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1 INTRODUCTION

This document transmits the concurrence determinations and biological opinions (BiOp) of the
U.S. Fish and Wildlife Service (USFWS) and the National Marine Fisheries Service (NMFS;
collectively, the “Services” or “we”), based on our review of the proposed operations of the
Klamath Project (Project) by the Bureau of Reclamation (Reclamation) in Klamath County in
Oregon and Siskiyou and Modoc Counties in California. Table 1.1 displays the Federally-listed
species (hereafter referred to as listed species) and critical habitats considered in this document.

This document was prepared in accordance with section 7 of the Endangered Species Act of

1973, as amended (ESA; 16 U.S.C. § 1531 et seq.). Reclamation’s request for formal
consultation was received by the USFWS and the NMFS on December 3, 2012.

Table 1.1. Listed species and critical habitats considered in this document.

P—r . Critical
Scientific name Common name Listing habitat
Chasmistes brevirostris shortnose sucker (SNS) Endangered Yes
Deltistes luxatus Lost River sucker (LRS) Endangered Yes
Acipenser medirostris Southern Distinct Population Segment (DPS) Threatened No
green sturgeon
Southern Oregon/Northern California Coast
Oncorhynchus kisutch (SONCC) coho salmon Evolutionarily Threatened Yes
Significant Unit (ESU)
Thaleichthys pacificus Southern DPS eulachon Threatened Yes

This BiOp and the concurrence determinations are based on information provided in
Reclamation’s Final Biological Assessment (BA; Reclamation 2012) and other sources of
information. A complete record of this consultation is on file at the NMFS Northern California
office in Arcata, California, and at the USFWS office in Klamath Falls, Oregon.

2  BACKGROUND AND CONSULTATION HISTORY
2.1 Background

The Klamath Basin’s hydrologic system currently consists of a complex of interconnected rivers,
canals, lakes, marshes, dams, diversions, wildlife refuges, and wilderness areas. Alterations to
the natural hydrologic system began in the late 1800s and expanded in the early 1900s, including
water diversions by private water users, Reclamation’s Project, and several hydroelectric dams
operated by a private company, currently known as PacifiCorp. PacifiCorp’s Klamath
Hydroelectric Project (KHP) was constructed between 1911 and 1962, and includes eight
developments: (1) East and (2) West Side power facilities at Link River Dam; (3) Keno Dam; (4)
J.C. Boyle Dam; (5) Copco 1 Dam; (6) Copco 2 Dam; (7) Fall Creek Dam; and (8) Iron Gate
Dam (IGD). The Link River Dam and Upper Klamath Lake (UKL) are not part of the KHP.
PacifiCorp operated the KHP under a 50-year license issued by the Federal Energy Regulatory
Commission (FERC) until the license expired in 2006. PacifiCorp continues to operate the KHP
under annual licenses based on the terms of the previous license.
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In 2001, the Services issued BiOps on the effects of Reclamation’s Project operations on listed
species, and concluded that the proposed Project operations would likely jeopardize the
continued existence of the Lost River sucker (LRS) and the shortnose sucker (SNS) in UKL
(USFWS 2001) and the Southern Oregon/Northern California Coast (SONCC) coho salmon
Evolutionarily Significant Unit (ESU) (NMFS 2001a). Because of a severe drought in 2001 and
the jeopardy BiOps, Reclamation limited the volume of water delivered to Project agricultural
users, and to the Lower Klamath and Tule Lake National Wildlife Refuges.

In early 2002, the National Research Council (NRC) concluded that “all components of the BiOp
issued by the USFWS on the endangered suckers have substantial scientific support except for
the recommendations concerning minimum water levels for Upper Klamath Lake.” The NRC
(2002a) “found a sound scientific basis for recommendations in the NMFS 2001 BiOp involving
coordination of operations and reduction of ramping rates for flows below the mainstem dams.”
However, the NRC found little scientific support for minimum mainstem flows to maintain and
recover coho salmon populations. Nevertheless, the NRC did not conclude that NMFS must be
wrong in its recommendations on mainstem flows that were included in the NMFS 2001 BiOp as
a reasonable and prudent alternative (RPA; NRC 2002b). The NRC (2002a, 2004) also noted
that Reclamation’s proposed lake and river flows, which would have caused lower mean lake
levels or lower minimum river flows, lacked scientific justification.

