steelhead use the

lower reaches of the Sacramento River and the Delta for rearing and as a migration
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corridor to the ocean. Some juvenile steelhead may use tidal marsh areas, non-tidal
freshwater marshes, and other shallow water areas in the Delta as rearing areas for short

periods prior to their final emigration to the sea (Hallock, et al., 1961).

Status and Trends

NMFS originally listed CCV steelhead as threatened on March 19, 1998, and reaffirmed
their threatened status on January 5, 2006 (71 FR 834). The CCV steelhead DPS may
have consisted of 81 historical and independent populations (Lindley et al., 2006).
Spatial structure and patchiness strongly influenced suitable habitats being isolated due

largely to high summer temperatures on the valley floor.

The species’ present distribution has been greatly reduced with about 80% of historic
habitat lost behind dams and about 38% of habitat patches that supported independent
populations are no longer accessible to steelhead (Lindley, et al., 2006). Existing wild
steelhead stocks in the Central Valley 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 (T. P. Good, et al., 2005). Steelhead have also been
observed in Clear Creek and Stanislaus River (Demko & Cramer, 2000; T. P. Good, et
al., 2005). Until recently, steelhead were considered 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 (T. P. Good, et al., 2005). In 2004, a total of 12 steelhead smolts
were collected in monitoring trawls at the Mossdale station in the lower San Joaquin
River (CDFG unpublished data).
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Figure 44. CCV steelhead distribution
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Historic CCV steelhead run size may have approached one to two million adults annually
(D. R. McEwan, 2001). By the early 1960s, the steelhead run size had declined to about
40,000 adults (D. R. 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 were counted at the
Red Bluff Diversion Dam (RBDD) up until 1993. Counts at the 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. An estimated total annual run size for the entire Sacramento-
San Joaquin system was no more than 10,000 adults during the early 1990s (D. McEwan
& Jackson, 1996; D. R. McEwan, 2001). Based on catch ratios at Chipps Island in the
Delta and using some generous assumptions regarding survival, the average number of
CV steelhead females spawning naturally in the entire Central Valley during the years
1980 to 2000 was estimated at about 3,600 (T. P. Good, et al., 2005).

CCV steelhead lack annual monitoring data for calculating trends and lambda. However,
the RBDD counts and redd counts up to 1993 and later sporadic data show that the DPS

has had a significant long-term downward trend in abundance (NMFS, 2009a).

The CCV steelhead distribution ranged over a wide variety of environmental conditions
and likely contained biologically significant amounts of spatially structured genetic
diversity (Lindley, et al., 2006). Thus, the loss of populations and reduction in
abundances have reduced the large diversity that existed within the DPS. The genetic
diversity of the majority of CCV steelhead spawning runs is also compromised by

hatchery-origin fish.

Critical Habitat

NMFS designated critical habitat for CCV steelhead on September 2, 2005 (70 FR
52488). Critical habitat includes stream reaches such as those of the Sacramento,
Feather, and Yuba Rivers, and Deer, Mill, Battle, and Antelope creeks in the Sacramento

River basin; the lower San Joaquin River to the confluence with the Merced River,
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including its tributaries, and the waterways of the Delta (Figure 45). The total area of
critical habitat includes about 2,300 miles of stream habitat and about 250 square miles of

estuarine habitat in the San Francisco-San Pablo-Suisan Bay estuarine complex.

There are 67 occupied HAS watersheds within the freshwater and estuarine range of this
DPS. Twelve watersheds received a low rating, 18 received a medium rating, and 37
received a high rating of conservation value to the ESU (NMFS, 2005c). Four of these
HSA watersheds comprise portions of the San Francisco-San Pablo-Suisun Bay estuarine

complex which provides rearing and migratory habitat for this ESU.

Table 48. CCV spring-run Chinook salmon CALWATER HSA watersheds with
conservation values

HUC 5 Watershed conservation Value (CV)
HUC 4 Subbasin ) ) Medium . )
High CV PCE(s) cV PCE(s) Low CV | PCE(s)
San Francisco Bay 1 2 0 0
South Bay 0 0 1 2
San Pablo 1 2 0 0
Suisun Bay 1 2 0 0
Tehama 1 1,2,3 1 1,2,3 0
Whitmore 3 1,2,3 2 1,2,3 2 1,2,3
Redding 2 1,2, 3 0 0
Eastern Tehama 4 1,2,3 1 1,2,3 1 1,2,3
Sacramento Delta 1 1,2,3 0 0
Valley Putah-Cache 0 2 1,2,3 0
American River 0 1 1,2,3 0
Marysville 2 1,2,3 1 1,2,3 0
Yuba River 2 1,2,3 0 2 1,2,3
Valley-American 2 1,2,3 0 0
Colusa Basin 4 1,2,3 0 0
Butte Creek 1 1,2,3 1 1,2,3 1 1,2,3
Ball Mountain 1 1,2,3 0 0
Shasta Bally 2 1,2, 3 3 1,2,3 0
North Valley Floor 1 1,2,3 1 1,2,3 1 1,2,3
Middle Sierra 0 0 4 1,2,3
Upper Calaveras 1 1,2,3 0 0
Stanislaus River 1 1,2,3 0 0
San Joaquin Valley 123 1923
Floor 4 ' 3 $ 0
Delta-Mendota
Canal 1 12,3 1 123 0
North Diablo Range 0 1 0
San Joaquin Delta 1 1,2,3 0 0
Total 37 18 12
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1 Numbers in parenthesis refers to the dominant (in river miles) PCE(s) within the HUC 5
watersheds. PCE 1 is spawning and rearing, 2 is rearing and migration, and 3 is migration and
presence. PCEs with < means that the number of river miles of the PCE is much less than river
miles of the other PCE.

The current condition of CCV steelhead critical habitat is degraded, and does not provide
the conservation value necessary for species recovery (Table 48). In addition, the
Sacramento-San Joaquin River Delta, as part of CCV steelhead designated critical
habitat, provides very little function necessary for juvenile CCV steelhead rearing and

physiological transition to salt water.

The spawning PCE is subject to variations in flows and temperatures, particularly over
the summer months. Some complex, productive habitats with floodplains remain in the
system and flood bypasses (i.e., Yolo and Sutter bypasses). However, the rearing PCE is
degraded by the channelized, leveed, and riprapped river reaches and sloughs that are
common in the Sacramento-San Joaquin system and which typically have low habitat
complexity, low abundance of food organisms, and offer little protection from either fish

or avian predators. Stream channels commonly have elevated temperatures.

