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



action (50 CFR §402.14(a)). Federal agencies are exempt from this general requirement
if they have concluded, 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”
endangered species, threatened species or designated critical habitat (50 CFR

§420.14(b)).

The United States (U.S.) Environmental Protection Agency (EPA) initiated consultation
with NMFS on its proposals to authorize use, pursuant to the Federal Insecticide,
Fungicide, and Rodenticide Act (FIFRA), 7 U.S.C. 136 et seq., of pesticide products
containing the active ingredients (a.i.s) of 2,4-D, triclopyr BEE, diuron, linuron, captan,
and chlorothalonil from August 1, 2003 through December 1, 2004. EPA authorization
of pesticide uses are categorized as FIFRA sections 3 (new product registrations), 4
(reregistrations and special review), 18 (emergency use), or 24(c) [Special Local Needs
(SLN)]. At that time, EPA determined that uses of pesticide products containing these
ingredients “may affect” some, most or all (depending on a.i.) of the 26 Evolutionarily
Significant Units (ESUs) of Pacific salmonids listed as endangered or threatened and
designated critical habitat for the ESUs. This document represents NMFS’ biological
opinion (Opinion) on the impacts of EPA’s authorizations of pesticide products
containing the above-mentioned a.i.s on the listed ESUs, plus on two newly listed
salmonids. This is a partial consultation because pursuant to the court’s order, EPA
sought consultations on only this group of listed species under NMFS’ jurisdiction.
However, even though the court’s order did not address the two more recently listed
salmonids, NMFS analyzed the impacts of EPA’s action to them because they belong to
the same taxon. NMFS analysis requires consideration of the same information.
Consultation with NMFS will be completed for registration of each a.i.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 §402.02. Instead, we relied on the statutory provisions of the ESA to complete

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

This Opinion is based on NMFS’ review of the package of information the EPA
submitted with its 2003 and 2004 requests for formal consultation on the proposed
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 from prior research, Opinions on similar research, published and
unpublished scientific information on the biology and ecology of threatened and
endangered salmonids in the action area, and other sources of information gathered and
evaluated during the consultation on the proposed authorizations of the a.i.s 2,4-D,
triclopyr BEE, diuron, linuron, captan and chlorothalonil. 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, and exposure
models run by NMFS. NMEFS also considered information and comments provided by
EPA and by the registrants identified as applicants by EPA. Finally, NMFs considered
comments on the draft RPAs that were provided by EPA, applicants, state agencies,

stakeholders, and members of the public.

Background

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

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

On July 2, 2002, the court ruled that EPA had violated ESA section 7(a)(2) and ordered
EPA to initiate interagency consultation and make determinations regarding effects to the
salmonids on all 54 a.i.s by December 2004. Washington Toxics Coalition v. EPA, CO1-
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 legal complaint in the U.S. District Court for the Western District of Washington,
Civ. No. 07-1791, against NMFS for its unreasonable delay in completing the section 7

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

On July 30, 2008, NMFS and the plaintiffs entered into a settlement agreement with the
Northwest Coalition for Alternatives to Pesticides. NMFS agreed to complete
consultation within four years on 37 a.i.s. (EPA had concluded that 17 of the 54 a.i.s at
issue in the first litigation would not affect any listed salmonid species or any of their

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

On November 18, 2008, NMFS issued its first Opinion for three organophosphates:

chlorpyrifos, diazinon, and malathion.

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

carbofuran, and methomyl.

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.

The current consultation evaluates 4 herbicides: 2,4-D, triclopyr BEE, diuron and

linuron; and 2 fungicides: captan and chlorothalonil. EPA consultations on pesticide



products currently focus on their effects to listed Pacific salmonids. EPA consultations

remain incomplete until all protected species under NMFS’ jurisdiction are covered.

Consultation History

Between August 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 six a.i’s: 2,4-D, triclopyr BEE, diuron, linuron, captan, and
chlorothalonil and detailing their effects determinations on 26 ESUs of Pacific salmonids
listed at that time (Puget Sound steelhead and Lower Columbia River coho were not
evaluated). In the BE’s, and summarized in Table 1, EPA’s Office of Pesticide Programs
(OPP) determined that the use of 2,4-D may adversely affect 26 ESUs. EPA determined
that the continued use of triclopyr BEE may adversely affect 16 ESUs, and is not likely to
adversely affect 10 ESUs. For Diuron, EPA determined its continued use may adversely
affect 25 ESUs and is not likely to adversely affect Lake Ozette sockeye salmon. EPA
determined the use of linuron will have no effect on 19 ESUs, and is not likely to
adversely affect 7 ESUs. Considering the fungicides captan and chlorothalonil, EPA
determined the continued use of captan will not affect 13 ESUs, is not likely to adversely
affect 11 ESUs, but may adversely two ESUs. EPA determined that the continued use of
chlorothalonil will have no affect on six ESUs, is not likely to adversely affect 11 ESUs,

and may adversely affect nine ESUs

On June 28, 2005, NMFS listed the Lower Columbia River coho salmon ESU as
threatened. Given this recent listing, EPA’s 2003 and 2004 effects determinations for
2,4-D, triclopyr BEE, diuron, linuron, captan, and chlorothalonil on listed Pacific

salmonids lack an effects determination for the Lower Columbia River coho salmon.

On May 22, 2007, NMFS listed the Puget Sound Steelhead Distinct Population Segment
(DPS) as threatened. Given this recent listing, EPA’s 2003 and 2004 effects
determinations for 2,4-D, triclopyr BEE, diuron, linuron, captan, and chlorothalonil on

listed Pacific salmonids lack an effects determination for the Puget Sound steelhead.



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

procedures for conflict resolution.

On February 11, 2008, NMFS listed the Oregon Coast coho salmon evolutionarily
significant unit (ESU) as threatened. This ESU was considered in EPA’s Biological

Assessments for the six a.i.s.

On August 20, 2008, NMFS met with EPA and requested EPA to identify applicants for

this and subsequent pesticide consultations.

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

subsequent pesticide consultations.

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

reports will be sent directly from EPA to NMFS.

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

On September 26, 2008, NMFS sent correspondence to EPA regarding the roles of the

federal action agency and identified applicants by such agency during formal

consultation. NMFS also requested incident reports and label information for subsequent



pesticide consultations from EPA. The specified timeline for NMFS’ receipt of incident

reports and label information for the six a.i.s considered in this Opinion was July 2010.

From September 23, 2009 through November 5, 2009, NMFS staff completed their

renewal of CBI status.

On June 1, 2010, NMFS sent an email to EPA confirming that all current labels for end
use products, or if available, a master label that includes all use instructions for all
products including 2,4-D, triclopyr BEE, diuron, linuron, captan, or chlorothalonil should

be submitted to NMFS in July 2010.

On July 13, 2010, EPA sent a letter to registrants to confirm applicant status and
participation in the consultation process for the Opinion covering the herbicides 2,4-D,

triclopyr BEE, diuron and linuron; and the fungicides captan and chlorothalonil.

On July 20, 2010, Syngenta (representing GB Biosciences) via email responded to the
July 16, 2010 letter from EPA confirming GB Biosciences were certified registrants of
chlorothalonil (EPA Reg. No. 50534-7 for technical material), and confirming GB
Biosciences (Syngenta) wanted to be considered an applicant and thus participate in the

consultation process.

On July 23, 2010, NMFS received grower-provided use information data from the
Washington State Department of Agriculture (supplied by the USDA’s National
Agricultural Statistics Service (NASS) on the known use of 2,4-D, diuron, linuron,
captan, and chlorothalonil in Washington State during the 2009 growing season for a few

commodities.

On July 27, 2010, Syngenta forwarded the July 20, 2010 email noted above to NMFS to

verify with NMFS that Syngenta were involved as an applicant for the consultation.



On July 30, 2010, NMFS received notification from Tessenderlo Kerley, Inc. (in response
to the July 13, 2010 letter sent by EPA, noted above) that they were registrants for
linuron and desired applicant status for the consultation with EPA for this active

ingredient.

On August 2, 2010, NMFS received notification from Dow AgroSciences LLC (in
response to the July 13, 2010 letter sent by EPA, noted above) that they were registrants
for triclopyr BEE and desired applicant status for the consultation with EPA for this

active ingredient.

On August 2, 2010, NMFS received information from Syngenta regarding the fungicide

chlorothalonil.

On August 3, 2010, NMFS received notifications from Dow AgroSciences LLC, PBI-
Gordon Corporation, Atanor S.A., and AgroGor Corporation (in response to the July 13,
2010 letter sent by EPA, noted above) that they were registrants for 2,4-D and desired

applicant status for the consultation with EPA for this active ingredient.

On August 3, 2010, NMFS received notifications from Arysta Lifescience North America
and Mahkteshim Chemical LTD (in response to the July 13, 2010 letter sent by EPA,
noted above) that they were registrants for captan and desired applicant status for the

consultation with EPA for this active ingredient.

On August 4, 2010, in a letter dated August 3, 2010, NMFS received notification from
Albaugh, Inc (in response to the July 13, 2010 letter sent by EPA, noted above) that they
were registrants for 2,4-D and desired applicant status for the consultation with EPA for

this active ingredient.

On August 4, 2010, NMFS received notification from NuFarm (in response to the July
13, 2010 letter sent by EPA, noted above) that they were registrants for both triclopyr



BEE and 2,4-D, and desired applicant status for the consultation with EPA for these

active ingredients.

On August 9, 2010, via email, NMFS asked EPA to clarify information related to the
Red-legged frog (RLF) biological assessment for 2,4-D. In that BA, EPA used a master
label approach. NMFS wanted confirmation this approach is accurate and reflects what is
in the individual labels. If this was the case, NMFS could get started more quickly on the
analysis for the 4™ Opinion. NMFS also asked EPA to confirm if there are or are not
registrants whose labels do not conform to the master label used in the RLF BA. EPA
responded on the same day via email with an attached file of the most recent master label
for 2,4-D (dated June 20, 2005). EPA indicated the products will reflect the master label
by September 30, 2010. In addition EPA indicated they would send ten special 24(c)
labels on a CD sent in the mail. The master label and the 24(c) labels package of product
labels would be complete for 2,4-D.

On August 10, 2010, in a letter dated August 5, 2010, NMFS received notification from
Albaugh, Inc (in response to the July 13, 2010 letter sent by EPA, noted above) that they
were registrants for triclopyr BEE and desired applicant status for the consultation with

EPA for this active ingredient.

On August 11, 2010, NMFS confirmed with EPA that Syngenta had requested a meeting
as applicants for the purposes of the consultation process for this Opinion. NMFS

expressed a desire to hold all applicant meetings early in September, 2010.

On August 11, 2010, NMFS received via email the 24(c) label for 2, 4-D registered in
California, Oregon and Washington. NMFS asked for the Section 3 labels associated
with the 24(c) labels and additional information concerning labels CA040027 and OR-
10016 (this label was shown as expired on 12/31/2009). NMFS wanted to know if it had
or was going to be renewed (NMFS received clarification on this issue from EPA on

September 16, 2010 via email).



On August 11, 2010, NMFS received notice from EPA via email that two compact discs
were sent; and with the email transmittal, two special local needs labels for captan were
attached. NMFS was still awaiting label information from EPA on the other active

ingredients being considered for this Opinion.

On August 12, 2010, NMFS received notification from DuPont De Nemours and Co. (in
response to the July 13, 2010 letter sent by EPA, noted above) that they were registrants
for diuron and desired applicant status for the consultation with EPA for this active

ingredient.

On August 18, 2010, via email EPA asked NMFS how they would like to proceed with
the applicant meetings. For chemicals with more than one applicant NMFS was asked if
we wanted to ask the applicants if they are willing to meet together with NFS as opposed
to meeting individually with NMFS. On August 20, 2010, NMFS responded by email to
EPA that NMFS would prefer to consolidate the meetings to the extent possible. EPA
responded later this same day that they would try to proceed in the manner NMFS

preferred.

On August 19, 2010, NMFS received via email from EPA most recent stamped
(approved) linuron product labels and a list of the products giving the registration
number, product and company name, percent active ingredient, and label stamp date.
EPA informed NMFS with this email that they were still assembling the labels for diuron

and chlorothalonil.

On August 19, 2010, via a separate email from EPA, NMFS was notified that EPA had
received word from GB Biosciences (Syngenta) on when they can meet on
chlorothalonil. EPA also informed NMFS they were waiting on Dupont’s reply regarding

a meeting to discuss diuron.

On August 20, 2010, NMFS received via email notice from the Chemical Review

Manager for triclopyr in EPA’s Office of Pesticide Program’s Pesticide Re-evaluation

10



Division that they were attempting to set up applicant meetings between NMFS, OPP,

and applicants Albaugh Inc. and Nufarm Americas Inc.

On August 25, 2010, EPA confirmed via email to NMFS the applicant meeting to discuss
triclopyr was scheduled for September 23, 2010.

On August 25, 2010, NMFS received letters from NuFarm and Dow indicating that as
applicants for the consultation, their initial submission of information and data was being
transmitted under a joint effort with several applicants through the “Industry Task Force
IT on 2,4-D Research Data.” A third letter was also received on this day from the 2,4-D
Task Force submitting data for the consultation. In this letter they also asked for a joint

meeting with EPA and NMFS.

On August 26, 2010, NMFS confirmed via email with EPA that the initial meetings with
the applicants involved in the consultation were to introduce the applicants to the ESA
Section 7(a)(2) consultation process, and to describe to them their role in the process. In
this email, NMFS requested EPA that the applicants provide materials explaining unique
application methods or uses for their chemicals if applicable. Also, NMFS informed
EPA that several applicant letters were received regarding the meetings, including the
2,4-D Task Force (this letter was attached to the email to EPA), who proposed a joint
meeting with the triclopyr applicants. NMFS confirmed that NMFS was amenable to this

proposal.

On August 30, 2010, NMFS received two packages via Federal Express. NuFarm sent
hard copies of two triclopyr BEE lables. NuFarm suggested these labels should b used in
lieu of labels dating back to 2004. The second package was from AGRO-GOR and
PBI/GORDON. Each sent identical letters dated August 25, 2010 (in same FedEx
envelope) that their initial submissions of information are being transmitted through the

2,4-D Task Force

11



On August 31, 2010, NMFS received notification via email that E.I. dupont de Nemours
and Company (“DuPont”) wanted to be included as applicants and agreed to submit
information to EPA and to NMFS for consideration during consultation in the
development of this Opinion. This email from DuPont was in reaction to EPA’s letter
dated July 13, 2010, asking if DuPont wished to participate in the consultation process.

This email included 13 attachments.

On September 1, 2010, NMFS received a background report on chlorothalonil from
Syngenta in advance of the September 22, 2010, applicant meeting. This report was
forwarded to NMFS via email from EPA.

On September 3, 2010, NMFS received the diuron labels from EPA via UPS.

On September 7, 2010, NMFS received an email from EPA stating that EPA was still

checking on the chlorothalonil labels and will get those to us in the following week.

On September 7, 2010, NMFS received additional background materials from Syngenta
via email, on chlorothalonil, for review prior to the September 22, 2010 applicant
meeting. Syngenta also sent labels to NMFS to review for the consultation process for

this Opinion.

September 16, 2010, NMFS received requested information on 2,4-D labels via email
from EPA per the August 11, 2010, request noted above.

On September 17, 2010, via email NMFS sent a two-page request to EPA to clarify
linuron labels and uses. NMFS was later copied on an EPA email passing the questions

on internally for response.

On September 17, 2010, NMFS received from EPA via email background information for

linuron from Tessenderlo Kerley, Inc (TKI), an applicant.
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On September 21, 2010, NMFS, EPA and applicant TKI met and shared information for
this consultation. At this meeting NMFS explained the consultation process and the role
of applicants in this process. TKI provided materials on linuron to EPA and NMFS for

consideration in the consultation, and the development of the Opinion.

On September 22, 2010, NMFS, EPA and applicants BG Biosciences/Syngenta and
Drexel met to discuss the fungicides captan and chlorothalonil. At this meeting NMFS
explained the consultation process and the role of applicants in this process. The
applicants provided materials on captan and chlorothalonil to EPA and NMFS for

consideration in the consultation, and the development of the Opinion.

On September 22, 2010, NMFS received via email from EPA, two files on captan

referenced in the applicant meeting earlier in the day by the Captan Task Force.

On September 23, 2010, NMFS met with EPA and applicants: 2,4-D Task Force, DOW,
Nufarm, Albaugh Inc. to discuss the herbicides 2,4-D and triclopyr BEE. Earlier in the
day, NMFS received via email an advanced copy of DOW’s presentations on 2,4-D and
triclopyr BEE. At this meeting NMFS explained the consultation process and the role of
applicants in this process. The applicants provided materials on 2,4-D and triclopyr BEE
to EPA and NMFS for consideration in the consultation, and the development of the

Opinion.

