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800 Buchanan Street
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Dear Director Seiber:

Fnclosed is the National Marine Fisheries Service’s (NOAA Fisheries) biclogical opinion
concerning the effects of the proposed five year Egeria densa Control Program in the Delta on
the endangered Sacramento River winter-run chinook salmon (Oncorhynchus tshawytscha),
threatened Central Valley steelhead (O. mykiss) and threatened Central Valley spring-run
chinook salmon (O. tshawtscha), and critical habitat for the Sacramento River winter-run
chinook salmon, Central Valley steclhead and Central Valley spring-run chinook salmon

(Enclosure 1).

NOAA Fisheries concludes that the U.S. Department of Agriculture-Agriculture Research
Service (USDA-ARS) and State of California Department of Boating and Waterways’ Fgeria
densa Control Program is not likely to jeopardize the continued existence of the winter-run
chinook salmon, steelhead, or spring-run chinook salmon, nor result in the destruction or adverse
modification of winter-run chinook salmon critical habitat, spring-run chinook salmon critical
habitat or steelhead critical habitat. Because NOAA Fisheries anticipates some incidental take of
winter-run chinook salmon, steelhead, and spring-run chinook salmon as a result of project
operations, an incidental take statement is also attached to the biological opinion. This take
statement includes several reasonable and prudent measures that NOAA Fisheries belicves are
necessary and appropriate to reduce, minimize, and monitor project impacts. Terms and
conditions to implement the reasonable and prudent measures are presented in the take statement
and must be adhered to in order for take incidental to this project to be exempt from the
prohibitions of section 9 of the Endangered Species Act.

The biological opinion also provides several conservation recommendations for winter-run
chinook salmon, spring-run chinook salmon, and steelhead trout that include the use of adaptive
management procedures that will decrease the risk of detrimental impacts on listed salmonids,

and studies designed to explore alternative control measures for Egeria densa to (1) reduce risks
to juvenile salmonid rearing and adult/juvenile migration and in the Sacramento-San .Toaqé}ux‘




Delta; (2) reduce dependence upon chemical controls in the Delta, and (3) focus on a long-term
goal of eradication of Egeria densa within the Sacramento-San Joaquin Delta.

This document also transmits NOAA Fisheries’ essential fish habitat (EFH) Conservation
Recommendations for chinook salmon (Oncorhynchus tshawtscha) as required by the
Magnuson-Stevens Fishery Conservation and Management Act (MSFCMA) as amended (16
U.S.C. 1801 et seq.; Enclosure 2).

The USDA-ARS has a statutory requirement under section 305(b)(4)(B) of the MSFCMA to
submit a detailed response in writing to NOAA Fisheries that includes a description of measures
proposed for avoiding, mitigating, or offsetting the impact of the activity on EFH, as required by
section 305(b)}(4)(B) of the MSFCMA and 50 CFR 600.920(j) within 30 days. If unable to
complete a final responsc within 30 days of final approval, USDA-ARS should provide NOAA
Fisheries an interim written response within 30 days, with a final, detailed follow-up response.

We appreciate your continued cooperation in the conservation of listed species and their habitat,
arid look forward to working with you and your staff in the future. If you have any questions '
regarding this consultation, please contact Ms. Shirley Witalis in our Sacramento Area Office,
650 Capitol Mall, Suite 8-300, Sacramento, CA 95814.. Ms. Witalis may be reached by '
telephone at (916) 930-3606 or by FAX at (916) 930-3629. ‘

Sincerely,

-~ Acting Regional Administrator

Enclosures (4)

cc:  Jim Lecky, NOAA Fisheries, PRD, Long Beach, CA
. Stephen A. Meyer, ASAC, NOAA Fisheries, Sacramento, CA
Lars Anderson,USDA-ARS Weed Science Program
Patrick Thalken, DBW
Justin Ly,USFWS
Rudy J. Schnagl, California Regional Water Quality Control Board
Bill Jennings, Deltakeepers ‘
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1. INTRODUCTION

This document represents the National Marine Fisheries Service (NMFS) biological opinion

- (Opinion) based on our review of information provided by the U.S. Department of Agriculture,
Agricultural Research Service (USDA-ARS) and the State of California Department of Boating
and Waterways (DBW) Weed Control Unit, for the implementation of the proposed Egeria densa
Control Program (EDCP) at several sites in the Sacramento/San Joaquin Delta and its tributaries,
in accordance with section 7 of the Endangered Species Act (ESA) of 1973, as amended (6

U.S.C. 1531 et 5q.).

This Opinion relies, in part, on the following documents: Egeria densa Control Program
Volume I+ A Draft Environmental Impact Report, March, 2000; Egeria densa Control Program
Volume II: Research Trial Reports, March 2000; Egeria densa Control Program Volume HI:
Response to Comments and EIR FErrata, February, 2001; the Biological Assessment for the
Egeria densa Control Program and Two-Year Komeen Research Trials, May 15, 2000; and the
Egeria densa Control Program Annual Report for 2001 Application Season. :

Consultation History

On April 17, 2000, NMFS received a public notice of availability of a Draft Environmental
tmpact Report (Draft EIR) for the Egeria densa Control Program.

On April 20, 2000, NMFS biologist Shirley Witalis attended a public meeting at DBW’s
Sacramento office to hear a description of the Egeria densa control methods, and was provided
with a copy of the Draft EIR. NMFS’ Sacramento and Santa Rosa offices prepared comments on
the proposed control program, and submitted letters to DBW on May 26, 2000.



A draft Environmental Enpact Report (EIR) for the proposed Egeria densa Control Program
(EDCP) was prepared by the State of California Department of Boating and Waterways (DBW)
and submitted to NMFES in March 2000. A Biological Assessment (BA) for the EDCP and Two-
Year Komeen® Research Trials, dated May 15, 2000, was received by NMFES on May 17, 2000.
Consultation for the control program was initiated by correspondence dated May 25, 2000, from
USDA-ARS, and received by NMFS on May 26, 2000.

A multi-agency meeting convened on September 7, 2000 to discuss the Egeria densa control
program in depth, and address the concerns of the U.S, Fish and Wildlife Service (USFWS) and
NMFS regarding EDCP’s potential impacts to listed species in the Delta. The meeting
discussion centered on developing an operations matrix of measures to reduce potential impacts
to listed species during Egeria densa control treatments and operations. ' '

Consultation on the EDCP continued through additional agency meetings on September 28%,
November 14% and December 14", 2000. Various participants included: Lars Anderson of
USDA-ARS; Don Waltz, Patrick Thalken, Tim Artz, and Marcia Carlock of DBW; Eliza Sater of
the Department of Water Resources (DWR); Joel Trumbo of California Department of Fish and
Game (DFG); Jim Gibson and Erik Nylund of the New Point Group, Consultants; Paul Hanna,
Kim Webb and Terry Adelsbach of the USFWS; and Shirley Witalis and Chris Tatara of NMFS.
Various written, electronic and oral communications concerning points of discussion and
clarification on issues occurred throughout this period between DBW and NMFS.

Additional information to the EDCP consultation included the tentative National Pollution
Discharge Elimination System (NPDES) Permit for the EDCP, dated March 12, 2001, and ‘
received by NMFS on March 16, 2001; and an official copy of the adopted California Regional

Water Quality Control Board Order No.5-01-106, dated May 25, 2001, and received by NMEFS

on May 30, 2001.

On July 23, 2001, NMFS sent a letter to USDA-ARS’s request of July 7, 2001 to initiate the
EDCP for the 2001 application season, if allowed to follow ESA-sanctioned protocols
established for the Water Hyacinth Control Program (WHCP). A total of 801 gallons of
Reward® and 7,050 pounds of Sonar® were applied to 348 acres during the 2001 EDCP treatment

seaso1r.

On September 25, 2001, NMFS received a letter from USDA, dated September 20, 2001, for re-
initiation of consultation on the EDCP for the following 2002 application season. :

On December 31, 2001, NMFS received the Annual Report for the Department of Boating and.
Waterway’s EDCP, 2000/01, prepared by the DBW staff of the Aquatic Week Unit. '

On January 18, 2002, a meeting was held among representatives of USDA-ARS, DBW, and
NMFS, to review of first season of the Egeria densa program, and the status of the Egeria densa

biological opinion.