The current conditions of migration corridors are substantially degraded. Both migration
and rearing PCEs are affected by dense urbanization and agriculture along the mainstems
and in the Delta which contribute to reduced water quality by introducing several
contaminants. In the Sacramento River, the migration corridor for both juveniles and
adults is obstructed by the RBDD gates which are down from May 15 through September
15. The migration PCE is also obstructed by complex channel configuration making it
more difficult for CCV steelhead to migrate successfully to the western Delta and the
ocean. In addition, the state and federal government pumps and associated fish facilities
change flows in the Delta which impede and obstruct for a functioning migration corridor
that enhance migration. The estuarine PCE, which is present in the Delta, is affected by
contaminants from agricultural and urban runoff and release of wastewater treatment

plants effluent.

270



California Central Valley Steelhead DPS
Conservation Value of Hydrologic Sub-Areas

2W
1

Legend

1 :I HUC 4 Boundaries

Prepared by K. Goetschius e
February 2010
Figure 45. California Central Valley Steelhead conservation value per sub-area

271



South-Central California Coast Steelhead

South-Central California Coast (S-CCC) steelhead include all naturally spawned
steelhead populations below natural and manmade impassable barriers in streams from
the Pajaro River (inclusive) to, but not including the Santa Maria River, California. No
artificially propagated steelhead populations that reside within the historical geographic
range of this DPS are included in this designation. The two largest basins overlapping
within the range of this DPS include the inland basins of the Pajaro River and the Salinas
River (Figure 47).

Life History
Only winter steelhead are found in this DPS. Migration and spawn timing are similar to

adjacent steelhead populations. There is limited life history information for steelhead in
this DPS.

Critical Habitat

Critical habitat was designated for this species on September 2, 2005 (70 FR 52488).
There are 29 occupied HSA watersheds within the freshwater and estuarine range of this
ESU. Figure 46 depicts the conservation values for this DPS. The conservation value of
6 watersheds is low, 11 are of medium conservation value, and 12 are of a high
conservation value to the ESU (
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Table 49)(NMFS, 2005c). One of these occupied watershed units is Morro Bay, which is
used as rearing and migratory habitat for steelhead populations that spawn and rear in

tributaries to the Bay.
Migration and rearing PCEs are degraded throughout critical habitat by elevated stream

temperatures and contaminants from urban and agricultural areas. Estuarine PCE is

impacted by most estuaries being breached, removal of structures, and contaminants.
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Table 49. Number of South-Central California Coast steelhead CALWATER HSA
watersheds with conservation values.

HUC 5 Watershed conservation Value (CV)

HUC 4 Subbasin

Medium

High CV PCE(s) ! - PCE(s)' | LowCV | PCE(s)!
Pajaro River 2 (2,3,1) 3 (2,3,1) 0
Carmel River 1 (1, 2,3) 0 0
Santa Lucia 1 (1, 2,3) 0 0
Salinas 2 2,3, 1) 1 (1 2) 4 (iﬁ’
Estero Bay 6 (2,1, 3) 7 (1,2,3) 2 1,2,3)
Total 12 11 6

1 Numbers in parenthesis refers to the dominant (in river miles) PCE(s) within the HUC 5

watersheds. PCE 1 is spawning and rearing, 2 is rearing and migration, and 3 is migration and
presence. PCEs with < means that the number of river miles of the PCE is much less than river

miles of the other PCE.
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Figure 46. South-Central California Coast Steelhead conservation values per sub-area

275



South-Central California Coastal Steelhead DPS
Sub-Basin Range and Distribution
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Figure 47. S-CCC steelhead distribution
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Southern California Steelhead

The Southern California (SC) steelhead DPS includes all naturally spawned steelhead
populations below natural and manmade impassable barriers in streams from the Santa
Maria River, San Luis Obispo County, California, (inclusive) to the U.S. - Mexico Border
(Figure 48). Artificially propagated steelhead that reside within the historical geographic

range of this DPS are not included in the listing.

Life History

There is limited life history information for SC steelhead. In general, migration and life
history patterns of SC steelhead populations are dependent on rainfall and stream flow
(Moore, 1980). Steelhead within this DPS can withstand higher temperatures compared
to populations to the north. The relatively warm and productive waters of the Ventura
River have resulted in more rapid growth of juvenile steelhead compared to the more

northerly populations (Moore, 1980).
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Figure 48 Southern California steelhead distribution
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Status and Trends

NMFS listed the SC steelhead as endangered on August 18, 1997 (62 FR 43937), and
reaffirmed their endangered status on January 5, 2006 (71 FR 834). Historic population
structure and evaluation of potential stratification of the DPS have not been conducted for
this DPS (Table 50).

Table 50. Southern California Steelhead salmon populations, abundances, and hatchery
contributions (T. P. Good, et al., 2005).

_ Historical Most Recent Hatchery

River Abundance Spawner Abur_1dar)ce

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

Construction of dams and corresponding increase in water temperatures have excluded
steelhead distribution in many watersheds throughout southern California. Streams in
southern California with steelhead present have declined over the last decade with a
southward increase in the proportional loss of populations. Consequently, the SC
steelhead have experienced a contraction of its southern range limit (Boughton et al.,
2005). This contraction affects the SC steelhead’s ability to maintain genetic and life

history diversity for adaptation to environmental change

Limited information exists on SC steelhead runs. 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 historically. 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 (Bushy, et al., 1996). Table 50 identifies populations within the SC

Steelhead salmon ESU, their abundances, and hatchery input.
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Critical Habitat

Critical habitat was designated for this species on September 2, 2005 (70 FR 52630).
There are 29 HSA watersheds within the freshwater and estuarine range of this ESU
designated as critical habitat (Table 51). Figure 49 provides conservation values for this
DPS per sub-area. Three watersheds received a low, five received a medium, and 21
received a high conservation value rating for the ESU (NMFS, 2005c).

Table 51. Southern California steelhead CALWATER HSA watersheds with conservation
values

HUC 5 Watershed conservation Value (CV)
HUC 4 Subbasin ) Medium ) )
High CV PCE(s) cv PCE(s) Low CV | PCE(s)
Santa Maria 1 (1,2,3) 0 1 (1,2,3)
Santa Ynez 2 (2,3,1) 2 (1,2, 3) 1 (2,3,1)
South Coast 5 (2,3,1) 0 0
Ventura River 2 (2,3,1) 2 (1,2,3) 0
Santa Clara-
Calleguas 5 (2,3,1) 1 (2,3) 0
Santa Monica Bay 3 (2,1, 3) 0 0
Calleguas 0 0 1 (2, 3)
San Juan 3 (2,3,1) 0 0
Total 21 5 3

1 Numbers in parenthesis refers to the dominant (in river miles) PCE(s) within the HUC 5
watersheds. PCE 1 is spawning and rearing, 2 is rearing and migration, and 3 is migration and
presence. PCEs with < means that the number of river miles of the PCE is much less than river
miles of the other PCE.