On September 24, 2010, NMFS provided EPA via email the presentation NMFS gave at

each of the applicant meetings held earlier in the same week.

On September 29, 2010, NMFS, EPA and DuPont (applicant for the herbicide diruon)
met and shared information for this consultation. Earlier in the day, NMFS received via
email from EPA advanced copies of DuPont’s power-point presentations on diuron. At
this meeting NMFS explained the consultation process and the role of applicants in this
process. The applicant provided materials on diuron to EPA and NMFS for consideration

in the consultation, and the development of the Opinion.
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On September 29, 2010, NMFS received via email from EPA electronic versions of
hand-outs provided at the September 23rd meeting for those who could only attend via

phone.

On September 29, 2010, NMFS received contact information via email from EPA for the
PMRA drift model and how EPA’s Office of Pesticide Program’s uses it.

On October 1, 2010, via email NMFS requested additional information from EPA on 2,4-
D, triclopyr BEE, diuron, linuron, captan, and chlorothalonil. In particular, NMFS
highlighted the need to consider the potential impact of all stressors associated with the
federal action to listed species and their designated critical habitat. NMFS asked for
additional information on “inert” and “other” ingredients approved for use in end-use
pesticide products known to be toxic to aquatic organisms. NMFS explained to EPA that
inert and other ingredients are considered as potential stressors and are part of the action
that NMFS must evaluate. To date NMFS had not received complete composition
information (list of all ingredients and percentage of formulation) for end-use products
EPA is proposing to authorize under FIFRA. NMFS reminded EPA that several of the
staff involved in the consultation are annually recertified to receive classified business
information (CBI). NMFS therefore requested EPA to provide NMFS with complete
composition information for all of the end-use products which contain 2,4-D, triclopyr
BEE, diuron, linuron, captan, and chlorothalonil to adequately complete the consultation.

NMES requested this information be received by October 31, 2010.

On October 8, 2010, NMFS received via email from EPA two documents on triclopyr
BEE that were referenced during the applicant meeting on September 23, 2010.

On October 11, 2010, NMFS received via email from a representative of the Captan Task

Force, a power point presentation given at the applicant meeting held with EPA and

NMES on September 22, 2010.
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On October 13, 2010, the Department of Justice (DOJ), representing NMFS, submitted a
request to plaintiffs for a 90-day extension to complete the Opinion. The deadline
extension would allow for NMFS to complete the final biological opinion by April 30,
2011, instead of January 31, 2011 as required by the settlement agreement. DOJ also
inquired whether a single Opinion could cover all of the pesticides instead of completing

three separate Opinions.

On October 13, 2010, NMFS and EPA received from Dow AgroSciences LLC, three files
of data collected from California Pesticide Use Reporting Information on 2,4-D and

triclopyr BEE.

On October 13, 2010, NMFS received via email a power point presentation and notes

from Syngenta from the September 22, 2010, applicant meeting noted above.

On October 18, 2010, NMFS requested additional information from EPA, via email,

where a few more 24C labels were missing the corresponding section 3 label.

On October 20, 2010, NMFS received information on missing section 3 labels requested

on October 18, 2010.

On October 25, 2010, plaintiffs respond to DOJ agreeing to the October 13, 2010 request

for a 90-day extension, and to NMFS’ covering all six pesticides in one Opinion.

On October 26, 2010, NMFS notified EPA via email that the plaintiffs agreed to a 90-day
extension for the Opinion and agreed to a flexible approach to batching the chemicals
into one Opinion. NMFS noted that the 90-day extension had not yet been approved by
the Court.

On October 27, 2010, NMFS received via email information from Washington

Department of Ecology on the use of 2,4-D in Washington State for aquatic weed control.
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On October 29, 2010, the U. S. District Court approved the 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 November 1, 2010, NMFS requested via email additional information from EPA on
one of the chlorothalonil labels that appeared to have conflicting information between
mixture ratios and use ratios. This needed to be cleared up in order to determine

maximum seasonal use rates associated with the products in question.

On November 1, 2010, NMFS received additional information via email from the

Washington State Department of Ecology on 2,4-D aquatic applications for Washington.

On November 5, 2010, NMFS received a response and clarifying information via email
from EPA on questions raised in NMFS’ request for additional information on November

1, 2010, noted above.

On November 11, 2010, NMFS received various state restrictions on pesticide use

compiled by DuPont for the diuron consultation.

On November 16, 2010, NMFS requested via email additional information from EPA on
two captan labels (CA-020017 and WA-940026).

On November 18, 2010, NMFS received a response from EPA via email regarding
additional information on one of the two captan labels. EPA stated that information on

the other label (WA-940026) would be sent soon.

On November 18, 2010, NMFS requested an additional 24(c) label that was not provided
by EPA (EPA Reg. No. 51036-166).

On November 19, 2010, NMFS received a response to the November 18 request noted
above from EPA. NMFS was informed the CA SLN references an old registration
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number. EPA Reg. No. 51036-166 was transferred to Arysta in 2006 -- thus the
registration number for the product changed to EPA Reg. No. 6630-234. EPA provided
this label information as an attached file. EPA informed NMFS that they were checking
to see if the CA SLN is still active and would let NMFS know of its status within the next

few days.

On November 29, 2010, NMFS received via email from DuPont a report sent previously

to EPA for “86-5 compliance” regarding consultation on diuron.

On December 6, 2010, NMFS phoned EPA to get an update on when NMFS might
expect responses to questions regarding linuron label statements and uses first requested

on September 17, 2010.

On December 12, 2010, NMFS received via FedEx a CD from applicant Syngenta

additional new data and information for the consultation on chlorothalonil.

On December 13, 2010, NMFS received via email from EPA responses to questions
about linuron labels, along with additional labels not previously provided. This
information is important in understanding the scope of the proposed action and in
determining any possible effects of the action to listed salmon and steelhead and their

designated critical habitat.

In response to the information provided by EPA on December 13, 2010, NMFS sought
additional clarifying information on linuron in an email request sent on December 15,

2010.

On December 21, 2010, NMFS received an email from EPA asking if NMFS had
received a CD containing additional information on chlorothalonil from Syngenta.

NMEFS responded that same day stating that the CD had arrived along with a transmittal
letter dated December 15, 2010.
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On December 21, 2010, NMFS sent an email to EPA requesting additional chemical fate

information regarding captan.

On January 3, 2011, NMFS received two email responses from EPA, with numerous

attachments, to the questions and information requests sent on Decenmber 21, 2010.

On January 4, 2011, NMFS received an email from EPA inquiring about the availability
of a draft Opinion. EPA was interested in scheduling meetings with the applicants to

discuss the draft.

On February 14, 2011, NMFS received via FedEx a letter and CD from Syngenta Crop
Protection, LLC. Syngenta provided additional information to EPA and NMFS on non-
crop uses of chlorothalonil. This information was received too late to consider in time for
the release of the first draft Biological Opinion issued on March 1, 2011, but was
considered in detail prior to the release of the second draft Biological Opinion issued on

May 13, 2011.

On February 27, 2011, NMFS received via email additional information from Syngenta
for NMFS and EPA to consider in our consultation. The information pertained to a
drinking water assessment for the IR-4 registration of chlorothalonil and its specific
degradation product for new uses on bulb vegetables, bushberries, and low growing

berries.

On March 1, 2011, NMFS delivered via weblink a first draft of this Opinion with
transmittal letter covering the 6 a.i.s, 2,4-D, tricloypr BEE, diuron, linuron, captan, and

chlorothalonil.
On March 7, 2011, NMFS began reviewing comments posted on the EPA Docket in

response to the March 1, 2011 draft Biological Opinion. In addition to input from the

general public, several State agencies provided useful commentary on the RPAs. NMFS
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considered the comments and issues raised and made appropriate changes to the Opinion

prior to the release of the second draft on May 13, 2011.

On March 9, 2011, NMFS held three separate meetings with individual applicants and
EPA to discuss the first draft Opinion and to receive initial comments from the
applicants. NMFS informed each of the applicants that they could provide written
comments to NMFS by April 15, 2011.

On March 10, 2011, NMFS had two separate meetings with separate applicants and EPA
to discuss the first draft Opinion and to receive initial comments from the applicants.
NMEFS informed each of the applicants they could provide written comments to NMFS
by April 15, 2011.

On March 17,2011, NMFS had a meeting with additional applicants and EPA to discuss
the first draft Opinion and to receive initial comments from the applicants. NMFS

informed the applicants they could provide written comments to NMFS by April 15,
2011.

On March 23, 2011, NMFS teleconferenced with EPA to discuss the draft RPAs and
RPMs.

On March 29, 2011, Department of Justice filed a stipulation with the court requesting a
60 day extension, until June 30, 2011, for completion of the biological opinion, to allow
for release of a second draft opinion and more time for comment. Plaintiffs had agreed to

the extension, which the court approved on April 1, 2011.

On April 4, 2011, NMFS received via email comments from Dow (triclopyr BEE) in
response to the first draft Biological Opinion released March 1, 2011. NMFS considered
the comments and issues raised and made appropriate changes to the Opinion prior to the

release of the second draft on May 13, 2011.
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On April 5, 2011, NMFS received via email comments from Syngenta (chlorothalonil) in
response to the first draft Biological Opinion released March 1, 2011. NMFS considered
the comments and issues raised and made appropriate changes to the Opinion prior to the

release of the second draft on May 13, 2011.

On April 11, 2011, NMFS received via separate emails comments from Drexel (diuron),
and MANA (diuron) in response to the first draft Biological Opinion released March 1,
2011. NMFS considered the comments and issues raised and made appropriate changes

to the Opinion prior to the release of the second draft on May 13, 2011.

On April 12, 2011, NMFS received via email comments from DuPont (diuron) in
response to the first draft Biological Opinion released on March 1, 2011. NMFS
considered the comments and issues raised and made appropriate changes to the Opinion

prior to the release of the second draft on May 13, 2011.

On April 14, 2011, NMFS received comments via FedEx from the 2,4-D Task Force in
response to the first draft Biological Opinion released on March 1, 2011. NMFS
considered the comments and issues raised and made appropriate changes to the Opinion

prior to the release of the second draft on May 13, 2011.

On April 15,2011, NMFS received comments from applicant TKI (linuron) in response
to the first draft Biological Opinion issued on March 1, 2011. NMFS considered the
comments and issues raised and made appropriate changes prior to the release of the

second draft on May 13, 2011.
On April 19, 2011 NMFS received written comments from EPA on the March 1, 2011
draft Opinion. NMFS considered the comments and issues raised and made appropriate

changes to the Opinion prior to the release of the second draft on May 13, 2011.

On April 26, 2011 NMFS received a copy of the updated Drinking Water Assessment for
chlorothalonil that Syngenta had referenced during the March 10 meeting (EPA, 2010).
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The assement used revised values for environmental fate properties, including an aquatic
half-life much lower than the one used in the salmonids BE. The updated fate
information was a significant factor in revising the chlorothalonil determinations in the

May 13 draft.

On May 11, 2011, EPA Office of Pesticide Programs announced the pending release of
the second draft of this Opinion seeking comments by June 3, 2011 on the revised

Reasonable and Prudent Measures and Reasonable and Prudent Alternatives.

On May 13, 2011, NMFS delievered via weblink a second draft Opinion to EPA covering
the 6 a.i.s, 2,4-D, tricloypr BEE, diuron, linuron, captan, and chlorothalonil. This draft
included revisions to the jeopardy and adverse modification determinations. The changes
in the chlorothalonil determinations were based on further analysis of turf use data NMFS
received on February 14, as well as the revised environmental fate parameters from the
Drinking Water Assessment received on April 26, 2010. Revisions to the 2,4-D adverse
modification determinations were based on additional analysis of use patterns of aquatic
applications and uses related to restoration activities. With this transmittal, NMFS asked
EPA and applicants to provide comments on the second draft by June 13, 2011. NMFS

also offered to meet with EPA and applicants to discuss the second draft.

On May 14, 2011, NMFS began reviewing the comments submitted to the EPA docket in
response to the second draft Biological Opinion. NMFS considered the comments and

issues raised and made appropriate changes to the Opinion prior to the release of the final

draft on June 30, 2011.

On May 26, 2011 NMFS received via email applicant input from Dow AgroSciences for
triclopyr BEE in response to the May 13, 2011 draft Biological Opinion. NMFS
considered the comments and issues raised and made appropriate changes to the Opinion

prior to the release of the final draft on June 30, 2011.
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On May 31, 2011, NMFS met with applicants and EPA to discuss the changes in the

second draft and to receive preliminary comments on the second draft.

On June 3, 2011, NMFS received separate emails from applicants: Syngenta
(chlorothalonil), and DuPont (diuron) commenting on the May 13, 2011 draft Biological
Opinion. NMFS considered the comments and issues raised and made appropriate

changes to the Opinion prior to the release of the final draft on June 30, 2011.

On June 7, 2011, NMFS received via email applicant input from the Captan Task Force
in response to the May 13, 2011 draft Biological Opinion. NMFS considered the
comments and issues raised and made appropriate changes to the Opinion prior to the

release of the final draft on June 30, 2011.

On June 9, 2011, NMFS met with additional applicants and EPA to discuss the changes

in the second draft and to receive preliminary comments on the second dratft.

On June 13, 2011, NMFS received emails from applicants: 2,4-D Task Force, DuPont
(diuron), and Syngenta (chlorothalonil), commenting on the May 13, 2011 draft
Biological Opinion. NMFS considered the comments and issues raised and made

appropriate changes to the Opinion prior to the release of the final draft on June 30, 2011.

On June 14, 2011, NMFS received comments from EPA on the May 13, 2011 draft
Biological Opinion via email. NMFS has considered EPA’s comments and issues raised

prior to completing the final draft.
On June 30, 2011, NMFS issued the final draft Biological Opinion covering EPA’s

proposed re-registration of 2,4-D, triclopyr BEE, diuron, linuron, captan, and

chlorothalonil.
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Species Addressed in the BEs

EPA’s BEs considered the effects of pesticides containing the six a.i.s to 26 species of
listed Pacific salmonids and their designated critical habitat (EPA, 2003a, 2003b, 2003c,
2004a, 2004b, 2004f). Two listed species, the Lower Columbia River coho and the Puget
Sound steelhead, were not considered in the BEs. For each a.i. considered in this
opinion, EPA determined that its registration would affect at least some ESUs or DPSs.
(Table 1). With the exception of linuron, EPA determined that registration of each a.i.
may adversely affect at least one ESU or DPS. With the exception of 2, 4-D, EPA
determined that the registration of each a.i. may affect but was not likely to adversely
affect (NLAA) at least one ESU or DPS. Based on the analysis in this opinion, NMFS
does not concur with any of the NLAA determinations made by EPA for these six
registrations. When an action agency concludes its action will not affect any listed
species or critical habitat, then no section 7 consultation is necessary (USFWS, & NMFS
1998). However, when an action may adversely affect listed species or designated
critical habitat, NMFS conducts a formal consultation to determine whether that action is
likely to jeopardize listed species or destroy or adversely modify critical habitat and
issues a biological opinion with those determinations. NMFS conducted formal
consultation and issues this biological opinion because EPA concluded for five of the
a.1.s that registration may adversely affect some or all listed Pacific anadromous
salmonids and their designated critical habitat. NMFS did not concur with any of EPA’s
“NLAA” determinationsfor linuron and has determined that linuron may adversely affect
some ESUs. Once NMFS enters into formal consultation it considers all species and
critical habitat affected. In this Opinion, NMFS will analyze the impacts to all
ESUs/DPSs of Pacific salmonids present in the action area, including those salmonid
species identified by EPA as being unaffected and including the two species of salmonid

listed after EPA provided its BEs to NMFS.
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Table 1. EPA’s effects determinations.