On February 27, 2002, a memorandum from the California Department of Pesticide Regulatign
(DPR) was forwarded from DBW to NMFS, concerning DPR’s labeling guidelines for herbicides
including Reward®, weed control chemical in the EDCP.

On May 15, 2002, NMFS received a facsimile of the State Water Resources Control Board letter,
dated April 23, 2002, acknowledging receipt of a Notice of Intent from DBW to comply with the
terms of the statewide General Permit No.CAG290003. - _

On June 27, 2002, NMFS. received a Notice of Intent from DBW dated June 26, 2002, to begin
the EDCP with Sonar® chemical treatment at five high priority sites within the project area.

The Opinion’s terms and recommendations herein are based upon completed analysis of the
EDCP, and supercedes the conditions for implementation of the 2001 EDCP application season
as stated in NMFS’ July 23, 2001 letter to USDA-ARS. A complete administrative of this
consuliation is on file at NMFES’ Sacramento Field Office.

1. DESCRIPTION OF THE PROPOSED ACTION

The DBW requested the USDA-ARS to act as the federal nexus partner to implement the EDCP
and initiate formal consultation with the NMFS pursuant to section 7 of the ESA. The USDA-
ARS, in fulfillment of their directive to control and eradicate agricultural pests, has contracted
with the DBW to conduct research activities in association with the EDCP and to provide
guidance during implementation.

The Egeria densa Task Force, led by USDA, proposes to conduct a five-year program aimed at
chemically controlling the growth and spread of Egeria densa with the aquatic herbicides
Reward® and Sonar®, and a two-year study to research the aquatic herbicide Komeen® for its
possible future employment in the EDCP. Should the DBW determine at any point during the
five-year period that the EDCP is ineffective, the DBW would recommend to the legislature and
appropriate regulatory agencies that EDCP activities cease. However, if the EDCP is effective,
the DBW would submit supplemental environmental documentatjon that supports continuation
of the EDCP (DBW 2000). ' ‘

Egeria densa Control Program

The purpose of the EDCP is to control the growth and spread of Egeria densa (Egeria) in Delta
. waterways. Three state-registered control methods are proposed for EDCP treatment sites: (1)
contact herbicide Reward® (active ingredient Diquat); (2) systemic herbicide Sonar® (active
ingredient fluridone) in liquid agueous solution (A.S.), solid pellet form (SRP), and precision-
release pellet (SR) forms; and (3) mechanical harvesting. Reward® would be applied in fast
moving waters (76 percent of treatment acreage); Sonar® would be applied in slow-moving,
quiescent waters (21 percent of treatment acreage), and mechanical harvesting would be used to
gain immediate control of 3 percent of the treatment acreage. Based on the proposed 5-year
{reatment period, the DBW would apply 10,600 gallons of Reward®, 300 gallons of Sonar®A.S.,
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and 13,500 pounds of Sonar®SRP to Delta waters annually. Sonar”PR, recently incorporated in
the control regime, may be applied at some time during the 5-year EDCP. The EDCP would
treat 1,583 acres in years 1-2, increasing treatment to 1,733 acres in years 3-5. All proposed
treatment sites occur in the Delta; there is currently no evidence of Egeria found within Suisun
Marsh. Specific details of the EDCP can be found in the Egeria densa Control Program Volume

1: Draft Environmental Impact Report (DBW 2000a).

EDCP Action Area

Thirty-five (35) sites have been prioritized as potential EDCP treatment sites within the Delta. .
The Delta is defined as being bordered to the north by the I Street Bridge in Sacramento, to the
west by the Suisun Marsh Salinity Control Gates near Pittsburg, to the south by the junction of
Highways 5 and 205, and to the east by the Port of Stockton, covering overlapping jurisdiction of
six counties. The sites chosen for the EDCP are scattered throughout the Delta, but-are
prioritized on the basis of channel navigation (see Enclosure 2). ' :

Komeen® Research Trials

Komeen® is a non-selective liquid contact herbicide that contains eight-percent elemental copper.
The herbicide acts by inhibiting photosysthesis after being absorbed into plant tissue. DBW has
determined that Komeen® would be more effective in controlling Egeria in high flow conditions
in comparison to other EDCP herbicide controls. The goals of the Komeen® Research Trials are
to determine the long-term fate of copper applied to Delta waters, and whether copper
compounds in Komeen® could ionize to more toxic forms of copper. There will also be
additional laboratory toxicity tests conducted to assess Komeen toxicity to some fish and
invertebrate species. The proposed research trials would involve Komeen® application at three
50-acre sites in the Delta twice each year for two years, resulting in treatment of 300 acres per
year, or 600 treatment acres over the two-year period. Applications would be made to achieve a
water column concentration of 0.75 parts per million (ppm) copper, for a total amount of 6,07 5
gallons per year, or 12,150 gallons of Komeen® over the two-year trial period. Komeen® would
be applied using weighted hoses dragged below the water surface. Approximately 6,075 gallons
of Komeen® would be applied to the Delta annually. The three primary components of the Two-
Year Komeen® Research Trials are: (1) monitoring of sediment copper concentration, (2) |
assessment of Komeen® /copper bioaccumulation in target and non-target organisms, and (3)
laboratory toxicity studies. Tt is currently unknown if Komeen application produces measurable
increases in downstream sediment copper load or whether the copper compound in Komeen®
could ionize to more toxic forms of copper. If at the end of the 2-year study, it is concluded by
the USDA-ARS that Komeen® use is consistent with EDCP objectives and does not result in
significant environmental impacts, the DBW would take steps to incorporate Komeen® into the
EDCP. USDA-ARS would be required to re-initiate ESA consultation for project analysis |
incorporating Komeen® as an herbicide in controlling Egeria. :

Komeen® Action Area



The action area for the Komeen trials lies within the EDCP project area. Three sites have been
proposed for implementation of the Komeen trials during the 2-year study. The first two sites,
Sherman Island and Big Break Island, are high flow sites with partial and large tidal exchanges,
respectively; the third trial site, Disappointment Slough, is an area with high water ﬂow and large

tidal exchange (DBW 2000).

Natural History of Egeria densa

Egeria, family Hydrochantaceae is a non-native submerged, aquatic macrophyte that grows in
dense mats throughout approximately 3,900 surface acres, or eight percent of the 50,000 surface
acres of the Delta. Egeria is commonly used as decorative vegetation in aquaria, and has been
introduced world-wide from its native South East Brazil. In natural waters, it can grow at 1-3
meters depth within-a wide range of lentic and lotic systems. |

Growth rates depend largely on the amount of light and nutrients available. The biological
requirements of Egeria include medium to very high light exposure, water temperatures between
10-26°C, water hardness ranging from soft to very hard, and a pH range of 5 t010. Egeria has a

very high nutrient absorpuon rate.

Egeria will grow at less than opumum conditions, resulting in a lighter and thinner appearance.
The small leaves are strap-shaped, about one inch long and 1/4 inch wide, in whorls of three to
six around the stem. The white petal flowers are on short stalks about one inch-above the water.
Dense canopies of Egeria can block light from other plants living in the same area, and also
decrease dissolved oxygen (DO) levels during both the day and night. Egeria secretes antibiotic
substances which inhibit blue-green algae {Cyanobacteria) growth. The plant is able to
reproduce sexually and asexually, with fragmentation as the primary mechanism of reproduction.
Cyclic periods of drought, such as those experienced in the Central Valley of California,
encourage growth acceleration in Egeria. Egeria exhibits a lack of tolerance to saline water or

brackish conditions.
Control Methods

Reward®

Reward® (36.4 percent active ingredient diquat dibromide) is a non-selective herbicide requiring
direct contact with plant tissue to effectively kill the plant’s membranes. Reward® is the
expected method of control in 78 percent of the applications over the 5-year application program.
Twenty-two plots have been proposed for exclusive treatment with diquat and an additional
seven plots will be treated with diquat and in conjunction with another treatment method.