All PCEs have been affected by degraded water quality by pollutants from densely
populated areas and agriculture within the DPS. Elevated water temperatures impact
rearing and juvenile migration PCEs in all river basins and estuaries. Rearing and
spawning PCEs have also been affected throughout the DPS by management or reduction
in water quantity. The spawning PCE has also been affected by the combination of
erosive geology and land management activities that have resulted in an excessive

amount of fines in the spawning gravel of most rivers.
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Figure 49. Southern California Steelhead Conservation Values per Sub-area
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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 Proposed Action, and
Cumulative Effects sections of this Opinion. We then evaluate the consequences of
EPA’s actions in combination with the status of the species, environmental baseline and
the cumulative effects to determine the likelihood of jeopardy or adverse modification of
designated critical habitat.

The proposed action under consultation is focused geographically 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 principal natural phenomena

affecting all listed Pacific salmonids under NMFS jurisdiction in the action area.

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, et al., 1997; Brodeur et al., 2004). In
freshwater rearing habitats, the natural mortality rate averages about 70% for all salmonid
species (Bradford, et al., 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
(Bradford, et al., 1997; D. E. Marshall & Britton, 1990). 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 (Foott, Harmon, & Stone, 2003; Kier
Associates, 1991; Walker & Foott, 1993). However, disease outbreaks may occur when
water quality is diminished and fish are stressed from crowding and diminished flows
(Guillen, 2003; B.C. Spence, Lomnicky, Hughs, & Novitzki, 1996). Young coho salmon
or other salmonid species may become stressed and lose their resistance in higher
temperatures (B.C. Spence, 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/steelhead trout, cutthroat trout (Salmo clarki), brown trout
(Salmo trutta), Atlantic salmon (Salmo salar), and Pacific salmon including Chinook,
sockeye, chum, and coho salmon. 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
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of some salmon ESUs/DPSs.
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 (Ford & Ellis, 2006; B. Hanson,
Baird, & Schorr, 2005; Hard, et al., 1992). 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, 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
Lower Columbia River 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 (NMFS,
2008d).

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
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, Riva, & Provini, 2005). Recent
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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 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 (Collis, 2007; D.D. Roby et al., 2006).

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 Bonneville Dam) were second only to steelhead in predation
rates at the East Sand Island colony in 2007 (Daniel D. Roby 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®.
Fish Predation

Pikeminnows (Ptychocheilus oregonensis) are significant predators of yearling juvenile
migrants (Friesen & Ward, 1999). Chinook salmon were 29% of the prey of northern
pikeminnows in lower Columbia reservoirs, 49% in the lower Snake River, and 64%

downstream of Bonneville Dam. Sockeye smolts comprise a very small fraction of the

® On March 15, NMFS authorized lethal removal of up to 460 sea lions over the next five years. The
Humane Society of the U.S. sued to stop the killing and sought injunctive relief. The court denied
emergency injunctive relief but will consider additional injunctive relief most likely by the end of May, and
will consider the merits of the case later this year or early next year. Since the court's denial of an
emergency injunction, several sea lions have been euthanized.
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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. 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 sub-yearling juvenile life history (Friesen & 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 non-salmonid populations 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 (R.J. Beamish & Neville, 1995; R .J.
Beamish, Thomson, & Farlane, 1992; Pearcy, 1992).

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, Jenkins, & Curtis, 2004; Rinne, 2004). Nevertheless, fire is also
one of the dominant habitat-forming processes in mountain streams (P.A. Bisson et al.,
2003). As aresult, 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

those fish and invertebrates that leave a burning area or simply spares some fish that were
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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 salmonids 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 & 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, & Curtis, 2003; Buchwalter, et al., 2004; Minshall, Royer, &
Robinson, 2001). 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, et al.,
2003).

Oceanographic Features, Climatic Variability and Climate Change

Oceanographic features of the action area may influence prey availability and habitat for
Pacific salmonids. These features comprise climate regimes which may suffer regime
shifts due to climate changes or other unknown influences. 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. These Pacific oceanographic conditions, climatic variability, and climate

change may affect salmonids in the action area.

There is evidence that Pacific salmon abundance may have fluctuated for centuries as a
consequence of dynamic oceanographic conditions (R. J. Beamish & Bouillon, 1993; R.
J. Beamish, Sweeting, & Neville, 2009; Finney, Gregory-Eaves, Douglas, & Smol, 2002).
Sediment cores reconstructed for 2,200-year records have shown that Northeastern
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Pacific fish stocks have historically been regulated by these climate regimes (Finney, et
al., 2002). The long-term pattern of the Aleutian Low pressure system has corresponded
to the trends in salmon catch, to copepod production, and to other climate indices,
indicating that climate and the marine environment may play an important role in salmon
production. Pacific salmon abundance and corresponding worldwide catches tend to be
large during naturally-occurring periods of strong Aleutian low pressure causing stormier
winters and upwelling, positive Pacific Decadal Oscillation (PDO), and an above
average Pacific circulation index (R. J. Beamish, et al., 2009). A trend of an increasing
Aleutian Low pressure indicates high pink and chum salmon production and low
production of coho and Chinook salmon (R. J. Beamish, et al., 2009). The abundance
and distribution of salmon and zooplankton also relate to shifts in North Pacific
atmosphere and ocean climate (Francis & Hare, 1994).

Over the past century, regime shifts have occurred as a result of the North Pacific’s
natural climate regime. Reversals in the prevailing polarity of the PDO occurred around
1925, 1947, 1977, and 1989 (Hare & Mantua., 2000; Mantua, Hare, Zhang, Wallace, &
Francis, 1997). The reversals in 1947 and 1977 correspond to dramatic shifts in salmon
production regimes in the North Pacific Ocean (Mantua, et al., 1997). During the pre-
1977 climate regime, the productivity of salmon populations from the Snake River
exceeded expectations (residuals were positive) when values of the PDO were negative
(Levin, 2003). During the post-1977 regime when ocean productivity was generally

lower (residuals were negative), the PDO was negative (Levin, 2003).