In March 2002, one month after the NRC issued its Interim Report (NRC 2002a), Reclamation
finalized a new BA that covered Project operations from May 31, 2002, to March 31, 2012, and
requested consultation with the NMFS and the USFWS. The USFWS issued a BiOp (finalized
in May 2002) that Reclamation’s implementation of this new proposal was likely to jeopardize
the continued existence of the LRS and the SNS, and provided an RPA that involved application
of an adaptive management approach that still allowed for Project water deliveries. NMFS
finalized a BiOp on May 31, 2002, and concluded that Reclamation’s proposed operations would
likely jeopardize the continued existence of the SONCC coho salmon and would likely adversely
modify critical habitat of SONCC coho salmon. In coordination with Reclamation, the NMFS’
BiOp also included a RPA that consisted of Reclamation operating the Project to ensure that IGD
minimum flows increased gradually over three phases during the 10-year period of the plan for
Project operations, among other additional requirements. Reclamation provided full water
deliveries to irrigators in 2002 despite the continued drought.

In September 2002, at least 33,000 adult salmonids died in the lowermost 40 miles of the
mainstem Klamath River (CDFG 2004a, Guillen 2003, NRC 2004, Yurok Tribal Fisheries Program
2004). The fish kill was unprecedented and affected primarily Chinook salmon, although coho
salmon (approximately 344), steelhead, and green sturgeon also died. The immediate cause of
mortality was massive infections of Ichthyopthirius multifilis (ich) and the bacterial pathogen
Flavobacter columnare (columnaris; CDFG 2003, Guillen 2004a, NRC 2004, Yurok Tribal Fisheries
Program 2004).

Several fisheries groups, environmental organizations, and tribes filed suit against Reclamation
and the NMFS in Federal district court, alleging violations of the ESA. The district court
overturned a significant aspect of the RPA, finding the requirement that Reclamation provide
only 57 percent of the long-term flows to be arbitrary and capricious. The issue on appeal was
the district court’s determination that Phases I and II of the RPA, or the short term measures,
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were not arbitrary and capricious. The Ninth Circuit Court of Appeals concluded that the RPA
was arbitrary and capricious, because NMFS did not analyze how implementation of the short —
term measures of the RPA, for 8 of 10 years of the plan for Project operations, would avoid the
likelihood of jeopardy to coho salmon. The Ninth Circuit Court of Appeals remanded the case to
the district court for appropriate injunctive relief.! On remand, the district court granted a
motion for injunctive relief and ordered: (1) NMFS and Reclamation to reinitiate consultation on
the Klamath Irrigation Project; (2) NMFS to issue a new BiOp based on the current scientific
evidence and the full risks to threatened coho salmon; and (3) Reclamation to limit Project
irrigation deliveries if they would cause flows in the Klamath River at and below IGD to fall
below 100 percent of the Phase III flow levels specifically identified by NMFS in its 2002 BiOp
as necessary to prevent jeopardy (i.e., Table 9 in the 2002 BiOp), until the new consultation for
the Klamath Irrigation Project was completed.?

In 2007, Reclamation reinitiated consultation with the NMFS and the USFWS on its ongoing
operations of the Project. Reclamation proposed to change its ongoing activities to address
concerns with monthly time-step management of downstream flows and UKL elevations.
Reclamation also sought to address the court order, which dictated that Reclamation must meet
Phase III flow levels in the RPA of the NMFS’ 2002 BiOp for Reclamation’s Project operations
until a new BiOp was developed. The USFWS completed a non-jeopardy BiOp on the Project
for the LRS and the SNS in April 2007. The NMFS issued a draft jeopardy BiOp on the Project
for the SONCC coho salmon ESU in June 2008. On October 6, 2008, Reclamation requested
that the NMFS suspend the finalization of the consultation until further notice. On March 4,
2010, Reclamation requested that the NMFS finalize its BiOp on the Project. On March 18,
2010, NMFS released its BiOp (NMFS 2010a) on Reclamation’s Project operations from 2010—
2018, and concluded that Reclamation’s proposed operations would likely jeopardize the
continued existence of SONCC coho salmon and would likely destroy or adversely modify
SONCC coho salmon designated critical habitat; the BiOp also included a RPA.

2.1.1 Oregon Water Rights Adjudication

This proposed action was developed beginning in 2011 and finalized in December 2012. On
March 7, 2013, the Oregon Water Resources Department delivered the Findings of Fact and an
Order of Determination in the Klamath River Basin Adjudication regarding water rights in the
Klamath Basin (within the state of Oregon) to the Klamath County Circuit Court. Adjudication-
related proceedings in the Oregon portion of the Klamath Basin have been conducted since 1975,
and the completion date was unknown as the proposed action was developed. Because the
Findings of Fact and Order of Determination were unknown as the proposed action was
developed, or even when the Oregon Water Resources Department might complete the Findings
of Fact and Order of Determination, the proposed action does not anticipate or account for the

U Pacific Coast Federation of Fishermen’s Associations v. U.S. Bureau of Reclamation, 426 F.3d
1082 (9" Cir. 2005).