Diquat is-fast-acting and quickly absorbed through the plant cuticle, passing into the cytosol of
the plant. It then forms superoxide free radicals that are converted into hydrogen peroxides by
the enzyme superoxide dismutase. The hydrogen peroxide and superoxide anion can attack
polyunsaturated lipids present in the cellular membranes to produce lipid hydroperoxides which,
in turn, can react with unsaturated lipids to form more lipid free radicals (Klaassen 1996).
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Diquat easily binds with organic particles and its effectiveness is diminished (o a degree in turbid
and muddy waters (Murphy and Shelton 1996). Diquat dibromide's half-life is less than 48 hours
in the water column, and may be on the order of 160 to 1000 days in sediments due to its low
bioavailability (Tucker 1980 and Gillett 1970; Wauchope 1992). Because it quickly binds to
particles and becomes biologically unavailable, its persistence in waters is assumed to be limited.
At 22 days after a weed-infested artificial lake was treated, only 1 percent of the applied diquat
dibromide remained in the water and 19 percent was adsorbed to sediments (Howard 1991).

Although water soluble (Wauchope 1992), diquat’s capacity for strong adsorption to soil
particles suggest that it will not easily leach through the soil, be taken up by plants or soil
microbes, or broken down by sunlight (photochemical degradation). Field and laboratory tests
show that diquat usually remains in the top-inch of soil for long periods of time after it is applied
(Tucker 1980). Trophic status as well as nutrient levels influence diquat’s disappearance rate
(Pratt et al.1998). For example, cyanobactetia are very sensitive to diquat, exhibiting persistent
but varying response effects to the chemical in laboratory trials within low, medium and high

nutrient MICroCOSMS.

Sonar®

Sonar® is a systemic herbicide that is absorbed by plant shoots as well as the roots of aquatic
vascular plants. There are two formulations for Sonar®: Sonar®A.S. (aqueous liquid), to be
applied below the water surface, and Sonar®SRP (solid pellet), a controlled release form that is
broadcast over a treatment area. Sonar® PR, a variant of Sonar®SRP, is a precision release -
pellet. Sonar® A.S. (41.7 percent active ingredient fluridone) is the expected method of control
in 11 percent of the applications, and Sonar®SRP (5.0 percent active ingredient fluridone) is the
expected method of control in 8 percent of the applications, over the S-year EDCP program.
Sonar® PR may be adopted into the EDCP application regime in the future.

Fluridofe inhibits the formation of carotenoids, which enhances the degradation of chlorophyll,
thereby limiting photosynthesis (conversion of carbon dioxide and water into carbohydrates
utilizing light energy to drive the reaction). Sonar® is most effective when applied during the
early growth stages; its’ effect varies with season, stage of plant growth, and water movermnent.
Fluridone is not effective as a spot treatment (Murphy and Shelton 1996). ' '

Retention time changes seasonally, influenced by photopericds. Longer retention occurs when
photoperiods are short and/or indirect (during fall and winter). Sediment retention of fluridone
may be from four months to one year (CRWQCB 2001).

Mechanical Control

The DBW proposes to use mechanical harvesting on an estimated 3 percent of the treatment sites
to create pavigable channels by which their boat may enter an area to apply chemical control.
Harvesting removes surfacing mats of Egerig and creates open areas of water. The above-ground
portion of Egeria would be cut and removed, then transported from the harvester by a conveyer
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belt secured onto the levee. The cuttings would be collected by disposal vehicles positioned
under the conveyer belt, and moved to a disposal site. The Egeria would be allowed to dry for
30 days, and eventually be disked into the soil. Egeria does not appear to accumulate metals and
chemicals at a toxic or harmful level, and therefore would not contaminate disposal sites.

As Egeria spreads readily through fragmentation, mechanical controls such as cutting,

. harvesting, and rotovation (underwater rototilling) can be used only when the extent of the
infestation is such that all available niches have been filled. The use of mechanical controls
during plant invasion could enhance the rate of spread, as Egeria fragments left within the water
column can regenerate; therefore, DBW will only employ mechanical harvesting as deemed

necessary.

There is some chance that salmonids could be impacted by mechanical harvesting if they are
trapped under an Egeria mat when harvesting takes place. However, the probability is low, as
DO concentrations under Egeria matting would not be favorable to salmonids (falling below the

viable salmonid DO range 6 - 11 ppm).
EDCP Adaptive Management

DBW’s proposed operation and maintenance will allow the DBW to re-evaluate the project
- protocol as new data and information becomes available, to enhance the efficiency of the

program and minimize impacts to salmonids and critical habitat. The proposed adaptive

management strategies include: :

. evaluating the need for weed control measures on a site-by-site basis;
. selecting appropriate indicators for pre-treatment environmental monitoring;
. monitoring indicators following treatment and evaluating data to determine program

efficacy and environmental impacts;

»  supporting ongoing research to explore the impacts of the EDCP and alternative control
methodologies; : '

. reporting findings from monitoring evaluations and research to regulatory agencies and
stakeholders; :

. adjusting program actions, as necessary, in response to recommendations and evaluations

by regulatory agencies and stakeholders.

In addition, the EDCP Task Force will meet annually to discuss the status of the EDCP and
control specifics for upcoming Egeria treatment seasons. '

EDCP Protocol



The EDCP proposed treatment season extends from March through November. Five crews, each
consisting of a Specialist and a Technician, would carry out the control program. A Field
Supervisor would manage daily operations, and assign spray locations to the crews on a weekly
basis. Approximately 35 treatment sites have been identified for the first treatment season, and
would be prioritized according to impacts to navigation and the extent of obstruction. Treatment
locations would be determined by weather and tidal conditions, the presence of agricultural
crops, native vegetation, potable water intakes, and wildlife. Reward® and Sonar®A.S. will be

" applied from 19- to 21- foot airboats by subsurface applications through weighted hoses dragged
below the water surface. Reward® may be applied up to two times per year at a given site and
Sonar®A.S. will be applied over a six to eight week period with the total concentration of applied
herbicide not exceeding 150 parts per billion (ppb). Sonar® SRP will be broadcast over the
{reatment area from an airboat using hand-held spray nozzles. The total concentration of applied
Sonar® SRP will not exceed 150 ppb. Waste products, including both active and inert chemical
ingredients and dead plants, would be left to sink into the substrate or be carried downstream by
water flow. DBW operations are expected to result in DO level changes to no less than 5.0
milligrams per liter (mg/L) in open fast-flowing waters. DBW operations are expected to operate
at DO level conditions of 3.0 mg/L in closed, shallow, and/or slow-gradient waters.
Temperatures are expected to increase by no more than 4"F in the receiving waters due to the
project’s implementation (or 2°F, depending on ambient water temperatures). No control
chemical will be discharged under high wind, high water flow or wave action because these
actions disperse chemicals and could indirectly target listed salmonids during herbicide

application.

Reward® Landscape and Aquatic Herbicide applications for the control of Egeria may be applied '
at 14-day intervals, as needed, to ensure control of missed plants and regrowth; 1/3 to 1/2 of the
water body area may be treated at one time. Number of applications are limited to 4 per treated

arca per year.

Sonar®A.S., Sonar® SRP, and Sonar® PR are to be applied to slow-moving bodies of water in a
pattern that provides uniform distribution and avoids concentration of the herbicide.

The DBW is obliged to follow the DPR procedures for pesticide application, and to obtain a’
Restricted Use Permit from the County Agricultural Commissioner of each county where they

will be treating.
EDCP Monitoring Program

As a requirement of the NPDES permit, the DBW will follow monitoring protocol terms
imposed by the Board. '

The DBW has implemented pre-treatment and post-treatment monitoring for biological,
chemical, and physical indicators associated with each Egeria control. The objectives of
monitoring are: (1) determine if environmental conditions are conducive to chermnical or
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mechanical treatment; (2) collect data for environmental baseline conditions, for assessment of
environmental impacts and treatment efficacy, and (3) determine if treatment protocols need to
be modified to reduce environmental impacts.

Pre-treatment monitoring involves taking measurements of physical and chemical parameters,
including water temperature, water flow rate, turbidity, DO, pH, and concentrations of aquatic
herbicides prior to treatment. Post-treatment monitoring consists of taking measurements of
DO, pH, and aquatic herbicides concentrations. FEgeria biomass and fragments are quantified
before and after treatment to determination overall efficacy of the EDCP and possible
modifications to the treatment protocol. Specific mitigation measures for the Egeria control
program are proposed by the DBW to avoid or minimize potential impacts where available.
Consultation with various state and federal agencies regarding impacts and mitigation measures
for future revisions or additions to the mitigation measures will be on-going.