A smaller, less pervasive regime shift occurred in 1989 (Hare & Mantua., 2000).
Beamish et al.(2000) analyzed this shift and found a decrease in marine survival of coho
salmon in Puget Sound and off the coast of California to Washington. Trends in coho
salmon survival were linked over the southern area of their distribution in the Northeast
Pacific to a common climatic event. The Aleutian Low Pressure Index and the April
flows from the Fraser River also changed abruptly about this time (R. J. Beamish, et al.,
2000).
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The Intergovernmental Panel on Climate Change (IPCC) has high confidence that some
hydrological systems have been affected through increased runoff and earlier spring peak
discharge in glacier- and snow-fed rivers and through effects on thermal structure and
water quality of warming rivers and lakes (IPCC, 2007). 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 and
hydrological productivity and food webs, including populations of salmon and other

salmonid prey (Hard, et al., 1992).

Carbon dioxide emissions are also predicted to have major environmental impacts along
the west coast of North America during the 21 century and beyond (Climate Impacts
Group (CIG), 2004; IPCC, 2001). Eleven of the past 12 years (1995 - 2006) rank among
the 12 warmest years in the instrumental record of global surface temperature since 1850
(IPCC, 2007). The IPCC predicts that, for the next two decades, a warming of about
0.2°C per decade will occur for a range of predicted carbon dioxide emissions scenarios
(IPCC, 2007). This warming trend continues in both water and air. Global average sea
level has risen since 1961 at an average rate of 1.8 mm/year and since 1993 at 3.1
mm/year, with contributions from thermal expansion, melting glaciers and ice caps, and
the polar ice sheets (IPCC, 2007).

Poor environmental conditions for salmon survival and growth may be more prevalent
with projected warming increases. Increasing climate temperatures can influence smolt
development which is limited by time and temperature (McCormick et al., 2009). Food
availability and water temperature may affect proper maturation and smoltification and
feeding behavior (Mangel, 1994). Climate change may also have profound effects on
seawater entry and marine performance of anadromous fish, including increased salinity
intrusion in estuaries due to higher sea levels, as well as a projected decrease of seawater
pH (Orr et al., 2005). There is evidence that Chinook salmon survival in the Pacific
during climate anomalies and EI Nino events changes as a result of a shift from
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predation- to competition-based mortality in response to declines in predator and prey
abundances and increases in pink salmon abundance (Ruggerone & Goetz, 2004). If
climate change leads to an overall decrease in the availability of food, then returning fish
will likely be smaller (Mangel, 1994). Finally, future climatic warming could lead to
alterations of river temperature regimes, which could further reduce available fish habitat
(YYates et al., 2008).

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 coincides with relatively poor ocean habitat for most
Pacific Northwest salmon populations (Climate Impacts Group (CIG), 2004; IPCC,
2001).

We expect changing weather and oceanographic conditions may affect prey availability,
temperature and water flow in habitat conditions, and growth for all 28 ESUs/DPSs.
Consequently, we expect the long-term survival and reproductive success for listed

salmonids to be greatly affected by global climate change.

In addition to changes in hydrological regimes that will affect salmon, climate change
will affect agriculture as rainfall and temperature patterns shift. Some crops currently
well-suited for particular regions may instead be grown in alternate locations,

Agricultural pest pressures are also likely to change over time. Both the shifts in crop

location and pest pressure are likely to change pesticide use patterns.

Anthropogenic Mortality Factors

In this section we address anthropogenic threats in the geographic regions across the
action area. Land use activities associated with logging, road construction, urban
development, mining, agriculture, and recreation have significantly altered fish habitat
quantity and quality. Impacts associated with these activites include: (1) alteration of
streambank and channel morphology; (2) alteration of ambient stream temperatures; (3)

degradation of water quality; (4) elimination or degradation of spawning and rearing
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habitat; (5) fragmentation of available habitats: and (6) removal or impairment of riparian

vegetation — resulting in increased water temperatures and streambank erosion.

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. 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 oryzalin, pendimethalin, and trifluralin in the
U.S. and its territories. Some of these chemicals have been in use for multiple decades,
they have documented presence in our nation’s rivers, and thus over the years have
contributing effects to the environmental baseline. As water temperature plays such a
strong role in salmonid distribution, we also provide a general discussion of
anthropogenic temperature impacts. Next, we discuss the health of riparian systems and
floodplain connectivity, as this habitat is vital to salmonid survival. Finally, we provide a
brief overview of the results of section 7 consultations relevant to this analysis.

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 et al., 2006). We chose this approach because the NAWQA
studies present the same level of analysis for each area. Further, given the lack of
uniform reporting standards, we are unable to present a comprehensive basin-specific

analysis of detections from other sources.

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
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as the parent pesticides depending on their rate of formation and their relative persistence.

In the Exposure section of the Effects of the Proposed Action we present a more
comprehensive discussion of available monitoring data from the NAWQA program, state
databases maintained by California, Oregon, and Washington, and other targeted

monitoring studies.
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
from streams in watersheds with agricultural, urban, and mixed land use (Gilliom, et al.,
2006).

Twenty-four pesticides and one degradate were each detected in over 10% of streams in
agricultural, urban, or mixed land use areas. These 25 compounds include 11 agriculture-
use herbicides and the atrazine degradate deethylatrazine; 7 urban-use herbicides; and 6
insecticides used in both agricultural and urbanareas. Five of the insecticides were
carbaryl, carbofuran, chlorpyrifos, diazinon, and malathion. NMFS assessed the effects
of these five insecticides on listed salmonids in its 2008 and 2009 Opinions (NMFS,
2008e, 2009c).

Another dimension of pesticides and their degradates in the aquatic environment is their
simultaneous occurrence as mixtures (Gilliom, 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
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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, et al., 2006). Fish exposed to multiple
pesticides at once 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 leads 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. NAWQA analysis of all detections indicates that more
than 6,000 unique mixtures of 5 pesticides were detected in agricultural streams (Gilliom,

et al., 2006). The number of unique mixtures varied with land use.

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. In agricultural streams, most
concentrations that exceeded an aquatic life benchmark involved chlorpyrifos (21%),
azinphos methyl (19%), atrazine (18%), p,p -DDE (16%), and alachlor (15%) (Gilliom,
et al., 2006). 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
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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,

sedimentation, and manure.

According to EPA’s database of NPDES permits, about 243 NPDES individual 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/DPS maps for NPDES permits co-
located within listed salmonid ESUs/DPSs within the states of California, Idaho, Oregon,

and Washington in the Status of Listed Resources chapter.

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. On January 7, 2009, the Sixth Circuit Court
of Appeals vacated this rule (National Cotton Council v. EPA, 553 F.3d 927 (6th Cir.