2 Pacific Coast Federation of Fishermen’s Associations v. U.S. Bureau of Reclamation, 2006
WL 798920 (N.D. Cal. 2006), amended on reconsideration, 2006 WL 1469390 (N.D. Cal.
2006), affirmed, 226 Fed. Appx. 715, 2007 WL 901580 (9™ Cir. 2007).



Findings of Fact and Order of Determination. The potential effects of the Findings of Fact and
Order of Determination on management of water in the Klamath Basin, including the
Reclamation’s Project operations, are uncertain at present and will likely remain uncertain for
several years. Therefore, the proposed action is not modified based on the Findings of Fact and
Order of Determination. In the future, when the consequences of the adjudication are understood,
the proposed action will be modified if necessary in accordance with parties’ legal rights to
beneficial use of water.

2.2 History of Consultation

This joint BiOp is the culmination of a multi-year collaborative effort among Reclamation, the
USFWS, and the NMFS to develop a new proposed action for ongoing operations of the Project.
The need to reconsult was identified in 2010 when the issuance of the NMFS’s 2010 jeopardy
BiOp with a RPA combined with Project water use resulted in UKL levels that were lower than
analyzed by the USFWS in its 2008 BiOp on the Project. Reclamation and the Services agreed
that under certain hydrologic conditions, Reclamation was unable to meet the water needs of the
Project and the Services’ BiOps, resulting in conflicting requirements that were difficult for
Reclamation to meet with actions under its discretion. Because there was a need to have
coordinated BiOps for the Project, the USFWS Pacific Southwest Regional Director, the NMFS
Southwest Regional Administrator and Reclamation’s Mid Pacific Regional Director met in
November 2010 with their respective field office managers and directed them to develop a new
proposed action and joint BiOp. The goal of this directive was to ensure the development of a
workable proposed action and a joint BiOp that would allow Reclamation to continue to operate
the Project to store, divert, and convey water to meet authorized Project purposes and contractual
obligations in compliance with applicable State and Federal law while meeting the conservation
needs of affected listed species in a coordinated manner.

A team of Federal resource managers was convened in early 2011 to establish an Agency
Coordination Team. The Agency Coordination Team consists of hydrologists, biologists,
managers from each agency, and support staff. The team met on over 25 occasions (see Table
2.1) and created a new paradigm and decision-making process for managing Reclamation’s
Project in a manner that provides more certainty for Project water users, UKL elevations, and
Klamath River flows than in the past.



Table 2.1 Chronology of Agency Coordination Team meetings for development of Reclamation’s proposed

action.
Date City State
May 10, 2011 Redding CA
June 2-3, 2011 Medford OR
June 22-23, 2011 Arcata CA
July 19-20, 2011 Klamath Falls CA
August 15, 2011 Teleconference
September 13-14, 2011 Ashland OR
October 4, 2011 Klamath Falls OR
October 18, 2011 Teleconference
November 8-9, 2011 Arcata CA
December 6-7, 2011 Redding CA
January 10-11, 2012 Redding CA
February 9-10, 2012 Redding CA
February 17, 2012 Teleconference
February 28, 2012 Teleconference
March 14, 2012 Ashland OR
April 3, 2012 Teleconference
April 17,2012 Teleconference
April 26-27, 2012 Medford OR
May 3-4, 2012 Teleconference
May 16-18, 2012 Medford OR
June 4, 2012 Teleconference
June 7, 2012 Teleconference
June 19-20, 2012 Klamath Falls OR
July24-25, 2012 Teleconference
August 9, 2012 Teleconference
September 21, 2012 Teleconference

On December 1, 2012, Reclamation sent letters requesting initiation of formal consultation
pursuant to section 7(a)(2) of the ESA. The Services received Reclamation’s request and
accompanying BA on December 3, 2012. NMFS also received Reclamation’s December 21,
2012, letter clarifying the proposed minimum daily average target flows and the inclusion of a
coho salmon conservation measure as part of the proposed action. The USFWS received
Reclamation’s January 4, 2013, letter revising the effects determination on critical habitat for
Lost River sucker and shortnose sucker, and addressing other minor points of clarification. On
January 8, 2013, a letter of sufficiency of the BA was sent to Reclamation from the Services.