Komeen® Monitoring Program

The proposed monitoring program for Komeen® Trials is similar to that of the EDCP, with the
addition of sampling for total and dissolved copper concentration prior to and following all
Komeen® applications. Six water samples will be collected at 0, 3, 6, 12, 24, and 48 hours
following treatment, and analyzed for herbicide dissipation. Prior to Komeen® treatment, several
traps containing native fishes will be placed at varying depths throughout the treatment areas to
determine the effects of short-term exposure to Komeen®. The fish will be held in the traps for
96 hours after treatment to deter any mortality due to short-term exposure. Sediment will be
sampled from the area before and after Komeen? treatment to track the fate of the elemental

copper in Komeen® .

Adjuvants

In addition to the chemical controls above, adjuvants would be used in conjunction with
chemical treatments, Adjuvants reduce chemical drift and spray of non-target areas and increase
adhesion of the herbicide to treated vegetation. They are: (1} Placement®, a deposition and
retention agent that reduces evaporation and drift of chemicals while increasing coverage and
adherence in the target area; (2) R-1 1% Spreader-Activator, a combined spreading-activating
compound for increasing the efficiency of action for agricultural chemicals where quick wetting
and uniform coverage is required; and (3) Agri-Dex® Nonionic, used to improve pesticide
application by modifying the wetting and deposition characteristics of the application solution.
Carcinogenic or aquatic environmental risks are minimal, if label recommendations are followed.

Placement® is composed of amine salts of organic acids, aromatic acids, and aromatic and
aliphatic petroleum distillates. Placement® is used as a surfactant with all three herbicides at a
rate of one part surfactant to four parts herbicide mixed into the total aqueous volume. The
manufacturer’s Material Safety Data Sheet (MSDS) for Placement® (Wilber-Ellis) recommends
that no more than one quart of the surfactant be applied per surface acre of water.
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R-11% Spreader-Activator (Wilbur-Ellis) is composed of alkyl aryl polyethoxylates, compounded
silicone and linear alcohol. It is used with all three herbicides at the rate of two quarts per 100

gallons of spray solution.

Agri-Dex® is a non-ionic blend of surfactants and spray oil (Helena). It is composed of a paraffin
based petroleum oil and polyoxyethylate polyol fatty acid esters. Agri-Dex® will be used with all
three berbicides at a rate of one to four pints per 100 gallons of spray solution, not to exceed 2.5
percent v/v concentration. -

Environmental Monitoring

The monitoring program includes a daily log with site specifics (e.g. location, wind, chemicals
used, rate of chemical application, and current wind speed), DO levels, pH, and pre-treatment
and post-treatment levels of chemical residues. DBW will consult the Interagency Ecological
Program (IEP) Real-Time Monitoring website for reported incidence of salmonids within the
intended treatment area-on a weekly basis, and prior to chemical application, to minimize
possible chemical impacts on salmon and steethead. Three times each year, monitoring will be
initiated at two sites in each of the four water categories (tidal, slow-moving, fast-flowing, dead-
end slough) for the chemicals applied, DO and toxicity. Each chemical used in the EDCP will be
subject to water quality and toxicity monitoring at least once each year. S

Pre-Treatment

One hour prior to treatment, a reading of the ambient DO, temperature and turbidity will be taken
in the treatment area at the midpoint of the water column or at a depth of 5 feet, whichever is
closer to the surface. An ambient chemical residue sample will also be taken in the treatment
area at the midpoint of the water column or at a depth of 5 feet, whichever is closer to the -

surface, at the same location.

Post-Treatrment

Upon completion of the chemical application, DBW will take ambient DO, temperature and
turbidity readings at mid-point in the water column or at-a depth of 5 feet; whichever is closer to
the surface. Temperature, DO and turbidity readings will continue until dead plants are no longer
observable and the readings within and 100 yards downflow of the treatment area are within 0.5
mg/L of the readings 100 yards upflow of the treatment area. Actual distances downflow and
“upflow will vary based on site characteristics and will be established using best professional

judgment.
Cherical residue and toxicity samples:

. diquat - within two hours pést—treatment, the DBW will take one water sample for-
chemical residue and one water sample for toxicity. These samples will be taken within
the application site at the mid-point in the water column or st a depth of 5 feet, whichever
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is closer to the surface.

. fluridone - within one week after the final application, the DBW will take a chemical
residue sample within the apphcahon site at the mid-point in the water column or at a
depth of 5 feet; whichever is closer to the surface. The DBW will continue weekly taking
residue samples at this same location until fluridone concentrations are no longer

_ detcctable

The time, latitude and longitude of the samplmg location for each set of samples will be recorded
for later 1ncorporat10n into a GIS database.

The DBW has Memorandum of Understandings (MOU) with water agencies outlmmg
application restrictions. Prior to any future work within one mile of drinking water intakes, the
DBW will develop a protocol for sampling post-treatment chemical residue around the intakes.

Other monitoring protocols being carried out by DBW and relevant to listed salmonid species
includes observation of dead fish and pative vegetation; visual assessment of water quality and
photo documentation of fish and native vegetation pre- and post- chemical control apphcanons
and tracking of plankionic, microbial and macro-invertebrates. -

The EDCP technical crew is trained in fish species identification, and recognition of fish habltat
in the Delta and associated waterways, by the DBW environmental scientist.

Waste Discharge Requirements

A tentative NPDES Permit No, CA0084735, dated March 12, 2001, provides the waste discharge
requirements for the EDCP, as mandated by the California Regional Water Quality Control
Board (Board), Central Valley Region. The NPDES permit lists a number of procedures that the
EDCP is required to follow in order to maximize efficacy of control efforts and minimize
adverse impacts to the environment. The NPDES permit does not address the copper- -based
herbicide, Komeen®. Among the conditions required by the Board’s Order are the following
requirements havmg specific relevance to Federally-listed salmonid species and their deagnated

critical habitat:

. The periodic use of rhodamine dye will help judge the rate of water movement and
chemical dispersion. ' :

. Discharges must be consistent with both State and Federal anti-degradation policies.

. Compliance is required with procedures designed to minimize the area impacted by the
project and monitoring to evaluate the extent of the impacts on the narrative and numeric
objectives addressed within waste discharge requirement #31 of the NMDES permit
(bacteria, biostimulatory substances, chemical constituents, color, dissolved oxygen,
floating material, oil and grease, pH, pesticides, radioactivity, salinity, sediment,
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seltleable material, suspended material, tastes and orders, temperature, toxicity and
turbidity).

« ° The concentration of constituents in the discharge cannot exceed the water quality
objectives for the receiving water, except where a Total Maximum Daily Load (TMDL)

has been established.

. Protocols are to be developed to ensure that EDCP operations do not inhibit passage of
fish.
. Sediments are to be sampled for the chemicals used by the program to determine whether

they build up to harmful levels in sediments under the conditions found at treatment sites.

II1. STATUS OF THE SPECIES AND CRITICAL HABITAT

The Delta includes designated critical habitat for endangered Sacramento River winter-run
Chinook salmon (Oncorhynchus tshawytscha), threatened Central Valley spring-run Chinook
salmon (0. tshawytscha) and threatened Central Valley steelhead (O. mykiss). It is a major adult
and juvenile migration corridor for all runs of Central Valley Chinook salmon and steethead
utilizing the Delta. Juvenile salmon often enter the Delta before they are physiologically able to
enter salt water, and rear there several months before migrating to the ocean. The proposed
March through November implementation of Egeria control measures would occur during the
upstream migration of adult winter-run and spring-run Chinook, and steelhead; and during the
emigration of juvenile winter-run and spring-run juvenile Chinook, and juvenile steelhead.
Virtually all runs of Chinook salmon and steelhead utilizing the Delta could be directly or
indirectly impacted by the EDCP.