2009)). The result of the vacature, according to the Sixth Circuit, is that “discharges of
pesticide pollutants are subject to the NPDES permitting program” under the CWA. In
response, EPA has developed a Pesticide General Permit through the NPDES permitting
program to regulate such discharges. The permit is currently undergoing Section 7

consultation.

Baseline Water Temperature - Clean Water Act

Elevated temperature is considered a pollutant in most states with approved Water
Quiality Standards under the federal Clean Water Act (CWA) of 1972. Under the
authority of 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
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— are impaired by pollutants. This process is in accordance with section 303(d) of the
CWA. Estuaries, lakes, and streams listed under 303(d) are those that are considered
impaired or threatened by pollution. They are water quality limited, do not meet state
surface water quality standards, and are not expected to improve within the next two

years.

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.

After states develop their lists of impaired waters, they are required to prioritize and
submit their lists to EPA for review and approval. Each state establishes a priority
ranking for such waters, considering the severity of the pollution and the uses to be made
of such waters. 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.

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 to 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, reduce egg survival,
retard growth of fry and smolts, reduce rearing densities, increase susceptibility to
disease, decrease the ability of young salmon and trout to compete with other species for
food, and to avoid predation (McCullough, 1999; B.C. Spence, et al., 1996). Migrating
adult salmonids and upstream migration can be delayed by excessively warm stream
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temperatures. Excessive stream temperatures may also negatively affect incubating and

rearing salmonids (S. V. Gregory & Bisson, 1997).

Sublethal temperatures (above 24°C) could be detrimental to salmon by increasing
susceptibility to disease (Colgrove & Wood, 1966) or elevating metabolic demand (J.R.
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

Table 52. 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
Geographic Information System (GIS) layers, we determined the number of km on the
303(d) list for exceeding temperature thresholds within the boundaries of each ESU/DPS
(Table 53). Because the 303(d) list is limited to the subset of rivers tested, the chart
values should be regarded as lower-end estimates. Each of the four states are in the
process of finalizing their 2010 Water Quality Integrated Reports, complete with 303(d)
list.

While some ESU/DPS 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/DPSs. Increased water temperature

may result from wastewater discharge, decreased water flow, minimal shading by
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riparian areas, and climatic variation.

Table 53. Number of kilometers of river, stream and estuaries included in state 303(d) lists
due to temperature that are located within each salmonid ESU/DPS. Data was taken from

the most recent GIS layers available from state water quality assessments reports.*

Species ESU California | Oregon | Washington Idaho Total
Puget Sound - - 373.7 - 373.7
Lower Columbia River - 147.0 218.6 - 365.6
Upper Calumbia River - - 193 - | 10s
Snake River Fall - Run - - 113.4 160.2 273.6
Chinook | Snake River - 121.1 111.7 2759 | 508.7
Salmon | Spring/Summer - Run
Upper Willamette River - 533.0 - - 533.0
California Coastal 9,623.5 - - - 9,623.5
ggz;rgl_\éalljlﬁy 29.9 - - - 29.9
oameroRver | e | - | - | - | 2
| oo e [ e
Salmon I = jumbia River - 95.0 216.2 - 311.2
Lower Columbia River - 99.2 2215 - 320.7
Coho Oregon Coast - 920.4 - - 920.4
S | s | 11045 | o045 | = | - |10
Central California Coast 4,731.7 - - - 4,731.7
Sockeye Ozette Lake - - 225 - 225
Salmon | snake River - - - 0.0 0.0
Puget Sound - - 373.7 - 373.7
Lower Columbia River - 147.0 140.3 - 287.3
Upper Willamette River - 299.0 - - 299.0
Middle Columbia River - 1498.5 209.4 - 1707.9
Upper Columbia River - - 335 - 33.5
Steelnead g ke River - 121.1 111.7 739.8 | 972.6
Northern California 6,7920.0 - - - 6,7920.0
Central California Coast 2,948.8 - - - 2,948.8
California Central Valley 367.8 - - - 367.8
South-Central 282 8 B B B 282 8

California Coast
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Southern California 151.5 - - - 151.5

*CA 2010, Oregon 2004-06, Washington 2008, and Idaho 2008. (California EPA TMDL Program
2011, Oregon Department of Environmental Quality 2008, Washington State Department of
Ecology 2009, Idaho Department of Environmental Quality 2009).

Baseline Habitat Condition

As noted above in the Status of the Species section, the riparian zones for many of the
ESUs/DPSs are degraded. 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 characterized by emergent aquatic plants and
species that thrive on close proximity to water, such as willows. This vegetation
maintains a healthy river system by reducing erosion, stabilizing main channels, and
providing shade. Leaf litter that enters the river becomes an important source of nutrients
for invertebrates (P. A. Bisson & Bilby, 2001). Riparian zones are also the major source
of large woody debris (LWD). When trees fall and enter the water, they become an
important part of the ecosystem. The LWD alters the flow, creating the pools of slower
moving water preferred by salmon (R. E. Bilby, Fransen, Walter, & Scarlett, 2001).
While not necessary for pool formation, LWD is associated with around 80% of pools in
northern California, Washington, and the Idaho pan-handle (R. E. Bilby & Bisson, 2001).

Bilby and Bisson (2001) discuss several studies that associate increased LWD with
increased pools, and both pools and LWD with salmonid productivity. Their review also
includes documented decreases in salmonid productivity following the removal of LWD.
Other benefits of LWD include deeper pools, increased sediment retention, and channel

stabilization.

Floodplains are relatively flat areas adjacent to larger streams and rivers. They allow for
the lateral movement of the main channel and provide storage for floodwaters during
periods of high flow. Water stored in the floodplain is later released during periods of

low flow. This process ensures adequate flows for salmonids during the summer months,
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and reduces the possibility of high-energy flood events destroying salmonid redds (C. J.
Smith, 2005).

Periodic flooding of these areas creates habitat used by salmonids. Thus, floodplain areas
vary in depth and widths and may be intermittent or seasonal. Storms also wash sediment
and LWD into the main stem river, often resulting in blockages. These blockages may
force the water to take an alternate path and result in the formation of side channels and
sloughs (Benda, Miller, Dunne, Reeves, & Agee, 2001). Side channels and sloughs are
important spawning and rearing habitat for salmonids. The degree to which these off-
channel habitats are linked to the main channel via surface water connections is referred
to as connectivity (PNERC, 2002). As river height increases with heavier flows, more
side channels form and connectivity increases. Juvenile salmonids migrate to and rear in

these channels for a certain period of time before swimming out to the open sea.