Species ESU Herbicides Fungicides
2,4-D Triclopyr BEE Diuron Linuron Captan Chlorothalonil
Chinook Puget Sound may affect may affect may affect no effect NLAA may affect
Lower Columbia River may affect may affect may affect no effect NLAA NLAA
Upper Columbia River Spring - Run may affect may affect may affect NLAA may affect may affect
Snake River Fall - Run may affect may affect may affect NLAA NLAA may affect
Snake River Spring/Summer - Run may affect may affect may affect NLAA NLAA may affect
Upper Willamette River may affect may affect may affect no effect NLAA may affect
California Coastal may affect NLAA may affect no effect no effect NLAA
Central Valley Spring - Run may affect NLAA may affect no effect no effect NLAA
Sacramento River Winter - Run may affect NLAA may affect no effect no effect NLAA
Chum Hood Canal Summer - Run may affect may affect may affect no effect no effect no effect
Columbia River may affect may affect may affect no effect no effect no effect
Coho Lower Columbia River not evaluated not evaluated | notevaluated | notevaluated | not evaluated not evaluated
Oregon Coast may affect may affect may affect no effect no effect no effect
Southern Oregon and Northern California Coast may affect NLAA may affect no effect no effect NLAA
Central California Coast may affect NLAA may affect no effect no effect NLAA
Sockeye Ogzette Lake may affect may affect NLAA no effect no effect no effect
Snake River may affect may affect no effect no effect may affect no effect
Steelhead notevaluated | notevaluated | notevaluated | notevaluated | notevaluated | not evaluated

Puget Sound

Lower Columbia River may affect may affect may affect no effect no effect NLAA
Upper Willamette River may affect may affect may affect no effect NLAA may affect
Middle Columbia River may affect may affect may affect NLAA NLAA may affect
Upper Columbia River may affect may affect may affect NLAA NLAA may affect
Snake River may affect may affect may affect no effect NLAA may affect
Northern California may affect NLAA may affect no effect no effect no effect
Central California Coast may affect NLAA may affect no effect no effect NLAA
California Central Valley may affect NLAA may affect no effect no effect NLAA
South-Central California Coast may affect NLAA may affect NLAA NLAA NLAA
Southern California may affect NLAA may affect NLAA NLAA NLAA
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Description of the Proposed Action

The Federal Action

The proposed action encompasses EPA’s six registrations of the uses (as described by
product labels) of all pesticides containing 2,4-D, triclopyr BEE, diuron, linuron, captan,
and chlorothalonil. Although NMFS uses the term “action” in this document to refer to
EPA’s actions collectively, NMFS has analyzed the impacts of the registration of each
active ingredient independently. The purpose of the proposed action is to provide tools
for pest control that do not cause unreasonable adverse effects to the environment
throughout the U.S. and its affiliated territories. Pursuant to FIFRA, before a pesticide
product may be sold or distributed in the U.S. it must be exempted or registered with a
label identifying approved uses by EPA’s OPP. Once registered, a pesticide may not
legally be used unless the use is consistent with directions on its approved label
(http:www.epa.gov/pesticides/regulating/registering/index.htm). EPA authorization of
pesticide uses are categorized as FIFRA sections 3 (new product registrations), 4
(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 (described in greater detail below).
The EPA evaluates the pesticide to ensure that it will not have unreasonable adverse
effects on humans, the environment, and non-target species. An unreasonable adverse
effect on the environment is defined in FIFRA as, “(1) any unreasonable risk to man or
the environment, taking into account the economic, social, and environmental costs and
benefits of the use of the pesticide, or (2) a human dietary risk from residues that result
from a use of a pesticide in or on any food inconsistent with the standard under section

408 of the FFDCA (21 U.S.C. §346a)” 7 U.S.C. 136(b).
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After registering a pesticide, EPA retains discretionary involvement and control over
such registration. EPA must periodically review the registration to ensure compliance
with FIFRA and other federal laws (7 U.S.C. §136d). A pesticide registration can be
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.

Pesticide Labels. For this consultation, EPA’s proposed action encompasses all approved
product labels containing the a.i.s 2,4-D, triclopyr BEE, diuron, linuron, captan, and
chlorothalonil; 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 six BEs indicate that the subject a.i.s
are labeled for a variety of uses including applications to residential areas, industrial
areas, pastures, forested areas, and crop lands (EPA, 2003a, 2003b, 2003c, 2004a, 2004b,
2004f1).
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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. 2,4-D, triclopyr BEE, diuron, linuron, captan, and
chlorothalonil are the a.i.s that kill or otherwise affect targeted organisms (listed on the
label). However, pesticide products that contain these a.i.s also contain inert ingredients.
Inert ingredients are ingredients which EPA defines as not “pesticidally” active. EPA
also refers to inert ingredients as “other ingredients”. The specific identification of the
compounds that make up the inert fraction of a pesticide is not required on the label.
However, this does not necessarily imply that inert ingredients are non-toxic, non-
flammable, or otherwise non-reactive. EPA authorizes the use of chemical adjuvants to
make pesticide products more efficacious. An adjuvant aides the operation or improves
the effectiveness of a pesticide. Examples include wetting agents, spreaders, emulsifiers,
dispersing agents, solvents, solubilizers, stickers, and surfactants. A surfactant is a
substance that reduces surface tension of a system, allowing oil-based and water-based
substances to mix more readily. A common group of non-ionic surfactants is the

alkylphenol polyethoxylates (APEs), which may be used in pesticides or pesticide tank
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mixes, and also are used in many common household products. Nonylphenol (NP), one

of the APEs, has been linked to endocrine-disrupting effects in aquatic animals.

Formulations. Pesticide products come in a variety of solid and liquid formulations.
Examples of formulation types include dusts, dry flowables, emulsifiable concentrates,
granulars, solutions, soluble powders, ultra-low volume concentrates, water-soluble bags,
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
cancellation of uses and pesticide products. The terms of EPA’s regulatory decisions are

summarized in RED documents (EPA, 1995, 1998b, 1999b, 2003d, 2004¢, 2005).
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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 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. 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 including use of existing stocks, and active labels, of products containing the six

a.1.s for the duration of the proposed action.

Duration of the Proposed Action. EPA’s goal for reassessing currently registered
pesticide a.i.s is every 15 years. Given EPA’s timeframe for pesticide registration

reviews, NMFS’ evaluation of the proposed action is also for 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. As discussed above, the
proposed action encompasses EPA’s registration of the uses (as described by product
labels) of all pesticides containing 2,4-D, triclopyr BEE, diuron, linuron, captan, and
chlorothalonil. EPA provided copies of all active product labels for triclopyr BEE,
diuron, linuron, captan, and chlorothalonil; and a master label summarizing all label
restrictions for 2,4-D. The following descriptions represent information acquired from

29



review of these labels as well as information conveyed in the EPA BEs, REDs, and other

documents.

2,4-D

The herbicide 2,4-D has been used in the United States for more than 60 years (EPA,
2005). It is most commonly used as a post-emergent herbicide for broadleaf control and
is available in several chemical forms that are each formulated in multiple end-use
products (Table 2) (EPA, 2009a). The isopropyl ester form of 2,4-D is used in citrus
crops as a growth regulator to reduce preharvest fruit drop and increase fruit size. 2,4-D
is a synthetic auxin that disrupts normal plant growth by mimicking endogenous auxins
that act as regulator hormones. Plant injuries include impacts to growth and
reproduction. Symptoms may appear almost immediately in plants, but death may not
occur for several weeks. Currently, Dow AgroSciences, Nufarm, Ltd., and the Agro-Gor
Corporation have registrations with EPA for manufacturing use products containing 2,4-
D. These products are formulated into a large number of end-use pesticides which are
registered by dozens of companies and applied for a variety of uses (National Pesticide
Information Retrieval System http://ppis.ceris.purdue.edu/htbin/cnamlist.com). In total,
there are over 600 end-use products that are registered for use on over 300 distinct use
sites (e.g. agricultural, residential, aquatic, etc., EPA RED DOCUMENT, 2005).
Additionally, there are nine SLN registrations in California, Idaho, Oregon, and
Washington (EPA Reg. No. CA040027, CA070017, CA970033, OR050016, OR-940036,
WAO010009, WA010038, WA070007, and WA9400032). There are no emergency use

registrations (section 18) for 2,4-D in California, Idaho, Oregon, or Washington.
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Table 2. Chemical forms of 2,4-D products that are currently registered for use in the
action area.

EPA PC Code CAS Number Chemical Name

030001 94-75-7 2,4D acid

030004 2702-72-9 2,4D sodium salt

030016 5742-19-8 2,4D diethanolamine (DEA) salt
030019 2008-39-1 2,4D dimethylamine (DMA) salt
030025 5742-17-6 2,4D Isoproylamine (IPA) salt
030035 32341-80-3 2,4D triisopropanolamine (TIPA) salt
030053 1929-73-3 2,4D butoxyethyl ester (BEE)
030063 1928-43-4 2,4D 2 ethylhexyl ester (EHE)
030066 94-11-1 2,4D isopropyl ester (IPE)

Usage Information.

EPA estimated 36 million pounds of 2,4-D are applied annually in the United States for
agricultural uses, with “heavy use” of 2,4-D in the Pacific Northwest and California
(EPA, 2004a). Usage of 2,4-D in California has remained relatively stable, with over
400,000 Ibs applied during each year from 1998 — 2008 (CDPR, 2009). Washington
State Department of Agriculture estimates total annual usage of 2,4-D for nine of
registered agricultural use sites to be 183,630 — 469,843 Ibs, based on recent crop patterns
and use surveys (WSDA, 2010a). Recent usage information for Oregon and Idaho is not

available.

Agricultural Uses. Cereal grains, field and pop corn, sweet corn, sorghum, soybeans,
sugarcane, rice, pome fruits (e.g. apples, pears), stone fruits (e.g. cherries, peaches,
plums, apricots), nut orchards, pistachios, filberts, pastures, rangeland, fallow land and
crop stubble, grass grown for seed or sod, irrigation ditch banks, potatoes, asparagus,
hops, strawberries, blueberries, grapes, cranberries, citrus, clover , cottonwood and poplar
trees grown for pulp, abandoned orchards, and forestry (site preparation, conifer release,

roadsides, etc.).
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Non-agricultural Uses. Grasslands not in agricultural production, ornamental turf, tree
and brush control, non-cropland such as fencerows, hedgerows, roadsides, ditches, rights-
of-way, utility power lines, railroads, airports, industrial sites, and other non-crop areas,
and aquatic uses to control floating/emergent aquatic weeds and submerged aquatic
weeds (e.g. ponds, lakes, reservoirs, marshes, bayous, ditches, canals, slow moving rivers

and streams).

Registered Formulation Types. 2,4-D products are formulated as emulsifiable
concentrates, wettable powders, granules, soluble concentrate solids, soluble concentrate
liquids, and water dispersible granules (dry flowables). 2,4-D products frequently
contain 2 — 4 a.i.s. Other registered herbicides ingredients in currently registered 2,4-D
products include atrazine, aminopyralid, bromoxynil, carfentrazone-ethyl, clopyralid,
dicamba, fluroxypyr, fenoxaprop-p-ethyl, glyphosate, MCPA, MCPP, MSMA, picloram,

pyraflufenethyl, quinclorac, sulfentrazone, and triclopyr.

Methods and Rates of Application.

Methods. 2,4-D can be applied using a variety of methods and equipment. It may be
applied as a spot treatment or broadcast application using aircraft (fixed wing or
helicopter), ground boom sprayers, granule spreaders, hand held nozzle sprayers, wick

applicators, and stump injectors.

Application Rates. Application rates are limited to 1 — 2 1bs of 2,4-D /A on the majority
of agricultural use sites (Table 3). Sites with the greatest application rates include
forestry and several non-crop use sites that allow a maximum single application of 4 1bs
2,4-D /A. Additionally, up to 10.8 Ibs of 2,4-D per acre-foot (4 parts per million) can be
applied to aquatic habitats for control of submergent weeds. Multiple applications are
permitted on several use sites. Typically, either the maximum number of applications
and/or maximum seasonal rate is specified. However, several of the SLN registrations do
not specify limitations on either the number of applications or seasonal/annual use rates
(CA-070017, CA-970033, OR-940036, and WA-0700070).
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Table 3. Summary of all authorized use sites and application restrictions for active 2,4-D.

Max. Single Number of | Annual App. Label
Use(s) App. Rate App. per App. Rate Interval App. Method Number
(Ibs a.i./A) Year (Ibs a.i./A) (days)
Cereal grains 13 2/crop 1.75/crop | \ig Aerial, 5481-145
cycle cycle ground spray
Aerial,
E‘j:: and Pop 15 NS 3.00/season | NS g:g‘;ﬂ%s"ray’ 5481-145
spreader
1.0 preplant or Aerial,
Sweet Corn preemergence, | 1/crop 1.50/season | 21 ground spray, 5481-145
0.5 post cycle granule
emergence spreader
1.00 for
1.0 for amines, amines, Aerial,
acids, and 1/crop acids, and ground spray, | 34704-
Sorghum salts; 0.5 for cycle salts; 0.50 NA granule 120
esters for esters spreader
/season
1.00/ Preplant
Soybeans 1.0 NS ) NS aerial or 5481-145
season
ground spay
Sugarcane 2.Q amines, 1/crop 4.00/ NS Aerial, 5481-145
acids, and salts | cycle season ground spray
1.0 preplant,
. 1.5 post .
Rice emergence 1/crop 1.50/season | NS Aerial, 228-260
. . cycle ground spray
amines, acids,
and salts
Pome fruits 2.0 amines Post
(e.g. apples, I ' 2 4.00/season | 75 emergence 5481-145
acids, and salts
pears) Ground spray
Stone fruits (e.g. Post
cherries, 2'9 amines, 2 4.00/season | 75 emergence 5481-145
peaches, plums, acids, and salts
. Ground spray
apricots)
Nut orchards 2.0 amines Post
. . ’ - ’ 2 4.00/season | 30 emergence 228-260
Pistachios acids, and salts G
round spray
3, Post
Filberts NS" amines, 4 NS 30 emergence 34704-
acids, and salts 120
Ground spray
Pastures,
Post
rangeland, emergence
grasslands notin | 2.0 NS 4.00/season | 30 Aerial 5481-145
agricultural roun;j sora
production 9 pray
Ornamental and 42750-19,
residential turf 1.5 2 3.00/season | NS Ground spray 061-394
Grass grown for | , NS 4.00/season | NS Ground spray | 5481-145

seed or sod
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Max. Single Number of | Annual App. Label
Use(s) App. Rate App. per App. Rate Interval App. Method Number
(Ibs a.i./A) Year (Ibs a.i./A) (days)
Followlandand | , , NS 4.00/season | 30 Aerial, 5481-145
crop stubble ground spray
'::;32:(1:5 site 4.00 for Aerial,
" 4.0 NS broadcast, NS ground spray, | 5481-145
prep., conifer L
NS for other tree injection
release
Tree and brush 4.00 for Aerial,
4.0 NS broadcast, NS ground spray, | 2217-703
control L
NS for other tree injection
Non-cropland
such as
fencerows,
hedgerows,
roadsides,
ditches, rights-of- | , NS 4.00/season | 30 Aerial, ground | 484 145
way, utility power spray
lines, railroads,
airports,
industrial sites,
and other non-
crop areas
Aerial spray,
boat spray-
Irrigation ditch Allow no
b 9 2.0 2 4.00/season | 30 more than2 | 5481-145
anks f
eet
overspray
onto water.
Floating/emergent | , 2 NS 21 NS 5481-145
aquatic weeds
Submerged
aquatic weeds
(e-g. popds, lakes, 10.8 Ibs / Acre
reservoirs, foot
marshes, bayous, (4 parts per 2 NS 21 NS 5481-145
ditches, canals, P P
. million)
slow moving
rivers and
streams
Post-
Potatoes 0.1 2 0.14/season | 10-14 emergent 228-139
aerial or
ground spray
2.0 34704-
Asparagus amines, acids, 2 4.00/season | 30 NS 120
and salts
0.5 Apply to )
Hops amines, acids, 3 1.50/season | 30 ground 34704
120
and salts between rows
Strawberries 1.50 Aerial, ground | 34704-
(not in CA) amines, acids, 1 1.50/season | NA spray 120
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Max. Single Number of | Annual App. Label
Use(s) App. Rate App. per App. Rate Interval App. Method Number
(Ibs a.i./A) Year (Ibs a.i./A) (days)
and salts
NS? Wipe and
Low bush . , spot Master
. amines, acids, 1 NS NA L
blueberries applications label
and salts
on weeds
. 1.4 .
High bus_h amines, acids, 1/crop 2.80/season | NS Directed Master
blueberries cycle ground spray | label
and salts
1.4 .
g:p::l ) amines, acids, ::/(f:rlzp NS NA D;(r)ic;]tgi ra 228-260
y and salts y 9 pray
4.00 Ibs in Ground:
4.0 granular 1 dormant | dormant granule'
Cranberries ester . season, 2 season, NS spreader, 228-61
1.2 amines, growing 240 Ibs in
) . spot spray,
acids, and salts | season growing X
wipe
season
0.1
Isopropyl ester
Citrus tc_> mcreasse fruit | 1/crop NS NS Aerial, ground 5481-145
size, NS” to stage spray
prevent pre-
harvest drop
24 (c) CA: Air blast, .
. 2 5481-145;
Mandarin growth | NS 1 NS NA other ground CA040027
regulator spray
24 (c) CA: . 34704-
Ladino Clover 1.0 NS NS NS porial, ground | 120; CA-
(seed crop) pray 070017
Directed .
24 (c) CA: Citrus NS, as ground spray- 228-260;
1.6 NS NS CA-
floor needed apply to the
: 970033
point of runoff
. NS- Once in 34704-
é‘ltu(:l))g'll?iés 14 2 2.8 spring and Ground spray | 803; OR-
once in fall 050016
24 (c) OR:
Ground spray | 228-145;
Cottonwood and | 1 4 NS NS NS or wick OR-
pop application | 940036
pulp
NS- Once in
. . 34704-
24 (c) WA: 14 2 238 springand | o0 nd spray | 803; WA-
Blueberries once after
010009
harvest
24 (c) WA: 2.0 Ib. triclopyr 2 Bark spray or | 62719-
Abandoned BEE/A+41b 1 BEE F/)X +4 NA hack and 260; WA-
orchards 2,4-D squirt trees 010038
Ib2,4-D
24 (c) WA: Ashr_weed?d tz NS NS 2; daéls f0|; ggbsurface 86119-3;
Eurasian milfoil achieve 1 — roadcast np -
mg/L applications; | application in | 070007
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Max. Single Number of | Annual App. Label
Use(s) App. Rate App. per App. Rate Interval App. Method Number
(Ibs a.i./A) Year (Ibs a.i./A) (days)
maintained for NS for “spot | slowly moving
48 hrs treatments surface
waters

-_—

NS = not specified

No upper limit placed on maximum application rate. Used as growth regulator not herbicide. Minimum
500 gal per acre of spray material per ace = 0.10 Ibs a.i./A

Use rate per acre NS. Maximum rate of 1.00 Ib a.i./100 gallons of spray solution. Wet leaves and
stems of suckers April through August.