Sacramento River Winter-run Chinook Salmon ESU and Critical Habitat
Listing history Overview

The Sacramento River winter-ran Chinook salmon were determined by NMFS to be a unique
evolutionarily significant unit (ESU), endemic to the Central Valley of California. The State of
California listed winter-run Chinook salmon as endangered in 1989 under the California State
Endangered Species Act (CESA). NMFS listed winter-run Chinook salmon as threatened (54 FR
10260) under emergency provisions of the ESA in August 1989 and the species was formally
listed as threatened in November 1990 (55 FR 46515). On June 19, 1992, NMFS proposed that
the winter-run Chinook salmon be reclassified as an endangered species pursuant to the ESA (57
FR 27416). NMFS finalized its proposed rule and re-classified the winter-run as an endangered
species under the ESA on Januvary 4, 1994 (59 FR 440}. A proposed recovery plan was published

in Aungust 1997 (NMFS 1997).

On June 16, 1993 (58 FR 33212), NMFES designated critical habitat for the winter-ran Chinook
salmon as the Sacramento River from Keswick Dam (RM 302) to Chipps Island (RM 0) at the
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westward margin of the Sacramento-San Joaquin Delta; all waters from Chipps Island westward
to Carquinez Bridge, including Honker Bay, Grizzly Bay, Suisun Bay, and Carquinez Strait; all
waters of San Pablo Bay westward of the Carquinez Bridge; and all waters of San Francisco Bay
to the Golden Gate Bridge north of the San Francisco/Oakland Bay Bridge. In the areas
westward from Chipps Island, including San Francisco Bay to the Golden Gate Bridge north of
the San Francisco/Oakland Bay Bridge, this designation includes the estuarine water column and
essential foraging habitat and food resources utilized by Sacramento River winter-run Chinook
salmon as part of their juvenile emigration or adult spawning migration.

Delta Critical Habitat

Numerous factors have effects on the condition and function of critical habitat necessary for the
conservation of listed salmonids, including the Sacramento River winter-run Chinook.
CALFED, through its Comprehensive Monitoring, Assessment, and Research Program
(CMARP) (CALFED 2000c) has described numerous areas of concern for the restoration of
habitat for Chinook salmon and steclhead trout. Within the Delta, alterations in the hydrology of
the river systems feeding into the estuary have led to reductions in the volume of water flowing
through the system and the timing of peak flows that stimulate migratory behavior in both
juvenile and adult fish. The water storage and conveyance systems that have been constructed on
the major rivers and tributaries of the Central Valley have permanently altered the natural flow -
.patterns that native fishes have evolved to cope with. The reduction in the peak flow leads to
alterations in the cycling of nutrients and changes in the transport of sediment and organic matter
within the estuary. Likewise, estuarine circulation patterns have been disrupted, leading to
changes in the physio-chemical profiles of the estuary, such as those for temperature and
dissolved oxygen. Changes in the physio-chemical parameters of the Delta’s waters can lead to
distinct alterations in the historical distribution of animal and plant communities, upon which the
juvenile salmon depend on for their forage base and for protective cover. Alterations in the flow
patterns have led to reductions in the amount of out flowing water at the western margins of the
Delta. This situation has led to increasing salinity levels within the western margin of the Delta
and has changed the position and extent of the productive mixing zone upon which numerous
species depend during their critical larval stages. Water flow patterns have been greatly affected
by the operations of the south Delta pumping facilities. The normal pattern of water circulation
within the Delta has been altered from its historical pattern, to a modified regime, which now '
includes a strong cross delta flow to the south, where the pumps are located as well as the
creation of “null zones”; areas where flows are negligible to nonexistent and the water becomes
stagnant (DWR 2001). This alteration disrupts normal environmental cues caused by tides and
river out flows. Changes in the flushing rate and increased residence times of Delta waters has
enhanced the degradative effects of increased input of contaminants and pollutants to the water
system. This contamination has strong correlations (o the increase in human activity in the
terrestrial regions of the Delta. Agricultural and industrial activities have been the predominant
sources of these contaminants, but the increase in the region’s human population has resulted in a
substantial increase in the number of new housing developments and a spreading urbanization of
the Delta’s terrestrial component. This urbanization has the potential to change the character of
the contaminant profile, making it more complex and dispersed in its sources.
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The construction of levees and the resulting channelization of the intricate web of Delta .
waterways have degraded the complexity of the historical habitats found in the Delta. The
conversion of shallow water habitats that were found along the margins of the Delta waterways
into that of a riprap lined levee has radically altered the habitat that juvenile salmonids in the
Delta are exposed to. Shallow water habitats are considered essential foraging habitats for
juvenile salmonids, often supporting complex and productive invertebrate assemblages. The
substrate that is provided by the stone riprap is unsuitable for the colonization of native estuarine
invertebrate species. Likewise, the construction of levees for flood control has disconnected the
rivers and Delta from their historical floodplains. Juvenile salmonids utilize flood plains for
foraging and as a refuge from high flow velocities during flooding events. Dredging of the
channels for navigation or irrigation diversion purposes can result in the formation of anoxic
boltom waters, and increased saltwater intrusion into upstream areas. '

Introductions of invasive species, both intentionally and unintentionally, have significantly
impacted the survival potential of juvenile salmonids. Non-native predators such as striped bass,
large mouth bass and other sunfish species, present an additional risk to the of survival of
juvenile salmonids migrating through the Delta that was not historically present prior to their
introduction. These introduced species are often better suited to the changes that have occurred
in the Delta habitat than are the native salmonids. The presence of the Asian Clam '

(Potamocorbula amurensis) has led to alterations in the levels of phyto- and zooplankton found
in water column samples taken in the Delta. This species of clam is able to efficiently filter out
and feed upon significant numbers of these planktonic organisms, thus reducing the population of
the potential forage base for juvenile salmonids. Likewise, introductions of invasive plant
species such as the water hyacinth (Eichhornia crassipes) and Egeria densa, has diminished
access of juvenile salmonids to critical habitat (P. Moyle, personal communication). Egeria
densa forms thick “walls” along the margins of channels in the Delta. This growth prevents the
juvenile salmonids from accessing their preferred shallow water habitat along the channel’s edge.
In addition, the thick cover of Egeria provides excellent habitat for ambush predators, such as
sunfish and bass, which can then prey on juvenile salmonids swimming along their margins.
Water hyacinth creates dense floating mats that can impede river flows and alter the aquatic
environment beneath the mats. The DO beneath the mats often drop below sustainable levels for
fish due to the increased amount of decaying vegetative matter produced from the overlying mat.
Like Eygeria, water hyacinth is often associated with the margins of the Delta waterways in its
initial colonization, but can eventually cover the entire channel if conditions permit it. This level
of infestation can produce barriers to salmonid migrations within the Delta.

Historic Habirar Alterationy

There is only one unique population of winter-run Chinook salmon, the Sacramento River
winter-run, within California. Prior to construction of Shasta and Keswick dams in 1945 and
1950, respectively, winter-run Chinook salmon were reported to spawn in the headwater reaches
of the little Sacramento, McCloud and Lower Pit River systems. Flows of water from constant
temperature springs emanating from the lava fields around Mount Shasta and Mount Lassen fed
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them, and provided cool, stable temperatures for successful egg incubation over the summer.
Populations of winter-ran Chinock may have numbered over 200,000 fish (Moyle et al 1989;
Rectenwald 1989; Yoshivama et al 1998). Construction of Shasta Dam blocked access to all of
the winter-ran Chinook salmon’s historical spawning grounds by 1942. Preservation of a
remnant winter-ran population was achieved through manipulation of the dam’s releases to
maintain a cold water habitat below the dam as far as Tehama. :

One other potential population of winter-run Chinook satmon occurred in the Calaveras River
(NMFS 1997). Several dozen to several hundred adults spawned in reaches of the Calaveras
River below New Hogan Dam from the early 1970s through the mid 1980s, but were extirpated
by 1985, partially due to low flows in the Calaveras River, drought and agricultural diversions.