Healthy riparian habitat and floodplain connectivity are vital for supporting a salmonid
population. Chinook salmon and steelhead have life history strategies that rely on
floodplains during their juvenile life stages. Chum salmon use adjacent floodplain areas
for spawning. Soon after their emergence, chum salmon use the riverine system to
rapidly reach the estuary where they mature, rear, and migrate to the ocean. Coho salmon
use the floodplain landscape extensively for rearing. Estuarine floodplains can provide

value to juveniles of all species once they reach the salt water interface.

Once floodplain areas have been disturbed, it can take decades for their recovery (C. J.
Smith, 2005). Consequently, most land use practices cause some degree of impairment.
Development leads to construction of levees and dikes, which isolate the mainstem river
from the floodplain. Agricultural development and grazing in riparian areas also
significantly change the landscape. Riparian areas managed for logging, or logged in the
past, are often impaired by a change in species composition. Most areas in the northwest
were historically dominated by conifers. Logging results in recruitment of deciduous

trees, decreasing the quality of LWD in the rivers. Deciduous trees have smaller
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diameters than conifers; they decompose faster and are more likely to be displaced (C. J.
Smith, 2005).

Without a properly functioning riparian zone, salmonids contend with a number of
limiting factors. They face reductions in quantity and quality of both off-channel and
pool habitats. Also, when seasonal flows are not moderated, both higher and lower flow
conditions exist. Higher flows can displace fish and destroy redds, while lower flows cut
off access to parts of their habitat. Finally, decreased vegetation limits the available

shade and cover, exposing individuals to higher temperatures and increased predation.

Baseline Pesticide Consultations

NMFS has consulted with EPA on the registration of several pesticides. NMFS (NMFS,
2008c) determined that current use of chlorpyrifos, diazinon, and malathion is likely to
jeopardize the continued existence of 27 listed salmonid ESUs/DPSs. NMFS (NMFS,
2009b) further determined that current use of carbaryl and carbofuran is likely to
jeopardize the continued existence of 22 ESUs/DPSs; and the current use of methomyl is
likely to jeopardize the continued existence of 18 ESUs/DPSs of listed salmonids. NMFS
also published conclusions regarding the registration of 12 different a.i.s (NMFS, 2010).
NMFS concluded that pesticide products containing azinphos methyl, disulfoton,
fenamiphos, methamidophos, or methyl parathion are not likely to jeopardize the
continuing existence of any listed Pacific Salmon or destroy or adversely modify
designated critical habitat. NMFS also concluded that the effects of products containing
bensulide, dimethoate, ethoprop, methidathion, naled, phorate, or phosmet are likely to
jeopardize the continued existence of some listed Pacific Salmonids and to destroy or
adversely modify designated habitat of some listed salmonids. Most recently, NMFS
issued a biological opinion on the effects of four herbicides and two fungicides (link to
Batch 4 Opinion). NMFS concluded that products containing 2,4-D are likely to
jeopardize the existence of all listed salmonids, and adversely modify or destroy the
critical habitat of dome ESU / DPSs. Products containing chlorothalonil or diuron were
also likely to adversely modify or destroy critical habitat, but not likely to jeopardize

listed salmonids. NMFS also concluded that products containing captan, linuron, or
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triclopyr BEE do not jeopardize the continued existence of any ESUs/DPSs of listed

Pacific salmonids or adversely modify designated critical habitat.

Geographic Regions

For a more fine scale analysis, we divided the action area into geographic regions: the
Southwest Coast Region (California and the southern parts of the State of Oregon) and
the Pacific Northwest Region (Idaho, Oregon, and Washington). The Pacific Northwest
Region was further subdivided according to ecoregions or other natural features
important to NMFS trust resources. Use of these geographic regions is consistent with
previous NMFS consultations conducted at the national level (NMFS, 2007). We
summarize the principal anthropogenic factors occurring in the environment that
influence the current status of listed species within each region. Table 54 provides a
breakdown of these regions and includes the USGS subregions and accounting units for
each region. It also provides a list of ESUs/DPSs found in each accounting unit, as

indicated by Federal Register listing notices.

Table 54. USGS Subregions and accounting units within the Northwest and Southwest
Regions, along with ESUs/DPSs present within the area (Seaber, Kapinos, & Knapp, 1987).

Region — HEEBITTING | gy | ALE ESU/DPS
Subregion Unit no.
Upper Columbia Spring-
Upper run Chinook; Upper
Columbia — WA | 170200 Columbia Steelhead;
River Basin Middle Columbia
Steelhead
Yakima River Middle Columbia
Basin —| WA/ 170300 Steelhead
Pacific Snake River S_teelhead;
Northwest: Lower D, Snake River
Columbia River Snake | OR, | 170601 |  SPring/Summer-run
Basin River Basin WA Chinook; _Snake River
Fall-run Chinook; Snake
Lower Snake River Sockeye
River Basin Snake River Steelhead;
Snake River
Salmon Spring/Summer - Run
River Basin ID | 170602 Chinook; Snake River
Fall - Run Chinook;
Snake River Sockeye
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Region USGS | Accounting | gipp | HUC ESU/DPS
Subregion Unit no.
Clearwater D Snake River Steelhead;
: ; ' [ 170603 Snake River Fall - Run
River Basin WA .
Chinook
Middle Columbia
Middle OR Steelhead; Lower
Columbia [ 170701 Columbia Chinook;
, . WA . .
Middle | River Basin Columbia Chum; Lower
Columbia Columbia Coho
River Basin John Day Middle Columbia
River Basin OR | 170702 Steelhead
Deschutes Middle Columbia
River Basin OR | 170703 Steelhead
Lower Columbia Chinook;
LOW?V OR Columbia Chum; Lower
Ri\?;'”égg;ﬁ —| wa | 170800 Columbia Steelhead;
Lower Columbia Coho
Upper Willamette
Chinook; Upper
Willamette Willamette Steelhead;
. . — OR | 170900 | Lower Columbia Chinook;
River Basin .
Lower Columbia
Steelhead; Lower
Columbia Coho
Wwashington |\ s | 171001 |  Ozette Lake Sockeye
Coastal
Pacific Northern
Northwest: Oregon- Oregon OR | 171002 Oregon Coast Coho
; Washington Coastal
Coastal Coastal Basi
Drainages oastal basin Oregon Coast Coho;
Southern
Southern Oregon and
Oregon OR | 171003 . X
Northern California Coast
Coastal
Coho
. Puget Sound Chinook;
Pacific Hood Canal Summer -
Northwest: Puget Sound — WA | 171100 hum: d
Puget Sound Run Chum; Puget Soun
Steelhead
Southern Oregon and
Northern California Coast
Northern Coho; California Coastal
. . Chinook; Northern
Klamath- C%g(;rsr][:} CA | 180101 California Steelhead:
Southwest Northern Central California Coast
Coast California Steelhead; Central
Coastal California Coast Coho
Southern Oregon and
. KIamth CA, 180102 | Northern California Coast
River Basin OR Coho
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Region S woles Accounting | gine | HUC ESU/DPS
ubregion Unit no.
Central Valley Spring-run
Sacramento Lower Chinook; California
River Basin Sa}cramen'go CA | 180201 | Central VaIIey'SteeIh'ead;
River Basin Sacramento River Winter-
run Chinook
San Joaquin California Central Valley
River Basin o CA | 180400 Steelhead
Central California Coast
Steelhead; Southern
San Francisco Orggoq and Northern
Bay — CA | 180500 California C}oas} Coho;
Central California Coast
Coho; Sacramento River
Winter-run Chinook
Central California Coast
Steelhead; Southern
Oregon and Northern
California Coast Coho;
Central South-Central California
California — CA | 180600 Coast Steelhead;
Coastal Southern California
Steelhead; Central
California Coast Coho;
Sacramento River Winter-
run Chinook
Ventura- I
San Gabriel | CA | 180701 |  Southern California
Southern Steelhead
. . Coastal
California
Coastal Sal‘naglij;;(; ca | 180703 Southern California
Steelhead
Coastal
Southwest Coast Region