Use rate per acre NS. Maximum rate of 1.0 Ib a.i./10 gallons of spray solution.

Use rate per acre NS. Maximum rate of 200 ppm a.i for spray solution.

36




Metabolites and Degradates.

Several degradates of parent 2,4-D have been identified in environmental fate studies
including 1,2,4-benzenetriol; 2,4-dichlorophenol (2,4-DCP); 2,4 dichloroanisol (2,4-
DCA); 4-chlorophenol; 2-chlorophenol; 4-chlorophenoxyacetic acid; and
chlorohydroquinone (EPA, 2009a).

Triclopyr butoxyethyl ester (triclopyr BEE)

Triclopyr is a systemic broad-spectrum herbicide that is in the pyridinyloxyacetic acid
family. It acts as a plant growth regulator and is used to control broadleaf weeds and
woody plants. Triclopyr acid is formulated as a manufacturing product, and is used to
formulate triclopyr BEE and triclopyr triethylamine salt (TEA) pesticides (EPA, 2009¢).
The current consultation is for approved uses of the Triclopyr BEE, and does not evaluate
triclopyr TEA. Triclopyr TEA was first registered in 1979 for use on non-crop areas and
forestry. Triclopyr BEE was registered in 1980 for use on the same sites. Both chemical
forms of triclopyr were registered for use on turf in 1984. Triclopyr BEE is registered for
use on rangeland and permanent grass pastures. Triclopyr TEA is registered for use on
rice and BEE is not. Currently, Albaugh, Inc., Dow AgroSciences, Makhteshim Agan of
North America, Inc., and NuFarm Americas, Inc. have registrations with EPA for
manufacturing use products containing triclopyr. There are 31 active labels for end use
products containing triclopyr BEE registered by 10 companies. Additionally, there is one
SLN registration for control of unwanted trees in abandoned orchards (WA-010038).
There are no section 18 registrations for use of triclopyr BEE products in California,

Idaho, Oregon, or Washington.
Usage Information.

EPA estimates approximately 200,000 Ibs of triclopyr BEE are applied within the action
area each year (EPA, 2004f). California use reports indicate more than 70,000 lbs of
triclopyr are applied annually in the state. However, the reports do not distinguish
between use of triclopyr BEE and triclopyr TEA products (CDPR, 2009). Recent usage

information for Washington, Oregon and Idaho is not available.
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Agricultural Uses. Uses include range and pasture treatments, ornamental turf (sod
farms), non-crop agricultural areas such as abandoned orchards, around farm buildings,

fence rows, roads, and non-irrigations ditch banks.

Non-agricultural Uses. Non-agricultural uses of triclopyr BEE include rights-of-way,
forest management (site preparation and conifer release), and applications to golf course

and residential turf, and industrial areas.

Registered Formulation Types. Triclopyr BEE enduse products are typically formulated
as emulsifiable concentrates or ready to use liquids that are spray applied. There is also a
granular fertilizer product that contains Triclopyr BEE (EPA Reg. No. 961-394).
Triclopyr BEE is frequently formulated with other a.i.s. Several formulations contain
2,4-D. (e.g., EPA Reg. No. 228-565, 961-394, and 34704-928). 1t is also formulated with
fluroxypyr (EPA Reg. No. 62719-477). Two formulations include MCPA and dicamba
(EPA Reg. No. 228-395, 228-317). One formulation partners triclopyr BEE with three
other herbicides (sulfentrazone, 2-4,D, and dicamba; EPA Reg. No. 2217-920).

Methods and Rates of Application.

Methods. Triclopyr BEE is typically spray applied by ground application or aerial
methods. A granular formulation is applied with ground spreader. Labels frequently
authorize tank mixes with other herbicides (EPA Reg. No. 62719-527), liquid fertilizers
(EPA Reg. No. 228-317), drift control agents (EPA Reg. No. 74779-8), and/or surfactants
(EPA Reg. No. 66222-153).

Application Rates. Active labels allow a maximum single and seasonal application rate
of up to 8 Ibs triclopyr BEE/A to forests and several non-crop areas (Table 4). The
number of applications allowed is 1, 8, or is not specified. Use sites without
specifications for the number of applications limit the total amount of product that can be

applied either annually or seasonally.
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Table 4. Summary of all authorized use sites and application restrictions for active
triclopyr BEE products.

Max. Number
Annual App. | App.
Single of App. App. Label
Use(s) Rate Interval
App. Rate | per Method Number(s)
(Ibs a.i./A) (days)
(Ibs a.i./A) | Year
Aerial or
228-521;
Range/pasture 20 1 2 NA ground
228-552
spray
Aerial or
Forests 6.0 1 8 NA ground 228-517
spray
Turf
1.0 17545-8;
(ornamental, Aerial or
(2.0 for 961-394;
commercial, golf 8 8 4 weeks ground
spot 62719-566;
course, spray
treatments) 66222-153
residential)
Non-Crop areas
(e.g. fence rows,
non-irrigation
Aerial or
ditch banks,
8.0 NS 8 NS ground 66222-153
rights-of way,
spray
around farm
buildings,
industrial areas)
Seasonably dry
wetlands, flood
plains, deltas,
marshes, Aerial or
swamps, bogs 8.0 NS 8 NS ground 66222-153
and transitional spray
areas between
uplands and
lowlands
24 (c) WA: 2.0 Ib. 2 Ib. Triclopyr
] Ground 62719-260
Abandoned Triclopyr 1 BEE; NA
spray WAO010038
orchards BEE; 41b.2,4-D
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4.0 1b. 2,4-
D

NS = not specified

Metabolites and Degradates.

Triclopyr BEE and triclopyr TEA both rapidly degrade to for triclopyr acid. In aquatic
environments, photodegradation products of the acid/anion include 5-chloro-3,6-
dihydroxy-2-pyridinoloxyacetic acid (TCP) and oxamic acid. In soils, TCP and 3,5,6-
trichloro-2-methoxypyridine (TMP) are formed through biotic metabolism (EPA, 2009¢).

Diuron

Diuron (N-(3,4-dichlorophenyl)-N,N-dimethylurea) is a systemic substituted phenylurea
herbicide. Diuron acts by inhibiting the Hill reaction in photosynthesis which limits the
production of high energy compounds such as ATP used for various metabolic processes.
Diuron is primarily absorbed through plant roots. It is transported upward through the xylem,
and exerts its action at the seedling stage when the newly emerged plant starts to
photosynthesize. It is effective primarily on annual broadleaved weeds, annual grasses, or
newly emerged perennial plants. Established perennial plants are less susceptible, which is
the basis for its use in fruit and nut crops (EPA, 2003¢c). Twenty three companies currently
hold active registrations for end-use or technical products that contain diuron

(http://ppis.ceris.purdue.edu/htbin/cnamlist.com). There are currently 73 active labels for

products containing diuron including 66 end use products and 7 technical/manufacturing
use products. There are 11 SLN registrations in California, Idaho, Oregon, or
Washington. There are no emergency use registrations for diuron in California, Idaho,

Oregon, or Washington.
Usage Information.

EPA estimated approximately 8 million pounds of diuron are applied annually for
domestic uses based on pesticide surveys for the years of 1990 through 1999 (EPA,

2003c). Slightly over half was used in non-agricultural areas; about 25% of diuron was
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used on railroads; other non-agricultural sites of high usage (5-9% of total diuron) were
pipelines and industrial facilities, roads, and sanitation/utilities. Among agricultural uses,
the highest amounts of diuron were used on oranges (15%), cotton (10%), seed crops
(9%), grapefruit (3%), and alfalfa (3%) (EPA, 2003c). Recent use of diuron in California
has declined over the preceding decade from approximately 1.5 million pounds applied in
1998 to 730, 000 lbs in 2008 (CDPR, 2009). In 2008 nonagricultural uses continued to
account for the largest amount of diuron applied in California. More than 283,000 Ibs of
diuron were applied for maintenance of right of ways. The largest agricultural use sites
in California included oranges (approximately 144,000 Ibs) and alfalfa (approximately
121,000 Ibs). Based on recent crop patterns and surveys of typical use, Washington State
Department of Agriculture estimates the total annual usage of diuron on asparagus,
blueberries, iris bulbs, and cane berries is approximately 7,000 — 10,000 lbs, (WSDA,
2010d). Usage estimates for other crops and the nonagricultural high usage sites is not

available. Recent use information for Oregon and Idaho is not available.

Agricultural Uses. Diuron is used on a variety of fruit and nut crops, grains, cotton, corn,
sorghum, mint, asparagus, sugarcane, seed crops, coffee, hay, cut flowers, and for fallow,
idle cropland. It may be used in irrigation and drainage systems when water is not

present.

Non-agricultural Uses. Diuron is used on impervious surfaces such as paved areas. It is
also used on industrial and rights-of-way areas where total vegetation control is desired;
often it is combined with other herbicides for total vegetation control. Such broad-
spectrum weed control includes along fence lines, rights-of-way (pipelines, powerlines,
railway lines, roads), footpaths, in timber yards and storage areas, around commercial,
industrial and farm buildings, electrical substations, and petroleum storage tanks. It has
some use as an algacide in ornamental ponds, fountains, and aquaria. Additionally diuron
may be used for general weed control in non-crop and non-timber (e.g. rights of way,
uncultivated agricultural areas, fence rows, and industrial sites, intermittently flooded
areas such as marshes, swamps, and bogs after water has receded). It may be used as a
mildewicide in paints used on buildings and structures.
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Registered Formulation Types. Diuron is available in wettable powder, dry flowable,
liquid suspension, and soluble concentrate formulations. Many of these products contain
additional active ingredients. Most are herbicides, but chlorothalonil, a fungicide, is used
in the paint preservative formulations. Herbicides formulated with diuron include
paraquat, thiadiazuron, bromacil, imazapyr, monosodium methanearsonate, tebuthiuron,
sodium chlorate, sodium metaborate, sulfometuron-methyl, and copper sulfate (EPA,

2003c).
Methods and Rates of Application.

Methods. Diuron is a systemic herbicide registered for pre- and post emergent control
using ground and aerial equipment. Diuron is typically applied as a pre-emergent
herbicide to the soil, and needs to be watered in to be effective. It may persist in the soil
throughout much of the season, thus providing continuing control of weeds. It can also
be effective as a post-emergent herbicide, especially if applied during high humidity and
warm temperatures, and with a surfactant added to enhance penetration into the weeds.
In formulations with other herbicides, the other active ingredient(s) typically provides
knockdown of established weeds, while the diuron inhibits additional weeds from
becoming established (EPA, 2003c). Diuron is often applied in combination with other
herbicides such as bromacil, hexazinone, paraquat, thiadiazuron, imazapyr, monosodium,

sodium chlorate, sodium metaborate, and copper sulfate (EPA, 2009b).

Application Rates. Active labels allow a maximum single application rate of 12 lbs
diuron/A on uncultivated agricultural areas, industrial sites, and intermittently flooded
areas such as marshes, swamps, and irrigation ditches when water is not present. The
maximum annual application rate at these sites is 24 lbs diuron/A. The maximum
application rate in crops is 4 1bs diuron/A for single applications and 8 1bs diuron/A

annually (Table 5).
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Table 5. Summary of all authorized use sites and application restrictions for active diuron

products.
I\Sniix.le Number | Annual App. Label
Use(s) g of App. | App. Rate | Interval App. Method
App. Rate . Number
(Ibs a.iJA) per Year | (lbs a.i./A) | (days)
Alfalfa (established) Aerial or
24 1 2.4 NA Ground Spray; | 222678
R 352-692
Chemigation
Alfalfa (seed) alfalfa Aerial or 352-666
grown for seed 1.2 1 1.2 NA Ground Spray;
Chemigation
Apple 3.2 2 3.2 NS Ground Spray | 352-692
Artichoke in California | 3.2 1 3.2 NA Ground Spray | 352-692
Asparagus 3.2 2° 4.8 N Ground Spray | 352-692
Barley (Western OR, Aerial or
Western WA) 1.6 1 1.6 NA Ground Spray | 352-678
at planting
R'\;'g:tf:r‘;‘ g’Re)fm' 16 1 16 NA Ground Spray | 352-692
Blueberry, Caneberry, one
Gooseberry application
(Western OR, 2.4 2 3.2 in Fall and Ground Spray | 352-678
Western WA) Spring
Blackberry, one
Boysenberry, application
Dewberry, 24 2 3.2 in Fall and Ground Spray | 352-692
Loganberry, Sprin
Raspberry (CA) pring
Citrus (CA) 3.2 2 6.4 60 Ground Spray | 352-692
Corn 0.8 1 0.8 NA Ground Spray | 352-692
Cotton (Preplant CA) 16 y 29 NA Aerial or 352-692
Ground Spray
g;t;‘r’;e(ni‘fé A 0.6 2 2.2 NS Ground Spray | 352-692
Filberts (except CA) 2.2 2 3.2 150 Ground Spray | 352-692
Grape 3.2 2 6.4 90 Ground Spray | 352-692
Grass Seed Crops Aerial or
(OR and WA) 2.4 1 2.4 NA Ground Spray 352-692
ggt:tg"i’r:“g&(‘wx D | 12 1 12 NA Ground Spray | 352-692
gzt:tgg'i“;‘gk(dvr\;: Dy | 1 1 16 NA Ground Spray | 352-692
Olives (CA) 1.6 2 3.2 NS Ground Spray | 352-692
Papaya 4.0 1 4.0 NA Ground Spray | 352-692
Peas (Austrian field) Aerial or
(Western OR) 1.6 1 1.6 NA Ground Spray | 352692
Peach 2.2 2.2
(3.0in CA) 1 (3in CA) NA Ground Spray | 352-692
Pear 3.2 2 3.2 NS Ground Spray | 352-692
Pecan 3.2 1 3.2 NA Ground Spray | 352-692
Peppermint/Spearmint | 2.4 NS NS NS Ground Spray | 352-692
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Max.

Number

Annual

App.