Prior to the construction of Shasta Dam, numerous smaller dams and agricultural diversions
entrained juvenile winter-run Chinook and blocked passage of adults migrating upstream.
Among the earliest were the agricultural diversions of the Central Canal and Irrigation Company
{CCIC) which began diverting unscreened water in 1906. This irrigation system was
subsequently purchased by the Glenn-Colusa Irrigation District in 1920 and enlarged. The -
diversion was finally screened in 1935, but was damaged in 1938 and left unrepaired until the -
1970s (NMFS 1997). In 1917 the Anderson Cottonwood irrigation diversion (ACID) dam was
constructed on the Sacramento River in Redding, California and operated as a seasonal diversion
dam (April-August). The dam was constructed without fish ladders and thercby effectively
prevented any upstream migration of adult salmon above the dam when it was in operation. In
1927 a rudimentary fish ladder was constructed that permitted a limited number of fish to ascend
into the upper watershed, but still impeded the majority of adult spawners from migrating
upstream. Consequently, this barrier substantially reduced population numbers. The Pit River -
watershed was also dammed during the 1920s with permanent structures, blocking at least 21
miles of spawning habitat, and perhaps as much as 71 miles depending on the upstream extent of
"adult migration. Shasta Dam construction was injtiated in 1938 following the authorization of
the Central Valley Project by Congress in 1937. In May of 1942, access to the upper Sacramento
watershed was blocked to all salmonids, eliminating over 50 miles of spawning habitat that still-
remained above the dam. The operation of Shasta Dam significantly altered the functioning of
the Sacramento River. Summer flows were higher and colder than historical flows while winter
flows were warmer and lower than original flows. Reservoir levels significantly effected the:
temperature profile of releases from the dam. Low reservoir levels in dry years often resulted in
increased river temperatures in the late summer as the reservoir was drawn down. This resulted
.in the losses of winter-run Chinook eggs incubating in the gravel downstream of the dam when
water temperatures exceeded 56°F. Keswick Dam operations often resulted in ramping rates that
were incompatible to the requirements for winter-run Chinook survival below the dam. Flow
fluctuations in the spring disrupted spawning activities, or dewatered redds. In the fall, rapid
ramping rates ofien stranded winter-run fry in side channels or broad gravel flats. The Red Bluff
Diversion dam (RBDD), built in 1967, created another significant barrier to upstream passage for
salmonids. Although equipped with fish ladders and bypass pipes, passage was still significantly
impeded. This forced numerous salmon to either delay their upstream migration, or spawn
downstream of the dam where water temperature was often too high to have successful '
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incubation of the eggs. Fish that were delayed and made repeated attempts to pass the dam often
had impaired spawning success due to the expenditure of energy reserves that could have been
used for the production of viable eggs and upstream migration, RBDD also impinged on the
success of juveniles emigrating downstream through entrainment into irrigation canals and the
increased exposure to predation as they negotiated the dam (NMES 1997).

Chemical contamination of the Sacramento River degraded water quality as early as the 1900s
through agricultural discharges, mining pit effluents (acidic water, heavy metals), pesticide
runoff, and fertilizer enrichment. In the delta, increased industrialization, urban development,
and oil refining operations contributed pollutants to the ecosystem as early as 1890.
Contamination of the ecosystem increased in proportion to the human population through the
1950s when water quality controls where first initiated. Thereafter, water quality began to
improve as the contrbls took effect (NMFS 1997). -

Environmental conditions have played a significant role in the decline of the winter-run Chinook

- salmon population. During the severe droughts of the late 1920s and early 1930s, the population

of winter-run Chinock salmon on the Sacramento River declined precipitously. The effects of
severe drought and the increased impairment of fish migration due to dam construction in the
upper watershed combined to produce several years of reduced spawning success and adult
escapement. This drought period was followed in the late 1930s by a cooler, wetter climatic
period that was in part enhanced by the cold tailwater outflow from the recently completed
Shasta Dam. Winter-run Chinook salmon populations rebounded and continued increasing until
the early 1970s, when a pattern of decline was again the dominant trend. Increased upstream
water temperatures, agricultural diversions, and the initiation of operations of the RBDD all acted
to reduce the success of salmon spawning and recruitment in the inland waters. Ocean |
conditions began to decline in the mid 1970s, and subsequently a strong El Nifio condition
developed in 1982-1983. Persistent dry weather conditions coupled with poor ocean conditions
through most of the 1980s and early 1990s decreased the winter-run populations to their current
depressed levels (NMFS 1997)(see Figure 1). '
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Figure 1: = Sources: NMFS 1997; PFMC, Review of 2000 Ocean Fisheries

Life History Considerations

The first winter-run Chinook salmon migrants appear in the Sacramento-San Joaquin Delta
during the early winter months (Skinner 1972); On the upper Sacramento River, the first
upstream migrants appear during December (Vogel and Marine 1991). Due to the lack of fish
passage facilities at Keswick Dam, adults tend to migraie to and hold in deep pools between Red
Bluff Diversion Dam (RBDD) and Keswick before initiating spawning activities. The upstream
migration of winter-run Chinook salmon typically peaks during the month of March, but may
vary with river flow, water-year type, and operation of RBDD.

Winter-run Chinook salmon spawning primarily occurs between RBDD and Keswick Dam from
mid-April to mid-August with peak activity occurring in May and June (Vogel and Marine '
1991).

Most winter-run Chinook salmon spawners are three years old. They spawn in gravel between
1.9 cm to 10.2 cm in diaineter with no more than 5 percent fine sediment composition.
Winter-run Chinook salmon die after spawning. The eggs hatch after an incubation period of
about 40-60 days depending on ambient water temperatures. Maximum survival of incubating
eggs and pre-emergent fry occurs at water temperatures between 40°F and 56°F. Mortality of
eggs and pre-emergent fry commences at 57.5°F and reaches 100 percent at 62°F (Boles et al.
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1988). Other potential sources of mortality during the incubation period include redd
dewatering, insufficient oxygenation, physical disturbance, and water-borne contaminants.
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Pre-emergent fry remain in the redd and absorb the yolk stored in their yolk-sac as they grow into
fry. This period of larval incubation lasts approximately 2 to 4 weeks depending on water -
temperatures. Emergence of the fry from the gravel begins during late June and continues
through September. The fry seek out shallow nearshore areas with slow current and good cover,
and begin feeding on small terrestrial and aquatic insects and aquatic crustaceans. As they grow
from 50 to 75 mm in length, the juvenile salmon move out into deeper, swifter water, but
continue to use available cover to minimize risk of predation and reduce energy expenditure.

The emigration of juvenile winter-run Chinook salmon from the upper Sacramento River is
dependent on streamflow conditions and water-year type. Once fry have emerged, storm events
may cause en masse emigration pulses. This emigration past Red Bluff may occur as early as
late July or August, generally peaks in September, and can continue until mid-March or April in
drier years (Vogel and Marine 1991), Data combined from trawling, seining and State and
Federal water project fish salvage records in the Deita show that winter-run Chinook salmon
outmigrants occur from October to early May in the Sacramento-San Joaquin Delta (DFG 1993),
Emigration from the Delta might begin to occur as early as late-December and continue through
June. Smolts enter the ocean at an average fork length of approximately 118 mm. The period of
residency in the Sacramento River and Delta for Sacramento River winter-run Chinook salmon is

between five and nine months.

Winter-run Chinook salmon are vulnerable to extinction because the species is limited to a
single, isolated population without a source of immigration from subpopulations (NMFES 1997).
The winter-run Chinook have a lower fecundity than most other Chinook populations and
therefore have a lower reproductive potential average of 3,353 eggs per female, vs. Central
Valley fall-run Chinook at 5,498 eggs per female, Columbia River Chinook salmon at 5,032-

- 5,453 eggs per female, and Alaskan Chinook populations averagmg 3,000 eggs per female

(Fisher 1994; Healey and Heard 1984).
Central Valley Steelhead ESU and Central Valley Steelhead Critical Habitat

- The Central Valley steelhead were determined by NMEFS to be an ESU, endemic to the Central
Valley of California. On August 9, 1996, NMFS issued a proposed rule to list this ESU as
endangered under the federal Endangered Species Act (61 FR 155). On March 19, 1998, the
Central Valley steelhead ESU was listed as threatened (50 CFR Part 227), and critical habitat
was subsequentily designated on February 16, 2000 (50 CFR Part 226).