The basins in this section occur in the States of California and the southern parts of

Oregon. Ten of the 28 species addressed in the Opinion occur in the Southwest Coast

Region. They are the California Coastal Chinook (CC) salmon, Central Valley (CV)

Spring-run Chinook salmon, Sacramento River winter-run Chinook salmon, Southern

Oregon/Northern California Coast (SONCC) coho salmon, Central California Coast

(CCC) coho salmon, Northern California (NC) steelhead, Central California Coast (CCC)
steelhead, California Central Valley (CCV) steelhead, South-Central California Coast (S-
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CCC) steelhead, and Southern California (SC) steelhead (Table 54). Table 55 and Table

56 show land area in kmz2 for each ESU/DPS located in the Southwest Coast Region.
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Table 55. Area of land use categories within the range Chinook and Coho Salmon ESUs in
kmz2. The total area for each category is given in bold. Land cover was determined via the
National Land Cover Database 2006, developed by the Multi-Resolution Land
Characteristics (MRLC) Consortium, a consortium of nine federal agencies (USGS, EPA,
USFS, NOAA, NASA, BLM, NPS, NRCS, and USFWS). Land cover class definitions are
available at: http://www.mrlc.gov/nlcd_definitions.php

Land Cover Chinook Salmon Coho Salmon
CA Central Sacramento S Oregon Central
sub category code | Coastal Valley River and N CA CA Coast
Water 128 367 367 205 158
Open Water 11 128 367 367 194 158
Perennial Snow/Ice 12 0 0 0 11 0
Developed Land 1,139 2,755 2,755 1,979 996
Open Space 21 828 1,174 1,174 1,390 630
Low Intensity 22 140 635 635 238 173
Medium Intensity 23 98 616 567 97 141
High Intensity 24 11 153 153 24 32
Barren Land 31 62 178 178 230 21
Undeveloped Land 19,067 15,063 15,063 43,324 9,169
Deciduous Forest 41 838 657 657 1,041 208
Evergreen Forest 42 10,642 3,707 3,707 27,253 4,744
Mixed Forest 43 1,547 476 476 2,394 921
Shrub/Scrub 52 3,858 3,245 3,245 9,652 1,630
Herbaceous 71 2,118 6,261 6,261 2,798 1,628
Woody Wetlands 90 43 189 189 130 25
Emergent Wetlands 95 20 527 527 56 13
Agriculture 406 5,796 5,796 1,189 249
Hay/Pasture 81 182 754 754 719 6
Cultivated Crops 82 224 5,043 5,043 470 243
TOTAL (inc. open water) | 20,740 23,982 23,982 46,697 10,572
TOTAL (w/o open water) | 20,612 23,615 23,615 46,503 10,414
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Table 56. Area of Land Use Categories within the Range of Steelhead Trout DPSs (km?).
The total area for each category is given in bold. Land cover was determined via the
National Land Cover Database 2006, developed by the Multi-Resolution Land
Characteristics (MRLC) Consortium, a consortium of nine federal agencies (USGS, EPA,
USFS, NOAA, NASA, BLM, NPS, NRCS, and USFWS). Land cover class definitions are
available at: http://www.mrlc.gov/nlcd_definitions.php

Land Cover Steelhead
Central South-
Northern CA CA Central Central Southern

sub category code CA Coast Valley CA coast CA
Water 92 1,426 422 114 161
Open Water 11 92 1,426 422 114 161
Perennial Snow/lce 12 0 0 0 0 0
Developed Land 748 3,725 3,534 1,765 7,517
Open Space 21 612 1,234 1,472 1,019 2,013
Low Intensity 22 50 890 792 249 1,825
Medium Intensity 23 32 1,244 837 173 2,800
High Intensity 24 3 333 211 23 780
Barren Land 31 53 24 222 300 99
Undeveloped Land 16,139 10,949 19,138 14,968 12,911
Deciduous Forest 41 752 179 744 2 1
Evergreen Forest 42 9,751 2,501 3,942 1,730 932
Mixed Forest 43 1,154 2,092 593 1,924 989
Shrub/Scrub 52 2,936 2,262 3,786 4,957 8,265
Herbaceous 71 1,495 3,509 9,396 6,193 2,594
Woody Wetlands 90 33 37 245 93 8379
Emergent Wetlands 95 19 369 431 69 51
Agriculture 194 545 10,507 1,497 1,016
Hay/Pasture 81 178 35 1,640 196 161
Cultivated Crops 82 15 511 8,867 1,301 8550
TOTAL (inc. open water) 17,173 16,645 33,601 18,344 21,604
TOTAL (w/o open water) 17,081 15,220 33,179 18,230 21,443

Select watersheds described herein characterize the past, present, and future human
activities and their impacts on the area. The Southwest Coast region encompasses all
Pacific Coast rivers south of Cape Blanco, Oregon through southern California. NMFS
has identified the Cape Blanco area as an ESU biogeographic boundary for Chinook and
coho salmon, and steelhead based on strong genetic, life history, ecological and habitat

differences north and south of this landmark. Major rivers contained in this grouping of
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watersheds are the Sacramento, San Joaquin, Salinas, Klamath, Russian, Santa Ana, and
Santa Margarita Rivers (Table 57).