Use(s) Single of App. | App. Rate | Interval App. Method Label
App. Rate . Number
(Ibs a.i./A) per Year | (Ibs a.i./A) | (days)
Red Clover
(Western OR) 1.6 1 1.6 NA Ground Spray | 352-692
Sorghum
(Southwestern States) 0.4 2 0.4 NS Ground Spray | 352-692
Tree Plantings
(CA, OR, WA) 2.4 NS NS NS Ground Spray | 352-692
chz?cxlnglta(l\zl\r;g;w'h) 2.2 2 3.2 Fall once | Ground Spray | 352-692
T (3.0in CA) (3in CA) in S’pring
Wheat (winter) Aerial or
(ID, OR, WA, East of 1.2 1 1.2 NA Ground Sora 352-692
the Cascade Range) pray
Wheat (winter) Aerial or
(OR, WA, West of the | 1.6 1 1.6 NA Ground Sora 352-692
Cascade Range) pray
General Weed Control
in non-crop and non-
timber (e.g. rights of
way, uncultivated Srrztrj;]d Spray
agricultural areas, g ) .
fence rows, industrial | 12.0 2 24 90 apphcatlon_of 228-654;
sites, intermittently gzzﬁfs with | 352-692
flooded areas such as ;
marshes, swamps, equipment
and bogs after water
has receded)
Irrigation and Ground Spray
Drainage Ditches ordry
(when dry) 12.0 NS NS NS application of | 35, 5o
granules with
ground
equipment
24 (c) CA: citrus in once in Microsprinkler 352-678;
Fresno and Tulare 3.2 2 3.2 Fall, once i ati(?n CA-
Counties in Spring 9 050005
24 (c) CA: Lilly bulbs 352-678;
in Del Norte County 4.0 NS 4 NS Ground spray | CA-
870038
24 (c) OR: Triticale 1.2 east of 1.2 east of 352-678:
Cascades; Cascades; ’
1 NA Ground spray | OR-
1.6 west of 1.6 west of 010029
Cascades Cascades
24 (c) OR: Triticale 1.2 east of 1.2 east of 352-692:
Cascades; Cascades; ’
1 NA Ground spray | OR-
1.6 west of 1.6 west of 010030
Cascades Cascades
24 (c) OR: Triticale 1.2 east of 1.2 east of .
Cascades; Cascades; 352-678;
1 NA Ground spray | OR-
1.6 west of 1.6 west of
070032
Cascades Cascades
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Max.
Single Number | Annual App. Label
Use(s) A of App. | App. Rate | Interval App. Method
pp- Rate . Number
(Ibs a.i./A) per Year | (Ibs a.i./A) | (days)
24 (c) OR: Field grown once in 352-678;
Easter Lilies in Curry | 4.0 2 6 Fall, once | Ground spray | OR-
County in Spring 080020
24 (c) OR: Grasses 9779-
grown for seed Aerial or 329;
2.4 1 2.4 NA Ground Spray | OR-
940025
24 (c) OR: Grasses 9779-
grown for seed Aerial or 318;
2.4 1 2.4 NA Ground Spray | OR-
920023
24 (c) WA: Ryegrass Aerial or 19713-
grown for seed 1.6 1 1.6 NA Ground Spray 36; WA-
000034
24 (c) WA: Ryegrass 19713-
grown for seed Aerial or 274;
16 1 16 NA Ground Spray | WA-
000033
1. NS = not specified
2. In Washington, apply a single application only

Metabolites and Degradates.

Diuron degrades in the environment to four major (>10% of the applied parent) and four
minor (<10% of the applied parent) metabolites and degradates. The major metabolites
are: carbon dioxide (CO2), N-(3,4-dichlorophenyl)-N-methylurea (DCPMU), N'-(3-
chlorophenyl)-N,N-dimethylurea (MCPDMU), and 1,1-dimethyl-3-phenylurea (PDMU).
The minor metabolites include: 4-dichlorophenylurea (DCPU); 3,4-dichloroaniline (3,4-
DCA), N-(3-chlorophenyl)-N-methylurea (CPMU), and 3,3',4,4'-tetrachlorobenzene
(TCAB) (EPA, 2009b). Additionally, diuron products contains two impurities from the
manufacturing process, TCAB and 3,3',4,4'-tetrachloroazoxybenzene (TCAOB), both
‘dioxin-like’ substances. TCAB levels between 0.15 and 28 ppm have been found in

diuron samples tested. TCAOB is present at lower levels (EPA, 2009b).
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Linuron

Linuron is a substituted urea herbicide registered for use on several agricultural crops and
some non-agricultural sites. It was first registered in 1966 and is currently used for
preplant, preemergence, postemergence, or post-transplant weed control. Linuron is a
systemic herbicide that targets grasses and broadleaf weeds by inhibiting the photosystem
II reaction center (EPA, 2008). Three companies currently hold active registrations for
11 products containing linuron including four technical products (EPA Reg. No. 19713-
158, 19713-386, 61842-22 / 352-679, and 61842-24 / 352-726) and 7 end —use products
(EPA Reg. No. 19713-97, 19713-251, 61842-20 / 352-660, 61842-21 / 352-677, 61842-
23 /352-686, 61842-24 / 352-726, 66330-218 / 51036-78). There is one SLN registration
in California, and none in Idaho, Oregon, and Washington (EPA Reg. No. CA-020006).
There are no emergency use registrations for linuron in California, Idaho, Oregon, or

Washington.
Usage Information.

Typical use pattern suggest approximately 400,000 lbs of linuron are applied each year to
agricultural use sites in the United States
(http://water.usgs.gov/nawqa/pnsp/usage/maps/show_map.php?year=02&map=m1993).
Application to sorghum, cotton, potatoes, and carrots account for about 80% of the
domestic agricultural uses. In California linuron use has generally declined over the last
decade from approximately 82,000 Ibs in 1998 to 59,000 Ibs in 2008 (CDPR, 2010).
Washington State Department of Agriculture estimates total maximum usage of linuron
on asparagus, carrots, and wheat at 3,367, 4,952, and 12,066 Ibs, respectively (WSDA,

2010e). Use estimates for other crops, and non-crop areas were not available.

Agricultural Uses. Linuron use sites in the action area include asparagus, bulbs (CA),
carrots, celery, corn, kenaf, marigolds grown for seed (CA), parsley grown for seed (OR,

WA), parsnips, sorghum, soybeans, wheat, post-harvest crop stubble and fallow lands.

Non-agricultural Uses. Non-crop areas such as roadsides and fence rows (EPA Reg. No.

19717-97).
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Registered Formulation Types. End use products containing linuron are formulated in
wettable powders, flowable concentrates, water dispersible granules, and liquid
suspensions. One linuron formulation also contains diuron (EPA Reg. No. 352-660).

Otherwise, all active labels of linuron contain a single active ingredient.
Methods and Rates of Application.

Methods. Linuron is applied through chemigation, ground boom, or other ground
application methods. Aerial applications are not permitted. Several labels provide
recommendations for tank mixtures with surfactants and herbicides. For example, one
label suggests possible tank mixtures with alachlor, atrazine, Prowl 3.3 EC, Lexone,
gramoxone , glyphosate, metribuzin, and 2,4-D (e.g. EPA Reg. No. 19713-97). Some
labels contain soil type restrictions to manage the risk of surface and ground water

contamination (EPA Reg. No. 19713-97, 352-660, 352-677).

Application Rates. Active labels allow for a maximum single application rate of up to

41bs of linuron/A and a maximum annual application rate of up to 6 lbs a.i./A. Most field

crops allow 1-2 1bs a.i./A for a single application and < 2 lbs a.i./A annually (Table 6).

Table 6. Summary of all authorized use sites and application restrictions for active linuron

products.
. Number | Annual

Max. Single App.
Use(s) App. Rate of App. | App. Rate Interval | App. Method Label

(Ibs a.i./A) per (Ibs (days) Number

o Year a.i./A)
4 / season
1 Ground 19717-97
Asparagus 4.0 NS Or NS Chemigation | 19713-251
6 /year
Bulbs 2 Ground
(CA only) 1.0 NS NS NS Chemigation 19717-97
do not

1.5 apply -

Celery 1.0 (in CA) 1 NS within 67 Ground 19717 -97
days

Corn 1.5 NS® NS NS Chemigation 19717 -97
Parsnips 1.5 1 1.5 NA Ground 19717 -97
Sorghum 1.0 2 NS NS Chemigation | 19717 -97
Soybeans5 2.0 NS NS NS Ground 19717 -97
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Max. Single Number | Annual App
Use(s) App. Rate of App. | App. Rate Interval | App. Method Label
(Ibs a.i./A) per (Ibs (days) Number
o Year a.i./A)
2 Ground
Wheat, (Sprin At least Chemigation:
Drill planted winter 0.3t01.8° an% 9 |05-35 |4 Preemergent | 19717 -97
(ID,OR,WA) months broadcast
Fall) spray
Non-crop weed
control: Ground
Roadsides, fence 3.0 NS NS NS Chemigation 19717-97
rows, , etc.
Carrots 10 NS 2/year | NS Ground 19710-251
Chemigation
Cotton 0.67 Max3 | 12/ 21day | 5 0ng 352-660
(not in CA) season minimum
Kenef 1.0 1 1 na Ground 352-677
Chemigation
Post Harvest, Crop 1 (fallow
stubble, fallow ground, | 2.0 season) 2 NA Ground 352-677
stale seedbed
2 in first Supplemental
24 (c) OR, WA: g;c;‘g’gnng registration
Parsley grown for seed 10 and 2in | NS 21 qay NS numpers not
minimum provided
second 352-686
growing
season
24 (c) CA: CA-020006
Marigolds grown for 1.0 1 1 NA Ground
seed (1812-320)

1. NS = not specified

2. Pre-emergence, only during growing season
3. Single application is specified, but not clear if that is a yearly or seasonal limit
4. One pre- and one post-emergent applications permitted
5. The soybean use directions include multiple types of applications and recommended mixtures. These are
further broken down by soil texture and % organic material.

6. West of Cascades = 1.75, East of Cascades (with 10-20 in rainfall) = .25 (varies w/ rainfall)

7. This formulation includes an equal amount diuron as an additional active ingredient

Metabolites and Degradates.

In the soil, linuron degrades to 3,4-dichlorobenxenamine (DCA), n-(3,4-dichlorophenyl)-

N-methylurea (DCPMU), N-(3,4-dichlorophynyl)-N”” methoyurea (DML), AND (3,4-

dichlorophenyl)urea (DCPU). In anaerobic aqueous environments, major degradates

include desmethoxy linuron and desmethoxy monolinuron (EPA, 2004b).
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Captan

Captan was first registered in 1951 to control fungal disease in fruit crops. It is currently
registered as a non-systemic fungicide in orchards, vineyard, turf, ornamentals, and a
large variety of food crops. The mode of action of captan is inhibition of normal cell
division on a broad spectrum of microorganisms and fungi. Captan inhibits the process
of oxidative phosphorylation in fish, invertebrates, and other nontarget aquatic and
terrestrial organisms (EPA, 2007¢). There are 43 active labels for end use products
containing captan that are held by nine registrants. There are five SLN registrations in
California, Idaho, Oregon, and Washington (EPA Reg. No.CA020017, CA100006,
CA980023, OR030029, OR070024).

Usage Information

EPA estimates more than 5 million Ibs of captan are applied annually for domestic uses
(EPA, 2004¢). Recent data from California indicate agriculture use of captan has
declined from over 1.5 million Ibs to approximately 350,000 Ibs during the last decade
(CDPR, 2008). Washington State Department of Agriculture estimates total annual usage
of captan in apples, blueberries, cane berries, and strawberries at 10,903 — 104,754 1bs,
based on recent crop patterns and surveys of typical use (WSDA, 2010b). Recent usage

for other crops and recent information for Oregon and Idaho is not available.

Agricultural Uses. Grasses/turf (seed crops, ornamentals, sod farms, grapes, honeydew,
kale, lentils, lespedeza, lettuce, milo, mustard seed, nectarines, oats, onions, okra,
peaches, prunes, peanuts, peas, peppers, potatoes, roses, radish, raspberries, rye, rutabaga,
strawberries, Swiss chard, soybeans, spinach, squash, safflower, sunflower, sesame,

greenhouse, sorghum, sugar beets, tomatillo, tomatoes, turnips, wheat, lily bulbs.

Non-agricultural Uses. Active labels allow captan use on turf (golf course, lawn seed

beds) and ornamentals.
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Registered Formulation Types. Captan is formulated into more than forty end-use
products including liquid, dust, and granular formulations. Ten formulations include

mixtures of one or more other active ingredients. Captan is mixed with the fungicides

PCNB (e.g., EPA Reg. No. 264-949), thiophonate-methyl (e.g., 264-998), trifloxystrobin

(e.g., 264-999), carboxin (e.g., 400-555), metalaxyl (e.g., 400-561), sulfur (e.g., 4-355),
and fenhexamid (e.g., 66330-48), and the insecticides imidacloprid (e.g., 400-568),
malathion (e.g., 4-59), and carbaryl (e.g., 4-122).

Methods. Captan is a contact fungicide applied as a seed treatment, a root dip, an in-
furrow application, and by various ground and aerial foliar applications. Several active
labels suggest captan can or should be applied with other fungicides and/or insecticides
(e.g., EPA Reg. No. 4-459, 19713-235, 19713-268, 19713-362, 19713-385, 19713-405,
62575-6, 66222-1, 66222-24, 66222-66, 66330-209).

Application Rates. Active labels allow for a maximum single application rate of up to

4.5 1bs captan/A and an annual application rate of up to 35 Ibs captan/ acre (Table 7).

Many products are applied as seed treatments and consequently only applied once per

year. However, up to 8 foliar applications/year are allowed in several crops.

Table 7. Summary of all authorized use sites and application restrictions for active captan

products.
Max. Annual A
Single Number of Pp- App. Interval | App. Label
Use(s) Rate
App. Rate | App. per Year . (days) Method Number
. (Ibs a.i./A)
(Ibs a.i./A)
Alfalfa, Clover, 19713-
Lespedeza, 0.2 1 12 NS Seed dip
- 161
Trefoil
Aerial or gggéé:gg
Almonds 4.5 1 20 7 Boom 66222-24
Spray
Aerial or 66330-27
Apples 4 8 26.3 14 Boom 66330-29
Spray 66330-54
Aerial or
Apricots 2.5 NS 12.5 NS Boom 66330-
209
Spray
Artichoke NS NS NS NS NS 400-568
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Use(s)

Max.
Single
App. Rate
(Ibs a.i./A)

Number of
App. per Year

Annual App.
Rate
(Ibs a.i./A)

App. Interval
(days)

App.
Method

Label
Number

Azaleas

2.0

NS

NS

Root dip

19713-
235
19713-
258
19713-
268
19713-
362

Barley

0.04

12

NS

Seed dip

264-931
66330-
238

Beans (dry and
shap)

0.03

NS

NS

Seed dip

264-931
66330-
238

Beans

0.1

NS

NS

Seed dip

264-931
66330-
238
400-567

Beets

0.01

12

NS

Seed dip

264-928

Begonias

2.0

NS

NS

Root dip

19713-
235
19713-
258
19713-
268
19713-
362

Blackberries

2.0

10

14

Aerial or
Boom
Spray

19713-
258
19713-
268

Blueberries

2.5

NS

35

10

Aerial or
Boom
Spray

19713-
268
19713-
258

Blue Grass

0.2

NS

NS

Seed dip

19713-
161

Brassica (Cole)

0.03

NS

NS

Seed dip

400-568

Cabbage

NS

NS

NS

Seed dip

19713-
258
66330-27

Canola

.005

NS

NS

Seed dip

400-568
400-567

Cauliflower

NS

NS

NS

Seed dip

19713-
258

Camellias

NS

NS

Root dip

19713-
235
19713-
258
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Max.

Annual App.

Single Number of App. Interval | App. Label
Use(s) App. Rate | App. per Year Rate . (days) Method Number
. (Ibs a.i./A)
(Ibs a.i./A)
19713-
268
19713-
362
Cantaloupe 264-931
pe, 0.003 1 12 NS Seed dip 66330-
Cucumber 238
19713-
235
19713-
. : 258
Carnations 1 NS NS 10 Root dip 19713-
268
19713-
362
Carrots NS 1 NS NS Seed dip 22213'
Aerial or 32213'
Cherries 2 8 14 14 Boom 19713-
Spray 268
19713-
235
19713-
. 258
Chrysanthemums | 2 1 NS NS Root dip 19713-
268
19713-
362
Cilantro NS 1 NS NS Seed dip jgg:gg?
Clover N/A 1 NS NS Seed dip ;gg“’"
Cole Crops
(Broccoli, 264-931
Brussels 0.05 1 12 NS Seed dip | 66330-
Sprouts, 238
Cabbage,
Cauliflower)
Conifers NS NS NS NS Seed dip 32213'
Cotton - Acid .
Delinted 0.01 1 NS NS Seed dip 264-931
Cotton - Fuzzy 0.01 1 NS NS Seed dip 264-931
Cotton - Machine | ; 1 NS NS Seed dip | 264-931
Delinted
Collards N/A 1 NS NS Seed dip ;gg“’"
Corn - Field 0.02 1 NS NS Seed dip 264-931
Corn - Sweet 0.04 1 NS NS Seed dip 264-931
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Max.