In Section 4.3.3.5 on page 4-45 of the final BA (Reclamation 2012), Reclamation included as
part of the proposed action information on mowing roads and dikes and the use of pesticides and

herbicides on Project lands. The BA states the effects of these activities have been evaluated in
previous ESA section 7 consultations (1-7-95-F-26 and 1-10-07-F-0056), and there are no
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proposed changes to the vegetation and pest management activities as currently practiced. On
February 8, 2013, Reclamation clarified via email that the information on pesticide use as noted
in Section 4.3.3.5 was included in the BA to respond to USFWS's request to provide a complete
Baseline of Project operation, and Reclamation is not requesting consultation on pesticide use as
part of their request for formal consultation.

Additionally, as part of their proposed action in the final BA, Reclamation included a statement
that in dry years when the Project Supply is limited, it may not be possible to maintain the
proposed minimum Tule Lake Sump 1A elevations because of decreased runoff and drainage
from Project land. Reclamation stated in the first paragraph on page 4-38 of the BA
(Reclamation 2012) that this situation is outside of their control, and Tule Lake elevations may
decline to levels less than the proposed minimums and sucker relocation may be necessary.
However, after finalizing the BA, Reclamation conducted further analysis on the likelihood of
not meeting minimum elevations in Tule Lake. On April 9, 2013, Reclamation provided this
analysis to the USFWS via email, concluding that if the Klamath Project received irrigation
deliveries, the likelihood of not maintaining minimum surface elevation in Tule Lake Sump 1A
was very rare. Therefore, Reclamation requested via email on April 25, 2013, that the paragraph
on page 4-38 and associated Appendix 4B be removed from the proposed action and not
analyzed.

On May3, 2013, USFWS received Reclamation’s letter, clarifying and updating the proposed
action with additional Conservation Measures. These measures included providing an additional
$500,000 in FY2013 to support captive propagation; capturing and transporting listed suckers in
Lake Ewauna and releasing them in UKL; and investigating the reduction of flows at Link River
Dam to determine if there are feasible management options to minimize effects of entrainment at
Link River Dam on larvae and juvenile listed suckers at key times when they are present at the
south end of UKL.

On May 7, 2013, Reclamation and NMFS met in Medford, OR to discuss several issues NMFS
needed to be addressed prior to issuance of the anticipated, joint BiOps on Reclamation’s
proposed action. The issues involved the minimum flows during the spring, magnitude and
frequency of high flow events, and the restoration funding.

On May 10, 2013, NMFS received Reclamation’s May 9, 2013, letter documenting the mutual
agreement between NMFS and Reclamation to extend the consultation on the endangered
southern resident killer whale DPS (Orcinus orca) for one year.

On May 29, 2013, NMFS received Reclamation’s letter revising the proposed action to further
minimize adverse effects of the Project on the SONCC coho salmon ESU and its critical habitat.
The revised proposed action consists of: (1) increasing the minimum daily IGD flow targets for
April, May, and June; (2) clarifying flexibility in operations regarding meeting minimum daily
average flows downstream of IGD; (3) clarifying that the proposed action daily modeled IGD
flows during high flow events will be achieved during real-time operations; (4) increasing annual
fisheries habitat restoration funding to $500,000; and (5) using adaptive management for
minimizing fish disease.



3 ACTION AREA

The action area includes “all areas to be affected directly or indirectly by the Federal action and
not merely the immediate area involved in the action” (50 C.F.R. § 402.02).

For purposes of the USFWS’s BiOp, the action area includes UKL in south central Oregon, and
Gerber Reservoir and Clear Lake in the Lost River drainage of southern Oregon and northern
California downstream to IGD (Figure 3.1). Please note that Clear Lake and Clear Lake
Reservoir are the same water-body and the names are used interchangeably throughout this
document. Within the Upper Klamath Basin, the action area includes Agency Lake, UKL and its
tributaries, Keno Reservoir (also called Lake Ewauna), the Lost River including Miller Creek,
and all Reclamation-owned facilities including reservoirs, diversion channels and dams, canals,
laterals, and drains, including those within Tule Lake and Lower Klamath National Wildlife
Refuges (Figure 3.2). The UKL tributaries are included in the action area because the
conservation measures for listed suckers are likely to occur in these tributaries, not because the
Project operations affect these species or their habitat within the tributaries.