Critical habitat is designated to include all river reaches accessible to listed steelhead in the
Sacramento and San Joaquin Rivers and their tributaries in California. Also included are river
reaches and estuarine areas of the Sacramento-San Joaquin Delta, all waters from Chipps Island -
westward to Carquinez Bridge, including Honker Bay, Grizzly Bay, Suisun Bay, and Carquinez
Strait, all waters of San Pablo Bay westward of the Carquinez Bridge, and all waters of San
Francisco Bay (north of the San Francisco/Oakland Bay Bridge) from San Pablo Bay to the
Golden Gate Bridge. Excluded are arcas of the San Joaquin River upstream of the Merced
River confluence and areas above specific dams or longstanding, naturally impassable barriers.
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The same factors that have negative effects on the winter-run Chinook salmon also impinge
upon the Central Valley steelhead population. Anthropogenic alterations to the ecosystem have
had the most impact to steclhead stacks.

Historically, steelhead spawned and reared in most of the accessible upstream reaches of Central
Valley rivers, and their perennial tributaries. It is likely that steelhead were also present in the
upper San Joaquin River drainage. Compared to fall-run Chinook salmon, steelhead generally
migrated farther up into tributaries and headwater streams, where cool, well-oxygenated water
was available year round. Tn the Central Valley, steelhead are now restricted to the upper
.Sacramento River downstream of Keswick Reservoir, the lower reaches of large tributaries -
downstream of impassable dams, small perennial tributaries of the Sacramento River mainstem
and large tributaries, and the Sacramento-San Joaquin Delta and San Francisco Bay system.
Few records are available regarding the occurrence of steelhead in the San Joaquin River |
system. Steelhead are currently found in the Mokelumne River, below Camanche Dam and in
the Stanislaus River, below Goodwin dam. Steelhead have been reported in the Tuolumne

River, below La Grange Dam,

Steelhead are generally classified into two races, or runs, depending on whether they begin their
upstream migration in winter or summer. Winter steelhead typically begin their spawning
migration in fall and winter and spawn within a few weeks to a few months from the time they
enter fresh water. Sumumer steelhead typically enter fresh water in spring and early summer,
hold over in deep pools until they are mature, and spawn in late fall and winter. Central Valley

steelhead are winter steelhead.

Historical records indicate that adult steelhead enter the mainstem Sacramento River in J uly,
peak in abundance in the fall, and continue migrating through February or March (McEwan and
Jackson 1996). Migration in the lower Mokelumne River occurs from August to March,
peaking in December; spawning occurs from January through April. Unlike Pacific salmon, |
most steelhead do not die after spawning and a small portion survive to become repeat
spawners. During spawning, the female steelhead digs aredd (i.e., gravel nest) in which she
deposits her eggs, which are then fertilized by the male steelhead. Egg incubation time in the
gravel is determined by water temperature and varies from approximately 19 days at an average
water temperature of 60°F to approximately 80 days at an average temperature of 40°F. - ‘

Steelhead fry usually emerge from the gravel 2-8 weeks after hatching (Barnhart 1986; Reynolds
et al. 1993); emergence usually takes place between February and May, but sometimes extends
into June. Newly emerged steelhead fry move to shallow, protected areas along streambanks
and move to faster, deeper areas of the river as they grow into the juvenile life stage. Juvenile.
steelhead feed on a variety of aquatic and terrestrial insects and other small invertebrates.

Under optimal conditions, juvenile steethead may rear in the lower Mokelumne River
throughout the year (California Department of Fish and Game 1991). Small numbers of
yearling and older juvenile steelhead and/or rainbow trout have been identified at Woodbridge
Dam in recent years during annual monitoring of out migrating Chinook salmon (January-July).
Young-of-the-year have also been observed from April through July (Natural Resource
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Scientists 1998b). Similar data has been collected from the Stamslaus RIVBI during salmon
monitoring etforts.

Steelhead will typically spend one to three years in freshwater before migrating downstream to
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the ocean. Most Central Valley steelhead will migrate to the ocean after spending two years in
freshwater, with the bulk of migrations occurring from November to May, but some low levels
may occur during all months of the year. The out-migration peaks from April to May on the
Stanislaus River whereas the American River has larger smolt-sized fish emigrating from
December to February and smaller sized steclhead fry coming through later in the spring (March
and April). Feather River steelhead smolts are observed in the river until September, which is
believed to be the end of the outmigration period (CMARP 2000). In preparation for their entry
into saline waters, juvenile steelhead, like winter and spring-run Chinook juveniles, also
undergo a process called smoltification. During this process, fish undergo physiological and
morphological changes, which allow the fish to adapt to the hypertonic environment found in
the ocean. These changes involve alterations in enzyme levels, increasing activity of special salt
excretion cells in the fish’s gill epithelium and changes in renal activity to handle the
concentrated urine production necessary to cope with the stress of osmoregulation in the ocean
environment (Moyle and Cech 1982). The smolts can range in size from 14 to 21 centimeters in
length (Barnhart 1986). -Steelhead can spend variable amounts of time in the ocean prior to
returning on their spawning migrations, ranging from one year to as many as four. Central
Valley steelhead typically spend only one to two years in the ocean prior to returning to spawn
1in the rivers of the Central Valley. Over the past 30 years, steelhead populations have declined
substantially as illustrated in Figure 2 for the upper Sacramento River natural run size.

Figure 2:
Source: McEwan and T ackson 1996
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Central Valley Spring-run Chinook Salmon ESU and Crifical Habitat

The Central Valley spring-run Chinook salmon were determined by NMFS to be a unique ESU,
endemic to the Central Valley of California. The State of California listed the spring-run
Chinook salmon as threatened species under the California State Endangered Species Act
February 1999, followed by federal listing as a threatened species under the ESA (September
1999). In February 2000, NMFS designated critical habitat for the spring-run Chinook salmon
as all river reaches accessible to listed Chinook salmon in the Sacramento River and its
tributaries in California. Also included are river reaches and estuarine areas of the Sacramento-
San Joaquin Delta, all waters from Chipps Island westward to Carquinez Bridge, including
Honker Bay, Grizzly Bay, Suisun Bay, and Carquinez Strait, all waters of San Pablo Bay
westward of the Carquinez Bridge, and all waters of San Francisco Bay (north of the San
Francisco/Oakland Bay Bridge) from San Pablo Bay to the Golden Gate Bridge (50 CFR Part
226). Many of the same factors described above that have led to the decline in the winter-run
ESU are also applicable to the spring-run ESU, particularly the exclusion from historical
spawning grounds found at higher elevations in the watersheds. :

Chinook salmon range along the North Coast from Kotzebue Sound, Alaska to Central
California (Healey 1991). Within California there are two distinct spring-run populations; the
North Coast Klamath-Trinity and the Central Valley populations. Chinook salmen runs can be
differentiated by timing of spawning migration, degree of maturity of fish when entering ‘
freshwater, spawning areas, and the emigrating time of the Juveniles (DFG 1998).

Adult Central Valley spring-run Chinook salmon migrate between March and September,
peaking in May through June, and spawn from late August through early October, peaking in
September (Yoshiyama et al. 1998). Between 56 to 87 percent of adult spring-run Chinook
salmon enter freshwater to spawn are three years of age (Calkins ef al. 1940; Fisher 1994).
Spring-run Chinook salmon in the Sacramento River exhibit an ocean-type life history,
emnigrating to the ocean as fry, subyearlings, and yearlings. Juvenile spring-run Chinook salmon
may spend several months resting and feeding in the Delta and estuary for several months prior
to entering the ocean (Kjelson et al. 1981).

Central Valley spring-run Chinook salmon differ from Central Valley fall-run Chinook salmon
in timing of migration, adult size, fecundity, and smolt size. The spring Chinook salmon run
timing enables fish to gain access to the upper reaches of river systems prior to the onset of
prohibitively high water temperatures and low flows that inhibit access to these areas during the
fall. Fish hold over throughout the summer in these cool upper reaches until reaching sexual
maturity and subsequently spawn between August and October (Yoshiyama ef al. 1998).

Historically, spring-run Chinook salmon were abundant in the Sacramento River system and
constituted the dominant run in the San Joaquin River Basin (Reynolds ef al. 1993), oceupying
the upper and middle reaches (450-1,600 meters in elevation) of the San Joaquin, American,
Yuba, Feather, Sacramento, McCloud and Pit Rivers. Smaller sustaining populations were
found throughout most other tributaries with sufficient cold-water flow to maintain spring-run
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adults through the summer prior to spawning (Stone 1874; Rutter 1904; Clark 1929; Meyers
1998). ‘

Clark (1929) estimated that there were historically 6,000 stream miles of salmonid habitat in the
Sacramento-San Joaquin River Basin, but by 1928 only 510 miles remained. The elimination of
access to spawning and rearing habitat resulting from the construction of impassable dams has
extirpated spring-run Chinook salmon from the San Joaguin River Basin, historically supported
the greatest numbers of spring-run Chinook salmon. Construction of impassible dams has also
curtailed access to suitable spawning habitat in the upper Sacramento and Feather Rivers.