Annual App.

Single Number of App. Interval | App. Label
Use(s) App. Rate | App. per Year Rate . (days) Method Number
. (Ibs a.i./A)
(Ibs a.i./A)
Cowpeas 0.06 1 NS NS Seeddip | 50500
Crucifers 264-931
(mustard, radish, | 0.007 1 12 NS Seed dip 66330-
rape, turnips) 238
Cucurbits NS 1 NS NS Seed dip 400-568
19713-
Aerial or ?3%3_
Dewberries 2 8 10 14 Boom 258
Spray 19713-
268
Dichondra 0.01 1 NS NS Root dip 66222-66
19713-
258
Eggplant N/A N/A N/A N/A N/A 400-568
400-567
264-931
Flax 0.06 1 NS NS Seed dip 66330-
238
19713-
235
19713-
Gladiolus 0.8 1 NS NS Rootdip | 228
19713-
268
19713-
362
19713-
258
Gladiola Bulbs | 0.04 1 NS NS Seed dip ;g??"
66330-
238
Aerial or
Ginseng 2 8 15.6 10 Boom e
Spray
Grasses (seed) 0.1 1 NS NS Seep dip 264-931
19713-
Grasses Aerial or 235
(Ornamental)/ 19713-
Turf (Golf 1 2 4.3 8.6 goom 258
Course) pray 19713-
268
19713-
Grasses (Lawn Aerial or 235
Seedbeds)/Turf 1 2 4.3 8.6 Boom 19713-
(Sod Farms) Spray 258
19713-
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Max.

Annual App.

Single Number of App. Interval | App. Label
Use(s) App. Rate | App. per Year Rate . (days) Method Number
. (Ibs a.i./A)
(Ibs a.i./A)
268
Aerial or ;%13-
Grapes 2 8 12 14 Boom 19713-
Spray 268
Honeydew NS 1 NS NS Seed dip 52213_
Kale NS 1 NS NS Seed dip ;g;“’"
19713-
258
Lentils 0.1 1 12 NS Seed dip gggo“'
66330-
238
19713-
. 258
Lespedeza 04 1 NS NS Seed dip 66330-
238
19713-
. 258
Lettuce NS 1 NS NS Seed dip 400-568
19713-
Milo 0.3 1 NS NS Seed dip 32230_
238
Mustard Seed 0.9 1 NS NS Seed dip | 400-568
Aerial or 19713-
Nectarines 2 NS 24 14 Boom 258
Spray 19713-
268
264-931
Oats 0.05 1 NS NS Seed dip 66330-
238
Onions NS 1 NS NS Seed dip 66330-
238
Onions . 19713-
(pelleting) 0.04 1 NS NS Seed dip 161
Okra NS 1 NS NS Seed dip ;g??"
Paint Additive NS NS NS NS Additive 66330-31
. 19713-
Aerial or 258
Peaches 4.0 NS 32 14 Boom 19713-
Spray 268
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Max.

Annual App.

Single Number of App. Interval | App. Label
Use(s) App. Rate | App. per Year Rate . (days) Method Number
. (Ibs a.i./A)
(Ibs a.i./A)
Plums/Fresh Aerial or 32213-
Prunes (Western | 2.0 NS 27 14 Boom 19713-
us) Spray 268
Peanuts 0.1 1 1 NS Seeddip | 50500
Peas 0.01 1 12 Ns Seeddip | 50500
Peppers _
(California 0.01 1 NS NS Seeddip | 1000
wonder)
Peppers 0.7 1 12 NS Seeddip | 50000
Dusted at ‘218255226
Potatoes 1.0 1 NS NS cutting for 19713-
seed 258
19713-
235
Aerial or 32213'
Roses 1.0 NS NS 14 Boom 19713-
Spray 268
19713-
362
Radish 0.07 NS NS NS Seeddip | 50500
Aerial or 32213_
Raspberries 2 8 10 14 Boom 19713-
Spray 268
264-931
Rye, Triticale 0.3 1 12 NS Seed dip 66330-
238
Rutabaga NS 1 NS NS Seeddip | o0
Aerial or ;%13_
Strawberries 3.0 8 24 7 Boom 19713-
Spray 268
Swiss Chard 0.01 1 12 NS Seed dip 66330-
238
Soybeans 0.2 1 12 NS Seeddip | 50500
Spinach 0.2 1 12 NS Seeddip | 20500
Squash,
Watermelon, 0.01 1 12 NS Seed dip | 96330-
. 238
Pumpkin,
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Max. Annual App
Single Number of ) App. Interval | App. Label
Use(s) Rate
App. Rate | App. per Year . (days) Method Number
(Ibs a.i./A)
(Ibs a.i./A) -
Muskmelon
Safflower NS 1 NS NS Seeddip | pon'
Sunflower 0.1 1 12 NS Seed dip 22230'
Sesame NS 1 NS NS Seeddip | pon'
Root 66330-
Soil/Greenhouse dip/soll 234
Bench 0.01 1 NS NS condition/ | 66330-
Spray 239
Sorghum (Milo) | 0.01 1 12 NS Seed dip | 990"
Sugar Beets — . 66330-
Western US 0.01 1 12 NS Seed dip 238
Tomatillo 0.3 1 NS NS Seed dip | 400-568
400-568
Tomatoes 0.3 1 NS NS Seed dip 19713-
258
Turnips 0.01 1 NS NS Seeddip | 50500
264-931
Wheat 0.03 1 12 NS Seed dip | 66330-
238
CA-
24 (c) CA: NA . 020017;
Strawberry NS 1 NA Plantdip | 51036.
166
Soak
24 (c) CA: couton | G~
Lily bulbs- 4 1 ‘ NA then apply 100006;
. 1973-156
solution
in-furrow
. Soak CA-
2 O pe | NS 1 NS NA bulbsin | 980028;
y solution | 264-931
24 (c) OR: Soak (?35)-029-
o NS 1 NS NA bulbs in '
Easter lily . 19713-
solution
156
Seed
gﬁfor;?s treatment
24 (c) OR: and 0.76 for export, | OR-
Grass Seeds for rams NA NA NA not for use | 070024;
Export Only 9 immediate | 400-554
captan /kg v ori
y prior to
seed )
planting

1. NS = not specified
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M_ax. Annual App.

Single Number of App. Interval | App. Label
Use(s) Rate

App. Rate | App. per Year (Ibs a.i./A) (days) Method Number

(Ibs a.i./A) o

Metabolites and Degradates

Captan degrades in soil or water include tetrahydrophtalate (THPI), trichloromethylthio
(TCMT), tetrahydrophthalimic acid (THPAm), cyclohex-4-ene-2-cyano-1-carboxylic
acid (THCY), inorganic sulfur and chlorine, and thiophosgene (EPA, 2003a).

Chlorothalonil

Chlorothalonil is a broad spectrum pesticide, used primarily as a fungicide and registered
for use on a variety of crop and noncrop sites (€.g. nursery, home and garden, golf
course). It has also been registered for use as a wood protectant, antimold and
antimildew agent, bactericide, mirobiocide, algaecide, insecticide, and acaricide (EPA,
1999b). Chlorothalonil’s exact mechanism of toxicity for vertebrate species is unknown,
although in fungus it is reported to interfere with cellular respiration by binding
glutathione (EPA, 2007b). More than 40 companies hold active registrations for
pesticides containing chlorothalonil, and there are more than 100 enduse products
containing chlorothalonil are currently registered with EPA
(http://ppis.ceris.purdue.edu/htbin/cnamlst?2.com). There are eleven SLN registrations in
California, Idaho, Oregon, and Washington (EPA Reg. No. CA-030010, CA-960027,
OR-000023, OR-030008, OR-990038, OR-990037, OR-990039, OR-990040, WA-
000003, WA-020012, WA 000014). There are no emergency use registrations (section

18) for chlorothalonil in California, Idaho, Oregon, or Washington.
Usage Information.

EPA reported an average domestic use of approximately 15 million lbs of chlorothalonil
per year for the period 1999-2000 (EPA, 2003b). Recent data show use of chlorothalonil
has declined in California over the last decade from approximately 1.8 million Ibs in
1998 to 558 thousand Ibs in 2008 (CDPR, 2009). In recent years, the greatest use of

chlorothalonil in California has been on tomatoes, almonds, and landscape maintenance.
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Washington State Department of Agriculture estimates total annual usage of
chlorothalonil on potatoes exceeds 96,000 lbs and approximately 20, 000 — 28,000 Ibs of
chlorothalonil are used on onions. Annual use of chlorothalonil on cranberry (1,000 —
12,000 Ibs), Christmas trees (1,000-18,000 lbs), and iris and tulip bulbs (600-1,200 1bs)
account for a smaller proportion of current use of the chemical in Washington (WSDA,
2010c). Estimated use on other sites in Washington and recent usage information for

Oregon and Idaho is not available.

Agricultural Uses. Chlorothalonil is approved for use on a variety of vegetables, field,

orchard, turf, and ornamental crops.

Non-agricultural Uses. Non-agricultural uses of chlorothalonil include golf courses,
conifers, lawns around commercial and industrial buildings, and collegiate and
professional athletic fields. They also include landscape areas around residential,
institutional, public, commercial and industrial buildings, parks, recreational areas and
athletic fields. It is also used as a wood protectant, antimold, and antimildew agent.
Although labels allow use on forest stands of conifers, Syngenta indicates that in practice
it is not used for general forestry management. Further, Syngenta is working with all
existing chlorothalonil registrants to get all existing chlorothalonil labels amended to
clarify that conifer use includes nursery beds, Christmas tree and bough production
plantations, tree seed orchards, and landscaping, but not applications to forests (Syngenta,

2011).

Registered Formulation Types. End use products containing chlorothalonil are available
in a variety of liquid applied formulations including emulsifiable concentrates, wettable
powders, and water dispersable granules. Chlorothalonil end-use pesticides frequently
contain other active ingredients such as propiconazole (e.g., EPA Reg. No. 100-1347),
azoxystrobin (100-1315), mandipropamid (100-1279), mefenoxam (100-1221), and
fludioxonil (100-1231).
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Methods and Rates of Application.

Methods. Chlorothalonil may be spray-applied by aerial and ground application

methods, including chemigation. Tank dip applications are also authorized for bulbs and

several plants. Some labels specify that the product must not be applied within 150 feet

for aerial and air-blast applications, or 25 feet for ground applications of marine/estuarine

water bodies (EPA Reg. No. 50534-201). Several labels indicate that chlorothalonil

products can be tank mixed with many commonly used insecticides, fungicides, and

spray adjuvants (EPA Reg. No. 100-800).

Application Rates. Active labels allow for a maximum single application rate of up to

11.3 1bs of chlorothalonil/A on golf courses and some lawn and turf use sites (Table 8).

Most agricultural applications are restricted to single application rates of <5 lbs

chlorothalonil/A. However, the maximum seasons application rates are quite high for

some field crops (celery 18 Ibs a.i./A), nut and fruit crops (pistachio 22.5 Ibs a.i./A),

ornamentals (36.4 Ibs a.i./A), and golf course applications (27 and 73 Ibs a.i./A for

fairways and greens, respectively).

Table 8. Summary of all authorized use sites and application restrictions for active
chlorothalonil products.

Max. Single | Number of znnu;;te App. Label
Use(s) App. Rate App. per Pp. Interval App. Method
. (Ibs Number
(Ibs a.i./A) Year a.i/A) (days)
. 8.8 per .
Brassica, head and 15 NS growing 7-10 Air, grour?d or 60063-7
stem chemigation
season
. 8.8 per .
Chinese (napa) 15 NS growing | 7-10 Alr, ground or | 54564 7
cabbage chemigation
season
Curbits: Cucumber,
Cantaloupe,
Muskemelon,
Honeydew melon,
Watermelon, Squash, 15.75 per Air. around or
Pumpkin, Zucchini 25 NS growing 7-10 » groun 60063-7
i . chemigation
Additional Crops: season

Chayote,

Chinese waxgourd,
Gourds,
Momordica spp.
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Max. Single

Number of

Annual

App.

Use(s) App. Rate App. per ﬁ‘gg Rate Interval App. Method Il:litr):tI)er
(Ibs a.i./A) Year a.ilA) (days)
Fruiting Vegetables
(does not include 9.0 per
tomatos): Eggplant, e ) Air, ground or 50534-201;
Groundcherry, 1.2 NS g;c;v;/;nng 7-10 chemigation 50534-188
Okra, Pepino,
Peppers
12.0 per Air, ground or
Ginseng 15 NS growing | 7-10 e 60063-7
season chemigation
18.0 per Air, ground or
Horseradish 2.3 NS growing 7-10 I 60063-7
season chemigation
6.0 per Air, ground or
Lupine, Lentil 1.1 NS growing 7-10 h, groun 60063-7
season chemigation
. 4.7 per Air, ground or
Persimmon 0.9 NS g;oav;/:)nng 14 chemigation 60063-7
13.5 per Air, ground or
Rhubarb 2.3 NS growing | 7-10 » groun 60063-7
season chemigation
11.25 per Air, ground or
Yam 1.1 NS growing | 10-14 » groun 60063-7
season chemigation
Turf / sod farms 11.3 NS 13.0 7 Air, ground or | 54534 502
chemigation
Turf / lawns around
commercial/industrial
buildings, collegiate
and professional NS - Sora
athletic fields, 113 1-NS 26.0 7 Aol 50534-209
ornamental turfgrass PP
(lawns at homes,
apartments, etc.,
excluded)
73.0 Variable
Golf courses tees, 1-2 . greens, . depending Air, ground or 50534-202;
- 11.3 depending on | 52.0 tees; | on o
greens and fairways . chemigation 50534-209
rate 26.0 concentration
fairways® | rates
2.1 lbs./100 36.4 per
Ormamentals gallons NS r(')wi'f] 714 Air, ground or 50534-202;
water®; geasong chemigation 66222-149
1.51b./ac
Dip tank, then
Flowering bulbs Dip once spray apply
caladium, crocus, 3 3 prior to material to fie -
(caladi 4.1 NS 36.4 ior t terial to field 50534-202
daffodil, iris, lily, ’ ’ planting with ground
tulip) bulbs application
equipment.
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Annual

Max. Single | Number of App.
Use(s) App. Rate App. per App. Rate Interval App. Method Label
(Ibs a.i./A) Year (Ibs (days) Number
o a.i./A)
Conifers For as long as 7-21
Christmas tree 4.1 conditions are 16.5 depending Air. around sora 66222-149;
plantations; forestry ) favorable for ’ on size of 9 Pray | 50534-201
applications’. disease. trees.
66222-149;
Asparagus 3.0 NS 9.0 14-28 Ground 50534-201
Beans, Dry:
Including but not
limited to:
Navy, Pinto, Kidney,
Lima, Broad, Pink, ) Air, ground spray | 66222-149;
Jack, Cow pea, Chick | 12 NS 6.0 710 or chemigation | 50534-201
pea (Garbanzo),
Black-eyed pea,
Southern Pea
. 66222-149;
Beans, Snap 23 NS 9.0 7 Air, ground spray 50534-201
. 66222-149;
Blueberry 3.0 NS 9.0 10-14 Air, ground spray 50534-201
Cabbage, Broccoli,
Cauliflower, Brussels . 66222-149;
sprouts, Chinese 1.5 NS 12.0 7-10 Air, ground spray 50534-188
Mustard Cabbage
Air, ground spray | 66222-149;
Carrot 15 NS 15.0 7-10 or chemigation 50534-201
Air, ground spray | 66222-149;
Celery 2.3 NS 18.0 / or chemigation | 50534-188
. 66222-149;
Corn 1.5 NS 9.0 7 Air, ground spray 50534-201
4 ) Air, ground spray | 66222-149;
Cranberry 5.0 NS 15.0 10-14 or chemigation 50534-201
Grasses grown for Air, ground spray | 66222-149;
seed 15 NS 4.5 14 or chemigation 50534-201
. 66222-149;
Mango 2.6 NS 24.0 7-14 Air, ground spray 50534-201
Mint (Oregon) 1.0 NS 3.0 7-10 Air, ground spray | 66222-149
. Air, ground
g""’.“ (dry bulb), and | , , NS 15.0 7-10 spray, or 50534-201
arlic e
chemigation
bolTr:?:lljli(lgr)een Air, ground spray | 26222-149;
9 : 2.3 NS 6.75 7-10 » 9round Spray | 50534-201;
Leek, Shallot, Onion, or chemigation
- 50534-188
Garlic grown for seed
66222-149;
Papaya 2.3 NS 6.75 14 Ground spray 50534-201;
50534-188
Parsnip 15 NS 6.0 7-10 Alr, ground spray | g5505_ 149
or chemigation
Peanut 1.1 NS 9.0 14 Recommended 66222-149;

61




Max. Single

Number of

Annual

App.