Table 57. Select rivers in the southwest coast region (Carter & Resh, 2005).

Approx Basin MIEET Mean b, No
Watershed Length Size Pfllyspgrapr:lc P Ar.‘”.“a'. Discharge S F'Sh Endangered
(mi) (mid) rovinces recipitation (cfs) pecies Species
(in) (native)
Rogue River 211 5,154 CS, PB 38 10,065 23 (14) 11
Klamath River 287 15,679 | PB,B/R,CS 33 17,693 48 (30) 41
Eel River 200 3,651 PB 52 7,416 25 (15) 12
Russian River 110 1,439 PB 41 2,331 41 (20) 43
Sacé?\';gf”to 400 | 27,850 | PB,CS, BIR 35 23,202 | 69 (29) | >50 T & E spp.
Sa”Ffif/’gﬁ“'” 348 | 83,409 PB, CS 49 4,662 63 | >50T &E spp.
Salinas River 179 4,241 PB 14 448 36 (16) 42 T & E spp.
Santa Ana River 110 2,438 PB 13 60 45 (9) 54
Sa”taR'\ifg:ga”ta 27 1,896 LC, PB 49.5 42 17 (6) 52

* Physiographic Provinces: PB = Pacific Border, CS = Cascades-Sierra Nevada Range, B/R =
Basin & Range.

Land Use

Table 58 displays major landuse categories in California. Within the Southwest Coast
Region, forest and vacant land are the dominant land uses. Grass, shrubland, and urban
uses are the dominant land uses in the southern basins (Table 58). Overall, the most
developed watersheds are the Santa Ana, Russian, and Santa Margarita rivers. The Santa
Ana watershed encompasses portions of San Bernardino, Los Angeles, Riverside, and
Orange counties. About 50% of the coastal subbasin in the Santa Ana watershed is
dominated by urban land uses and the population density is about 1,500 people per square
mile. When steep and undevelopable lands are excluded from this area, the population
density in the watershed is about 3,000 people per square mile. However, the most
densely populated portion of the basin is near the City of Santa Ana. Here, the
population density reaches 20,000 people per square mile (Belitz et al., 2004; Burton,
Izbicki, & Paybins, 1998). The basin is home to nearly 5 million people and this
population is projected to increase two-fold in the next 50 years (Belitz, et al., 2004,
Burton, et al., 1998).
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Table 58. Land uses and population density in several southwest coast watersheds

(Carter & Resh, 2005).

Watershed Land Use Categories (Percent) Density_2
Agriculture Forest Urban Other (people/mi®)
Rogue River 6 83 <1 9 grass & shrub 32
. 24 grass, shrub,
Klamath River 6 66 <1 wetland 5
Eel River 2 65 <1 31 grass & shrub 9
Russian River 14 50 3 31 (23 162
grassland)
Sacramento River 15 49 2 30 grass & shrub 61
San Joaquin River 30 27 2 36 grass & shrub 76
Salinas River 13 17 1 grggs(lga d) 26
Santa Ana River 11 57 32 865
Santa Margarita River 12 11 3 71 grass & shrub 135
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Figure 50. Landuse in Southwest Region. Using the National Land Cover Database 2006.
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As a watershed becomes urbanized, human population increases and changes occur in
stream habitat, water chemistry, and the biota (plants and animals) that live there. The
most obvious effect of urbanization is the loss of natural vegetation which results in an
increase in impervious cover and dramatic changes to the natural hydrology of urban
streams. Urbanization generally results in land clearing, soil compaction, modification
and/or loss of riparian buffers, and modifications to natural drainage features (Richter,
2002). The increased impervious cover in urban areas leads to increased volumes of
runoff, increased peak flows and flow duration, and greater stream velocity during storm

events.

Runoff from urban areas also contains all the chemical pollutants from automobile traffic
and roads as well as those from industrial sources and residential use. Urban runoff is
also typically warmer than receiving waters and can significantly increase temperatures
in small urban streams. Warm stream water is detrimental to native aquatic life resident
fish and the rearing and spawning needs of anadromous fish. Wastewater treatment
plants (WWTP) replace septic systems, resulting in point discharges of nutrients and
other contaminants not removed in the processing. Additionally, some cities have
combined sewer/stormwater overflows and older systems may discharge untreated
sewage following heavy rainstorms. WWTP outfalls often discharge directly into the
rivers containing salmonids. These urban nonpoint and point source discharges affect the

water quality and quantity in basin surface waters.

In many basins, agriculture is the major water user and the major source of water
pollution to surface waters. During general agricultural operations, pesticides are applied
on a variety of crops for pest control. These pesticides may contaminate surface water
via runoff especially after rain events following application. Agricultural uses of the a.i.s
are described in the Description of the Proposed Action. Pesticide detection data for
these same a.i.s are reported in the Monitoring subsection of the Effects chapter.

Pesticide Reduction Programs in the Southwest Coast Region
When using these three a.i.s, growers must adhere to the court-ordered injunctive relief,

311



requiring buffers of 20 yards for ground application and 100 yards for any aerial
application. These measures are mandatory in all four states, pending completion of

consultation.

California State Code does not include specific limitations on pesticide application aside
from human health protections. It only includes statements advising that applicators are

required to follow all federal, state, and local regulations.

Additionally, pesticide reduction programs already exist in California to minimize levels
of the above a.i.s into the aquatic environment. Monitoring of water resources is handled
by the California Environmental Protection Agency’s Regional Water Boards. Each
Regional Board makes water quality decisions for its region including setting standards
and determining waste discharge requirements. The Central Valley Regional Water
Quality Control Board (CVRWQCB) addresses issues in the Sacramento and San Joaquin
River Basins. These river basins are characterized by crop land, specifically orchards,
which historically rely heavily on organophosphates for pest control.

In 2003, the CVRWQCB adopted the Irrigated Lands Waiver Program (ILWP).
Participation was required for all growers with irrigated lands that discharge waste which
may degrade water quality. However, the ILWP allowed growers to select one of three
methods for regulatory coverage (Markle, Kalman, & Klassen, 2005). These options
included: 1) join a Coalition Group approved by the CVRWQCB, 2) file for an
Individual Discharger Conditional Waiver, and 3) comply with zero discharge regulation
(Markle, et al., 2005). Many growers opted to join a Coalition as the other options were
more costly. Coalition Groups were charged with completing two reports — a Watershed
Evaluation Report and a Monitoring and Reporting Plan. The Watershed Evaluation
Report included information on crop patterns and pesticide/nutrient use, as well as
mitigation measures that would preve