The remaining streams believed to sustain populations of wild spring-run Chinook salmon are
Mill and Deer creeks, and possibly Butte Creek (tributaries of the Sacramento River). These
remaining populations are relatively small and exhibit a sharply declining trend. Demographic
and genetic risks of extirpation due to small population size are thus considered to be high.
Spring-run Chinook salmon are unable to access historical spawning and rearing habitats in the
Sacramento and San Joaquin River Basins are restricted to spawning in the mainstem tributaries
of the Sacramento River. This limited spawning habitat, as well as corridors used for migration,
are substantially marred by elevated water temperatures, agricultural and municipal diversions

- and returns, restricted and regulated flows, entrainment of migrating fish into unscreened or
poorly screened diversions, and the poor quality and quantity of remaining habitat. Adult
escapement/spawning stock estimates for the past thirty years have shown a highly variable
population for the spring-run Chinook ESU. Even though the abundance of fish may increase -
from one year to the next, the overall average population is generally declining during this time

period (see Figure 3).

Figure 3: S _,
Source: PFMC 2000 Ocean Fisheries, Yoshiyama 1998

IV. ENVIRONMENTAL BASELINE
Sacramento-San Joaquin Delta

The Sacramento- San Joaquin River drainage system comprises streams and rivers draining
primarily from the Sierra Nevada Range into the two major rivers of the Central Valley, the
Sacramento River (fed by its major tributaries, the American, Yuba, and Feather Rivers) flowing
southward and the San Joaquin River (fed by the Merced, Tuolumne, and Stanislaus Rivers)
flowing northward. The Sacramento-San Joaquin drainage basins encompass about 40 percent
of the state of California (approximately 153,000 square kilometers (km?)) and carry about 600
cubic meters per second of water (mean annual flow). The two rivers join in a complex series of
channels and islands called the Sacramento-San Joaquin Delta (Delta). Two main east-side
tributartes flow into the Deita, the Calaveras and the Mokelumne/Cosumnes River groups. The
Delta tlows westward into Snisun Bay and eventually into the northern reaches of San Pablo
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Bay through the Cafquinez Straits (Conomos et al. 1985; Nichols er al. 1986; and Wright and
Philips 1988).

The San Francisco Bay estuary, with a surface area of 1,240 km?, is the largest coastal
embayment on the west coast of the United States. Salt water tidal influence extends over 100
km landward from the bay’s entrance at the Golden Gate, influencing river height as far inland
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as Sacramento and Tracy in the Central Valley. The extent of salt water intrusion into the Delta
(2x zone- 2 %/, practical salinity units) extends into the eastern regions of San Pablo Bay and the -
Carquinez Straits diring a normal winter, but extends to the eastern reaches of Suisun Bay
during summer. Currently the Bay’s tidal prism is approximately 24 percent of its total volume
(Conomos et al., 1985) and is of a mixed semi-diumnal type, thus there are two unequal high
tides every 25 hours, which enhances the mixing and movement of water bodies in the Delta.
This relatively large tidal prism, compared to other estuaries, enables the Delta to exchange a
greater amount of water volume per tidal cycle than is commonly experienced in most estuarine

habitats.

The depth and shape of San Francisco Bay and the Delta have been radically aitered since the
mid-1800"s. Conomos ef al. (1985), Nichols ez al. (1986), and Wright and Philips (1988),
summarized these changes to the Bay-Delta system. Hydraulic mining practiced from 1854 to

- 1884 to uncover gold ore in the Sierra Nevada mobilized tens of millions of cubic meters of
rock, soil, and debris. This inflow of debris laden runoff choked rivers and tributaries,
smothering salmon spawning grounds, filling in river channels, and creating periodic extensive
tflooding. Downstream, in the Delta and Bay, 1.0, 0.75, and 0.25 meters of sediment was
deposited in Suisun, San Pablo, and San Francisco Bays respectively as a result of the hydraulic
mining era. Accelerated rates of natural sedimentation processes contributed to a permanent
reduction in the open water areas of the bay through shoaling and expansion of marshlands
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across newly formed mudflats. This alteration in the natural landscape of the Bay and Delta
altered the native biological communities, smothering benthic habitats with siltation, decreasing
deep-water habitat and increasing shallow water and marsh habitat which were colonized by
both native and invasive species. Conversely, reductions in the area of native marshlands also
occurred in both the Delta and Bay. Nearly 1,400 km® of freshwater marsh in the Delta and 800
km?® of saltwater marsh in the Bay were diked and drained to create farmland in the Delta or salt
evaporation ponds in the Bay. Later, industrialization and urbanization reclaimed even more
wetland acreage until today only 125 km?® (about 6 percent) of the original 2,200 km® area of
native wetlands remains. The original wetlands served as significant foraging areas for
numerous species, enhanced nutrient cycling and retention as well as acting as natural filters to

enhance ambient water quality.

Delta Water Quality

The water quality of the Delta has been negatively impacted over the last 150 years. Increased
water temperatures, decreased dissolved oxygen levels, and increased turbidity and contaminant
loads have degraded the quality of the aquatic habitat for the rearing and migration of
salmonids. Reservoir storage is equivalent to about 80 percent of mean annual runoff in the
Sacramento River basin, and about 135 percent in the San Joaquin (Kondolf 2000). Reduction
of winter floods has reduced sediment transport capacity and channel dynamics to 17 percent of
original transport capacity. The Central Valley Regional Water Quality Control Board in its
1998 303(d) lists the Delta as an impaired waterbody having elevated levels of chlorpyrifos,
DDT, diazinon, electrical conductivity, Group A pesticides (aldrin, dieldrin, chiordane, endrin,
heptachlor, heptachlor epoxide, hexachlorocyclohexane (including lindane), endosulfan and
toxaphene), mercury, low dissolved OXygen, organic enrichment, and unknown toxicities

(CRWQCB-CVR 1998).

Reduction in water flows, removal of riparian corridors and their shading function, and
increased levels of industrial and agricultural discharges have increased ambient water
temperatures in the Delta. Water temperatures typically exceed 60° to 66°F (15.5°C to 18.3°C)

- from April through September. Salmonids are physiologically $uited to inhabit coldwater
temperature regimes and increased water temperatures will lead to physiological stress in
exposed salmonids. An increase in water temperature causes a concurrent decrease in the
amount of oxygen that can be dissoived in the water. Reduced OXxygen content in the water will
result in the fish having to expend more energy to circulate a greater volume of water through 1ts
gills to extract the minimal amount of oxygen needed for survival. A fish will either increase its
ventilation rate, ventilation volume or both in response to hypoxic conditions. In general, as
waler temperature increases, the oxygen consumption rate of the fish will also increase,
indicating an increased metabolic load on the fish’s body. Metabolic energy that might have
been used for other physiological functions must now be used to maintain respiratory
requirements, to the detriment of those other functions (Moyle and Cech 1982). Dissolved
Oxygen concentrations are often decreased due to the discharge of municipal, industrial and
agricultural effluents that contain compounds that increase the biological oxygen demands
(BOD) of the receiving waters. Salmonid physiology requires oxygen concentrations of at least
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7.75 mg/L to function at optimum levels. Dissolved oxygen levels of 6.0 mg/L or less result in
salmonids exhibiting signs of physiological distress (Reiser and Bjornn 1979). Increased trace
metal burdens such as mercury, copper, and selenium are currently found in water quaiity
samples from the Delta, and often are above criteria levels designed to protect the beneficial
uses of water in the Delta. Increased levels of heavy metals are detrimental to the health of an
organism because they interfere with metabolic functions by inhibiting key enzyme activity in
metabolic pathways, decrease neurological function, degrade cardiovascular output, and act as
mutagens, teratogens or carcinogens in exposed organisms (Rand 1995; Klaassen 1996).
Likewise, elevated levels of pesticides and other contaminants are found in water qualit