Use(s) App. Rate App. per App. Rate Interval App. Method Label
(Ibs a.i./A) Year (It_)s (days) Number
o a.i./A)
to alternate 50534-201
chemigation with
air or ground
spray
Air, ground spray | 66222-149;
Potato 11 NS 11.25 5-10 or chemigation 50534-201
Air, ground spray | 66222-149;
Soybean 18 NS 4.5 10-14 or chemigation 50534-201
Air, ground spray | 66222-149;
Tomato 22 NS 151 714 or chemigation 50534-201
Strawberry Air, ground spra
(non-bearing 1.2 NS 15.0 10-14 » 9round spray | ggo92.149
: or chemigation
nurseries)
. 66222-149;
Almonds 3.0 NS 18.75 NS Air, ground spray 50534-201
. . 66222-149;
Filberts 3.0 NS 9.0 14-28 Air, ground spray 50534-201
Fruit Trees:
Apricot, Cherry i
(sweet and tart), 3.1 NS 15.5 10-14 Air, ground spray | Soeaa 0%
Nectarine, Peach
Plum, Prune
66222-149;
Pistachio 4.5 NS 22.5 28 Air, ground spray | 50534-201;
50534-188
Passion Fruit 1.5 NS 7.5 14 Ground spray 50534-201
Wood protectant and Brush. sprav. or
antimildew and 16.3° NS NS NS rush, spray, 577-544
.. dip application
antimildew agent
24 (c) CA: 11/100 CA-
Strawberry éllons One dip per 15 NS Tank dio onl 960027;
Transplants 9 season ponly 50534-188
water
24 (c) CA: 11/100 CA-
Strawberry éllons NS 15 10-14 Ground spray or | 960027;
(non-bearing 9 chemigation 50534-188
. water
nurseries)
24 (c) WA: 4.1/100 WA-
treatment for “bulb gallons NS 36.4 NS Tank dip only 000003:
rot” water 50534-202
24 (c) OR: Al d 590040
Sugar beets (seed 1.3 NS NS NS If, ground spray i ’
. or chemigation re:50534-
production only) 188
OR-
24 (c) OR: Air, ground spray | 990038;
Mint 11 3 3.3 7-10 or chemigation 50534-
188-10182
24 (c) OR: Air, ground spray | OR-
Mint 1.0 3 3.0 7-10 or chemigation 990037;
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Max. Single

Number of

Annual

App.

Use(s) App. Rate App. per ﬁ‘gg Rate Interval App. Method Il:litr):tI)er
(Ibs a.i./A) Year a.ilA) (days)
50534-201
OR-
4.1/100
24 (c) OR: . 000023;
Ornamental Bulbs | 9217 NS NS NS Tankdiponly | 50534
202-100
. 6.0 per . WA-
(2:‘:“(;)( VZ‘:é 15 5 growing | 7-10 A groudd o 620012,
P season 9 60063-7
24 (c) WA:
Conifer seedlings For as long as 16.5 per WA
forest tree nurser conditions are -
and green house y 4.2 favorable for | 9rowing 7-14 Ground spray 000014;
management. disease. season 50534-202
24 (c) OR: 6.0 per ) . OR-
Chickpeas 15 5 growing 7-10 ﬁ;réﬁgmn:ﬁsg)r:ay 030008;
season 9 66222-149
24 (c) OR: Air, ground spray OR-
Sugar beets (seed 1.3 NS NS NS or <’:hemi ation 990039;
production only) 9 0534-201
One dip
. 2.0/100 before CA-
é‘:a(gl)o?:s corms gallons storage, one NS NS Tank dip only 030010;
water before 50534-209

planting

1. NS = not specified
Label discrepancy allows for much higher annual use rate than could be achieved considering single
application maximum and limits on number of applications

3. Bulbs dipped in solution at rate of up to 5.0 Ibs. product / 100 gallons of water. This ratio is equivalent to 4.125
Ibs. a.i. / acre as calculated assuming 100 gallons of solution applied/A.

4. Label specifies not to apply to bogs when flooded or allow release of irrigation water from bogs for at least 3
days following application.

5. Wood stain product containing 0.7% chlorothalonil and 0.3% bis(tributyltin) oxide. Apply at rates of up to 1

gallon / 150 ft°. Assumed net weight of 8 Ibs/gallon as net weight not provided.

6. Syngenta indicated they will remove pachysandra from their labels so that the maximum single application
rates for ornamentals will be reduced to 1.16 Ib a.i./A.
7. Syngenta indicated they will clarify labels to indicate that the only conifer uses will include: conifer nursery
beds, Christmas tree and bough production plantations, tree seed orchards and landscaping.

Metabolites and Degradates.

EPA has identified 4-hydroxy-2,5,6-trichloro-1,3-dicyanobenzene (SDS-3701) as a

degradate of concern for terrestrial organisms due to its elevated toxicity and persistence

relative to chlorothalonil (EPA, 2007b). It is ubiquitous in the environment and
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consistently found at 10 — 40% of the applied parent. Four other degradates/metabolites
(SDS-19221, SDS-46851, SDS-47523/SDS-47524, and SDS-47525) have been identified

as products in aerobic soil or anaerobic aquatic conditions (EPA, 1999b).

Action Area

The action area is defined as all areas to be affected directly or indirectly by the federal
action and not merely the immediate area involved in the action (50 CFR §402.02).
Given EPA’s nationwide authorization of these pesticides, the action area would
encompass the entire U.S. and its territories. These same geographic areas would include

all listed species and designated critical habitat under NMFS jurisdiction.

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

EPA initiated consultation on its authorization of 37 pesticide a.i.s and their effects on
listed Pacific salmonids under NMFS’ jurisdiction and associated designated critical
habitat in the states of California, Idaho, Oregon, and Washington. Consequently, for
purposes of this Opinion, the action area consists of the entire range and most life history
stages of listed salmon and steelhead and their designated critical habitat in California,
Idaho, Oregon, and Washington. The action area encompasses all freshwater, estuarine,
marsh, swamps, nearshore, and offshore marine waters of California, Oregon, and

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

2).

2,4-D, triclopyr BEE, diuron, linuron, captan and chlorothalonil are the fourth set of
pesticides identified in the consultation schedule established in the settlement agreement
and are analyzed in this Opinion. NMFS’ analysis focuses only on the effects of EPA’s
action on listed Pacific salmonids in the above-mentioned states. It includes the effects
of these pesticides on the recently listed Lower Columbia River coho salmon, Puget
Sound steelhead, and Oregon Coast coho salmon. The Lower Columbia River coho
salmon was listed as threatenedin 2005. The Puget Sound steelhead and the Oregon

Coast coho salmon were listed as threatened in 2007 and 2008, respectively.
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EPA’s consultation with NMFS remains incomplete until it analyzes the effects of its
authorization of pesticide product labels with these six compounds for all remaining
threatened and endangered species under NMFS’ jurisdiction. EPA must ensure its
action does not jeopardize the continued existence or result in the destruction or adverse
modification of critical habitat for other listed species and designated critical habitat

under NMFS’ jurisdiction.
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Figure 2. Map showing extent of inland action area with the range of all ESU and DPS
boundaries for ESA listed salmonids highlighted in gray.
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Approach to this Assessment

Overview of NMFS’ Assessment Framework

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

“action area” for a consultation.

The second step of our analyses identifies the listed resources (endangered and threatened
species and designated critical habitat) that are likely to occur in the same space and at
the same time as these potential stressors. If we conclude that such co-occurrence is
likely, we then try to estimate the nature of co-occurrence (these represent our Exposure
Analyses). In 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 and the populations or
subpopulations those individuals represent. Spatial analyses are used to overlay each
species range with land types that pesticides are used on including agriculture,
urban/residential, forested, and right of ways, to evaluate co-occurrence of pesticides and

salmonids.

Once we identify which listed resources are likely to be exposed to potential stressors
associated with an action and the nature of that exposure, in the third step of our analysis
we examine the scientific and commercial data available to determine whether and how
those listed resources are likely to respond given their exposure (these represent our
Response Analyses). We integrate the exposure and response analyses within the Risk
Characterization section to assess the risk to listed individuals and their habitat from the

stressors of the action.

67



In the Risk Characterization Section, we also determine whether population level effects
are anticipated (these analyses are conducted within the risk characterization phase).
NMFS’ analysis is ultimately a qualitative assessment that draws on a variety of

quantitative and qualitative tools and measures to address risk to listed resources.

In the final steps of our analyses, we establish the risks posed to listed species and to
designated critical habitat. This part of the analysis is found within the Integration and
Synthesis section where spatial analyses are used to determine overall risk to listed

resources.

Our jeopardy determinations for listed species must be based on an action’s effects on the
continued existence of threatened or endangered species as those “species” have been
listed, which can include true biological species, subspecies, or distinct population
segments of vertebrate species. Because the continued existence of listed species
depends on the fate of the populations that comprise them, the viability (that is, the
probability of extinction or probability of persistence) of listed species depends on the
viability of the populations that comprise the species. Similarly, the continued existence
of populations are determined by the fate of the individuals that comprise them;
populations grow or decline as the individuals that comprise the population live, die,

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

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

population-level risks to the species those populations comprise.

We evaluate risks to listed individuals by measuring the individual’s “fitness” defined as
changes in an individual’s growth, survival, annual reproductive success, or lifetime

68



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
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
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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

Population models run by NMFS

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

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.
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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, 1998a). Figure 3 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, 1998a). 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 (See Effects of the Proposed
Action to Threatened and Endangered Pacific Salmonids and Effects of the Proposed
Action to Designated Critical habitat). Below, we briefly describe the problem

formulation phase in the general framework.

Problem Formulation

Problem foumulation 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 (listed species and 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 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 employ a species-centric approach, rather than a chemical-centric
approach. 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.

! Which may be referred to as ERAs, BEs (Biological Evaluations) or pesticide risk assessments in various
locations through out this document.
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Table 9. Salmonid life stage and habitat assessment endpoints and measures.

Salmonid Life

Assessment Endpoint

Assessment Measure

Stage individual fitness Measures of cfl;&r;gsess in individual
Egg” Size, hatching success, morphological

* If egg appears
permeable to
pesticides, may vary by
pesticide type, Kow, Or
formulation

Development

deformities

Survival

Viability (percent survival)

Alevin (yolk-sac fry)

Respiration

Gas exchange, respiration rate

Swimming: predator
avoidance and/or site fidelity

Swimming speed, orientation, burst
speed, predator avoidance assays

Yolk-sac utilization,growth
rate, size at first feeding

Rate of yolk absorption, growth
weight and length

Development

Morphology, histology

Survival

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

Fry, juvenile, smolt

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

Time to first feeding, starvation

LCso, (dose-response slope). Percent

Survival dead at a given concentration

Growth Stomach _contents, weight, length,
starvation, prey capture rates

Feeding Stomach contents, weight, length,

starvation, prey capture rates

Swimming: predator
avoidance behavior, migration,
use of shelter

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

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
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Salmonid Life

Assessment Endpoint

Assessment Measure

Stage Individual fitness Measures of cl.1anges in individual
fitness
Feedin Prey consumption rates, stomach
9 contents, length and weight
Swimming: predator Behavioral assays,numbers of adult
avoidance, migration, returns, numbers of eggs fertilized or
spawning,feeding redds, stomach contents
Histological assessment of
Sexual development . : X
ovaries/testis,measurements of intersex
Olfaction: predator Electro-olfactogram (EOG)
: : . measurements,
avoidance,homing, spawning ;
behavioral assays
In-stream:
Aquatic primary producers, Growth inhibition bioassays (EC,sor
salmonid prey ECso), prey survival (ECs); field
abundance, dissolved S0/ 3 \ =~50)s |
oxygen and pH measure community metrics
’ direct measurement
natural cover for
Habitat salmonids

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

Growth inhibition (EC,5 or ECsp),
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.

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 herbicides 2, 4-D, triclopyr BEE, diuron, and linuron is sufficient to:
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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 diuron and linuron can act in combination to increase adverse
effects to salmonids and salmonid habitat.
4. Exposure to active ingredient degradates, adjuvants, tank mixtures, and other active
and other ingredients in pesticide products containing 2, 4-D, triclopyr BEE, diuron,
linuron, captan, and chlorothalonil cause adverse effects to salmonids and their habitat.
5. Exposure to other pesticides present in the action area can act in combination with 2, 4-
D, triclopyr BEE, diuron, linuron, captan, and chlorothalonil 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 (PCEs) 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
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 six
a.i.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.
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Table 10. Essential physical and biological features named as PCEs in all salmonid critical
habitat designations.

Site 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 Juvenile and adult mobility and survival

quantity, and natural cover®

forage Juvenile growth and development
Estuarine areas Free of obstruction, water quality and Juvenile and adult physiological
quantity, and salinity transitions between salt and freshwater
Natural cover® and forage® and water Growth and maturation
quantity
Nearshore Marine areas | Free of obstruction, water quality and Growth and maturation, survival

quantity, natural cover® and forageb

Offshore marine areas Water quality and forage® Growth and maturation

@ Natural cover includes shade, large wood, log jams, beaver dams, aquatic vegetation, large rocks and
boulders, side channels, and undercut banks.
® 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;

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;
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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 that 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 3 and Figure 4.
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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. Then we evaluate
measured and estimated environmental concentrations of the stressors from various
sources. In this section we also evaluate spatial and temporal co-occurrences of the use
sites and salmon habitat. The Response section details toxicity information for the
assessment endpoints identified in the problem formulation. In the Risk Characterization
sections for listed species and designated critical habitat, we integrate the exposure and
response information and evaluate the risk hypotheses. Risk Characterization may also
include population-level analyses to determine if effects on an individual fitness are

sufficiently large to affect population parameters
Integration and Synthesis

We begin Integration and Synthesis with with a summary of risk associated with each of
the a.i.s. In separate sections for listed species and critical habitat, we combine these risk

conclusions regarding the effects of the proposed action with information in the Status of
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the Species and Environmental Baseline to determine potential effects on populations and

species.
Conclusion

Based on the potential effects for each species, we determine if the effects of 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

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

environment.

In recent pesticide risk assessments, probabilistic techniques have been used to evaluate
the probability of exceeding a “toxic” threshold for aquatic organisms by combining
pesticide monitoring data with species sensitivity distributions (Geisy 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
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deemed appropriate to pair the salmonid prey responses with exposure probabilities based
on monitoring results given the limitations of that data set discussed in the Effects of the
Proposed Action. To evaluate population consequences associated with potential
lethality from pesticide exposure in salmon, NMFS selected the lowest reported salmonid
LCso from the available information to ensure risk was not underestimated. When we
consider the data limitations coupled with the inherent complexity of EPA’s proposed
action in California, Idaho, Oregon, and Washington, we find that probabilistic
assessments at population and species scales introduce an unquantifiable amount of
uncertainty that undermines confidence in derived risk estimates. These same studies do
not factor the status of the 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 2,4-D, triclopyr BEE, diuron, linuron, captan and chlorothalonil -

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) Scientific Name 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
Chinook salmon Oncorhynchus Threatened
(Snake River Spring/Summer-run*) tshawytscha
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 Oncorhynchus kisutch h

. i . reatened
California 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

2 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 of any species of vertebrate fish or
wildlife which interbreeds when mature (16 U.S. C 1533).” Pacific salmon 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/

Comm_on Nz_ame _(D|§t_|nct Pop_ulatlon Segment or Scientific Name Status
Evolutionarily Significant Unit)

Steelhead (Middle Columbia River*) Threatened
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.
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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 (TRTs) have identified historic populations within
ESUs/DPSs. These historical populations have been categorized based on their
distribution and demographic role (i.e., functionally independent, potentially
independent, or dependent). Functionally independent (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).

* 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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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).

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 2.

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
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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 attributes (€.g., water temperature, water quality,
forage, 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. 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.

NMES 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;
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(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; (i1) 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.

(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; (i1) 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:
(1) 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.

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

1. Juvenile summer and winter rearing areas,

2. Juvenile migration corridors,
87



3. Areas for growth and development to adulthood,
4. Adult migration corridors, and

5. 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 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). 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
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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 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
returns 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.
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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
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
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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
III, & 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 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
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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; 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
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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.

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.
They included elevated water temperature, earlier spring runoff and lower summer flows,

and winter flooding.
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Puget Sound Chinook Salmon

The Puget Sound ESU (Figure 5) 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.
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Table 12. Puget Sound Chinook salmon - preliminary population structure, abundances,
and hatchery contributions (Good et al 2005).

. Historical Mean Number T
Independent Populations Abundance of S Abundance
pawners Contributions

Nooksack-North Fork 26,000 1,538 91%
Nooksack-South Fork 13,000 338 40%
Lower Skagit 22,000 2,527 0.2%
Upper Skagit 35,000 9,489 2%
Upper Cascade 1,700 274 0.3%
Lower Sauk 7,800 601 0%
Upper Sauk 4,200 324 0%
Suiattle 830 365 0%
Stillaguamish-North Fork 24,000 1,154 40%
Stillaguamish-South Fork 20,000 270 Unknown
Skykomish 51,000 4,262 40%
Snoqualmie 33,000 2,067 16%
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
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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 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 5. Puget Sound Chinook salmon distribution.
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Status and Trends

NMEFS 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 6). 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 4 Subbasin

HUC 5 Watershed conservation Value (CV)

HighCV | PCE(s)’ Meg\';‘m PCE(s)' | LowCV | 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 (1) 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 (1) 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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Figure 6. 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 7) 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.
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Lower Columbia River Chinook ESU
Sub-Basin Range and Distribution
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Figure 7. 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

NMEFS 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,
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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 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 Abundance of Abundance
Spawners Contributions
Grays River (WA) 2,477 99 38%
Elochoman River (WA) Unknown 676 68%
Mill, Abernathy, and German o
R 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
Salmon Creek and Lewis
F-R River (WA) 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%
SR Upper Cowlitz River (WA) Unknown Unknown Unknown
Tilton River (WA) Unknown Unknown Unknown
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_ Historical Mean Number Hatchery
Run Population Abundance of Abundance
Spawners Contributions
Cispus River (WA) Unknown 1,787* Unknown
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%
Upper Columbia Gorge (WA) 2,363 136 13%
F-R Big White Salmon R (WA) Unknown 334 21%
Lower Columbia Gorge (OR) Unknown Unknown Unknown
Hood River (OR) Unknown 18 Unknown
SR 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 1bs 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 <I; 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
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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 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

NMEFS designated critical habitat for LCR Chinook salmon on September 2, 2005 (70 FR
52630). It includes all Columbia River estuarine areas and river reaches proceeding
upstream to the confluence with the Hood Rivers as well as specific stream reaches in a

number of tributary subbasins.

As shown in Figure 8, 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 Watershed conservation Value (CV)

High CV

PCE(s)’

Medium
CVv

PCE(s)’

Low CV

PCE(s)’

Middle-
Columbia/Hood

6

N

©)

0

Lower
Columbia/Sandy

3. 1)

Lewis

Lower
Columbia/Clatskanie

(3,2)

Upper Cowlitz River

Lower Cowlitz

G, 1)

Lower Columbia

Middle Willamette

Clackamas

Lower Willamette

Lower Columbia
Corridor

= [ (OIN[R~Ol N (N N

o (N|o|o|=|~|o| W (o] -

O ([O|=|= oo =~ (O] =

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 8. 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 9).

Upper Coulmbia River Chinook ESU
Sub-Basin Range and Distribution
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Figure 9. Upper Columbia River Chinook salmon distribution.
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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.

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.

Mean Number Hatche
. Historical of Y
Population Abundance
Abundance Spawners o
- Contributions

(Range)
Methow River ~2,100 680 (79-9,9-04) 59%
Twisp River Unknown 58 redds (10- 54%

369)
Chewuch River Unknown 58 :efgg)(G- 41%
Lost/Early River Unknown 12 (3-164) 54%
Entiat River ~380 111 (53-444) 42%
. 5 470 (119 - o

Wenatchee River 2,400 4,446) 42%
Chiwawa River Unknown 109 redds (34- 47%
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1,046)
Nason Creek Unknown 54 rggg)s (8- 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.

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,
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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

NMES 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 10).

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

HUC 5 Watershed conservation Value (CV)
HUC 4 Subbasi i
ubbasin 1 ighcv | PCE(s)’ Meg\';‘m PCE(s)' | Low CV | PCE(s)'
Chief Joseph 1 (3) 0 0 0
Methow 5 (1, <2, <3) 2 (1,2) 0
Upper 2 42
Columbia/Entiat 3 (3,25 17 1 (3) 0
Wenatchee 3 (1, 2, <3) 2 (2,1) 0
Moses Coulee 1 (1, =0.8mi) 0 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 ! (3) 0 0
Lower Columbia 3
Corridor al (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 10. Upper Columbia River Spring-run Chinook salmon Conservation Values per
Sub-Area

Snake River Fall-run Chinook Salmon

The Snake River (SR) Fall-run Chinook salmon ESU (Figure 11) includes all naturally
spawned populations of fall-run Chinook salmon in the mainstem Snake River below
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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 11. Snake River Fall-run Chinook salmon distribution.
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Life History

Adult SR Fall-run Chinook salmon enter the Columbia River in July and migrate into the
Snake River from August through October. Fall-run Chinook salmon generally spawn
from October through November. Fry emerge from redds from April through June
(Tiffan, Rondorf, Connor, & Burge, 2001). Fry rear two months or more in the sandy
littoral zone along the river margins above Lower Granite Dam before passing over the
dam (William P. Connor, Burge, & Waitt, 2002; S. G. Smith, Muir, Hockersmith, &
Zabel, 2003). Sub-yearling smolts pass over the Lower Granite Dam from June through
October with most migration occurring from July through September (Tiffan, et al.,
2001). Sub-yearlings increase their rate of seaward movement as they progress

downstream (S. G. Smith, et al., 2003).

Historically, SR Fall-run Chinook salmon exhibited a largely ocean-type life history.
However, as a consequence of dam construction, this ESU now resides in water that is
cooler than the historic spawning areas, and alteration of the Lower Snake River by
hydroelectric dams has created a series of low-velocity pools in the Snake River. Thus,
Fall-run Chinook salmon in the Snake River Basin now exhibit one of two life histories:
ocean-type and reservoir-type (W.P. Connor, Sneva, Tiffan, Steinhorst, & Ross, 2005;
Tiffan, et al., 2001). The reservoir-type life history is one where juveniles overwinter in
the reservoirs created by the dams, prior to migrating out of the Snake River. SR Fall-run
Chinook salmon spend one to four years in the Pacific Ocean before beginning their

spawning return migration.

Status and Trends

NMEFS 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.
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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.

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
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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

NMEFS designated critical habitat for SR Fall-run Chinook salmon on December 28, 1993
(58 FR 68543). It includes 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 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

120



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 12). 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 12. Snake River Spring/Summer-run Chinook salmon distribution.
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
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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

NMEFS 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 Historical Spawners Hatchery Abundance
P Abundance b 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 rg%‘iﬁ )(194- 62%
Big Sheep Creek Unknown 0.25 redds (0-1) 97%
Little Salmon Unknown Unknown Unknown
South Fork Salmon River Unknown 496 r(-:éd7dgs) (@rr- 9%
Secesh River Unknown 144 redds (38- 4%
444)
Johnson Creek Unknown 131 rzgg)s (49- 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/EIk 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 r1p£n1 ;O.2 h Unknown
East Fork Salmon summer Unknown 1.22 rpm (0.35 — 0%
run 5.32)
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 214 rgr;g()o.ﬂ B Unknown
Upper Salmon spring run Unknown 69 redds (25-357) Unknown
Upper Salmon summer run Unknown 0.24 rgrgs()().m 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
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spawners by the late 1960s (Fulton, 1968). Between 1981 and 2000, total returns
fluctuated between extremes of 1,800 and 44,000 fish. The 2001 and 2002 total returns
increased to over 185,000 and 97,184 adults, respectively.

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

NMEFS 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,
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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 Dam:s).

NMES 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
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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.

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 13). 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 13. Upper Willamette River Chinook salmon distribution.

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
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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 (0 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

NMES 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 Albiqua 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 SIGEE [T HEE TETG)
Populations Abundance REIET Abur)dar_lce
Abundance Contributions
Clackamas River Unknown 2,910 64%
Molalla River Unknown 52 redds >93%
North Santiam River Unknown ~7.1rpm >95%
South Santiam River Unknown 982 redds >84%
Calapooia River Unknown 16 redds 100%
McKenzie River Unknown ~2,470 26%
Middle chil:/éli\'hllamette 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).
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Critical Habitat

NMEFS designated critical habitat for this species on September 2, 2005 (70 FR 52630).
Designated critical habitat includes all Columbia River estuarine areas and river reaches
proceeding upstream to the confluence with the Willamette River as well as specific

stream reaches in a number of subbasins.

NMEFS 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.

Table 20. UWR Chinook salmon watersheds with conservation values.

HUC 5 Watershed conservation Value (CV)
HUC 4 Subbasin | b oy | PeE(s)” Mecd\'fm PCE(s)! | LowCV | PCE(s)"
Middle Fork
Willamette 4 (1) 6 (2.1) 0
Coastal Fork
Willamette 0 0 4 21
Upper Willamette 0 3 (2,1) 3 (2)
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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

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 14. 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 14. 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).

. Historic Spawner | Mean Number of JEHSTETR)
Population Abundance S Abundance
pawners Contributions
Eel River (includes * tributaries 156-2.730 ~30%
elow) — 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 Unknown Unknown 0
effluents
Total 20,750-72,550 Unknown

Status and Trends

NMES 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 (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

NMEFS 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
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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).

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

15).

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

HUC 5 Watershed conservation Value (CV)

HUC 4 Subbasin | ihcv | PeE(s) Medim | 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 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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Figure 15. California Coastal Chinook salmon Conservation Values per Sub-Area.

138

P=41"N

40N



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 16). 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.
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Figure 16. Central Valley Spring-run Chinook salmon distribution.
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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.

Status and Trends

NMEFS 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).
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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 Natural Spawner Hatchery
Population Production Production’ Abundance? Abundance
(1967 — 1991) (2000 — 2006) (2000- 2006) Contributions
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 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
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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

NMEFS 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 17, seven watersheds received a low rating, 3 received a
medium rating, and 27 received a high rating of conservation value to the ESU (NMFS,
2005¢). 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 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.
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Table 24. CV Spring-run Chinook salmon CALWATER HSA watersheds with conservation
values.

HUC 5 Watershed conservation Value (CV)
HUC 4 Subbasin i
Highcv | PCE@s)’ | MeAI™ | 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)
NorF’;h Diablo 0 1 (1,2, 3) 0
ange
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
PCEs 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 contaminants such as mercury and
pentachlorophenol enter the aquatic food web after reaching water and may be

concentrated or even biomagnified in salmon tissue.
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Figure 17. 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 18). 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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Figure 18. Sacramento River Winter-run Chinook salmon distribution.
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Status and Trends

NMEFS 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

NMEFS 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.

NMEFS 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
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deposition, and via point source discharges. 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.

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
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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 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., steclhead,
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). Chum salmon are also affected by shifts in climatic

conditions that alter patterns and intensity of precipitation.
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Hood Canal Summer-run Chum Salmon

The Hood Canal (HC) Summer-run chum salmon ESU (Figure 19) 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.
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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 Unknown ~60 Unknown
Creek
Salmon/Snow creeks Unknown ~2,200 0-69%
Hood Canal Bigltittle Qullcene | Ynknown ~4,240 5-51%
Dosewallips River Unknown ~900 Unknown
Duckabush River Unknown Unknown Unknown
Hammz-,_l Hamma Unknown ~758 Unknown
River
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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Figure 19. Hood Canal Summer-run Chum salmon distribution.
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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.
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Status and Trends

NMEFS 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 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
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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.

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 20), 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)
Aucasubbasin | ighev | pee@) | MEGU™ | peE(s)! | Lowev | PCE(S)'
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
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salmon. These degraded conditions likely maintain low population abundances across

the ESU.

Hood Canal Summer-Run Chum ESU
Conservation Value of HUC 5 Watersheds
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Figure 20. Hood Canal Summer-run Conservation Values per Sub-area.
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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 21). 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.
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Columbia River Chum ESU
Sub-Basin Range and Distribution
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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 e Spawner bl Abqndance
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.

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
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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

NMES 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)
(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). Itis
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
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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 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.
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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 (Table 28). The remaining three
subbasins were given a medium conservation value (Figure 22). Washington's federal

lands were rated as having high conservation value to the species.

Table 28. CR chum salmon watersheds with conservation values.

HUC 5 Watershed conservation Value (CV)

HUC 4 Subbasin Medium

1 1
cV PCE(s) Low CV | PCE(s)

High CV PCE(s)"

Middle

Columbia/Hood 3 (3) 0 0

Lower

Columbia/Sandy (3, 1)

Lewis

(3)

Lower

Columbia/Clatskanie (3,2,1)

Cowlitz

3)

N[W] W [N W

Lower Columbia

3,2,1)
Lower Columbia
Corridor all (3, 1)

o [O|w|l © (O] ©
o ([O|of © (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.

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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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.€., 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
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emergence, fry move to areas with weak water currents such as backwaters and shallow
areas near the stream banks. As the fry grow, 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/1, 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)
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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 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; N. P. 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
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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). 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 quantity 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).

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 23). This ESU also includes 25
artificial propagation programs (70FR 37160, June 28, 2005).
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Lower Columbia River Coho ESU
Sub-Basin Range And Distribution
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Figure 23. 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, et al., 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

NMES 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
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(Scappoose and Clatskanie) after a 10-year period during the 1980s and 1990s when they
were largely absent (McElhany, et al., 2007).

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
L Spawner Hatchery
River/Region A';'usrt]%g?]acle Abundance: Abundance
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 Unknown Unknown Unknown
creeks
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 CoIL_lmbla_Rlver gorge Unknown Unknown Unknown
tributaries
Big White Salmon river Unknown Unknown Unknown
Upper Columbia River gorge Unknown 1,317/2 >65%
tributaries
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
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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 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

NMEFS has not designated critical habitat for Lower Columbia River coho salmon.

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 24). One hatchery stock, the Cow Creek

(ODFW stock # 37) hatchery coho, is included in the ESU. This artificially propagated
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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 24. Oregon Coast Coho salmon distribution.
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Status and Trends

NMEFS 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 RO HEHE T
s historic status Abundance Sl AR
Abundance Contributions
Necanicum P-I1 68,500 1,889 35-40%
Nehalem F-I 333,000 18,741 40-75%
Tillamook F-I 329,000 3,949 30-35%
Nestucca F-I 104,000 3,846 ~5%
Siletz F-I 122,000 2,295 ~50%
Yaquina F-I 122,000 3,665 ~25%
Alsea F-I 163,000 3,621 ~40%
Siuslaw F-I 267,000 16,213 ~40%
Umpqua F-1* 820,000 24,351 <10%
Siltcoos and - o
Tahhenitch P-I 100,000 15,967 0%
Tenmile P-I 53,000 3,251** 0%
Coos F-I 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-I = 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 20002002 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

NMEFS 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
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stream miles including all or portions of the Nehalem, Nestucca/Trask, Yaquina, Alsea,

Umpqua, and Coquille basins.

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 25).

Table 31. OC coho salmon watersheds with conservation values.

HUC 5 Watershed conservation Value (CV)

HUC 4 Subbasin :
HighCV | PCE(s)’ Meg\'fm 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 Umpqua 3 <<3) 8 (1,2,3) 1 (1)
Umpqgua 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
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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. 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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Oregon Coast Coho ESU
Conservation Value of Hydrologic Sub-Areas
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Figure 25. 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 26). 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 26. SONCC coho salmon distribution.
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Status and Trends

NMEFS 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
439% 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.

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 27)
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
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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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Status and Trends

NMEFS 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.
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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.

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).

Ri . Historical 18 1) Hatchery Abundance
iver/Region E Escapement oo
scapement (1963) Abundance Contributions
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 Mendacino County 10,000 470 Unknown
Gualala River 4,000 200 10,005 — 135,050
Russian River 5,000 255 7,998 — 415,730
Other Sonoma County 1,000 180 Unknown
rivers
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).

**Lagunitas 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
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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 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.

NMEFS (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.

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
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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.

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
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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).

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
28). 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.
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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 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).

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 '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

NMEFS 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.
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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 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
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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

NMES 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 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).

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,
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2005). The Redfish Lake is located in the Salmon River basin, a subbasin within the
larger Snake River basin (Figure 29).

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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Figure 29. SR Sockeye Salmon 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

NMEFS 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.
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Recent annual abundances of natural origin sockeye salmon in the Stanley Basin have
been extremely low. No natural origin anadromous adults have returned since 1998 and
the abundance of residual sockeye salmon in Redfish Lake is unknown. This species is

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

NMES 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 confl