For the NMFS, the action area includes the mainstem Klamath River from IGD at River Mile
(RM) 190 to the Klamath River mouth, as well as tributaries between IGD and the Salmon River.
The Klamath River tributaries are part of the action area because one of the proposed
conservation measures focuses on providing benefits to coho salmon populations within these
tributaries.



Figure 3.1. The action area for Reclamation’s proposed action.



Figure 3.2. Location of the Project in the Upper Klamath River Basin of Oregon and California (Reclamation 2013a).



4 PROPOSED ACTION

Reclamation proposes to continue to operate the Project to store, divert, and convey water to
meet authorized Project purposes and contractual obligations in compliance with applicable State
and Federal law. Reclamation also proposes to carry out the activities necessary to maintain the
Project and ensure its proper long-term functions and operation. The period covered by this
proposed action is the signature date of this BiOp through March 31, 2023.

Reclamation’s proposed Project operations from 2013 to 2023 consist of three major elements:
1. Store waters of the Klamath and Lost Rivers.

2. Operate the Project, or direct the operation of the Project, for the delivery of water for
irrigation purposes, subject to water availability, while maintaining lake and river hydrologic
conditions that avoid jeopardizing the continued existence of listed species and adverse
modification of designated critical habitat.

3. Perform operation and maintenance (O&M) activities necessary to maintain Project facilities
to ensure proper long-term function and operation.

Each of the elements of the proposed action is described in greater detail in the following
sections. Elevations used in this section are referenced to Reclamation’s datum for the upper
Klamath Basin, which is 1.78 feet higher than the National Geodetic Vertical Datum of 1929.

4.1 Element One
Store waters of the Klamath and Lost Rivers.

4.1.1 Annual Storage of Water

Reclamation plans to store water annually in UKL, Clear Lake, and Gerber Reservoir. The
majority of inflow occurs from November through May. In some years of high net inflows or
atypical inflow patterns, contributions to the total volume stored can also be significant in
October and June. The majority of water delivery from storage occurs during April through
September, although limited delivery occurs in March, October, and November. Storing water
through the winter and spring results in peak lake and reservoir storage between March and May.

The Klamath Project’s primary storage reservoir, UKL, is shallow and averages only about 6 feet
(ft) (1.8 meters [m]) of usable storage when at full pool (approximately 515,000 acre-feet). Clear
Lake and Gerber Reservoir also have limited storage capability. Thus, UKL, Clear Lake, and
Gerber Reservoir do not have the capacity to carry over significant amounts of stored water from
one year to the next. UKL also has limited capacity to store higher than normal inflows during
spring and winter months, because the levees surrounding parts of UKL are not adequately
constructed or maintained for that purpose. Therefore, the amount of water stored in any given
year is highly dependent on net inflows in that year, and in preceding years. Inflow throughout
the irrigation season is predominantly dependent upon snowpack to sustain flows during the
summer and fall months. Ground water is an important component of inflow to UKL and also
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for summer and fall base flow in tributaries to UKL. However, without adequate snowpack,
sufficient water may not be available to meet all needs.

4.1.2 UKL Flood Prevention Threshold Elevations
While balancing the need for storing water, Reclamation must also evaluate the available storage
capacity in UKL to prevent flooding. Adequate storage capacity must be maintained in UKL to
capture high runoff events and avoid potential levee failure. Maximum UKL elevation
thresholds for flood protection (Table 4.1) are not intended to be exceeded. Flood prevention
releases from Link River Dam occur any time UKL elevations appear likely to exceed elevations
that put lakeshore levees at risk of failure or being overtopped.

Flood protection elevations vary in January through April depending on the Natural Resources
Conservation Service (NRCS) UKL 50 percent exceedance net inflow forecast for March
through September. When the forecast exceeds 710,000 acre-feet, lower flood release threshold
elevations are implemented. This allows for a greater margin of safety when high inflows to
UKL are anticipated. The UKL flood prevention elevations are intended to be used as guidance;
in the actual operation of UKL, professional judgment will be utilized in combination with
hydrologic conditions, snowpack, forecasted precipitation, and other factors to ensure the
protection of UKL levees and the public.

Table 4.1 UKL flood release threshold elevations for the last day of each month under relatively dry or wet
conditions.

Month Drier Condition Elevation Wetter Condition Elevation

(Forecast < 710,000 acre-feet) (Forecast >710,000 acre-feet)
October 4141.40 £t (1,262.30 m) 4141.40 t (1,262.30 m)
November 4141.60 ft (1,262.36 m) 4141.60 ft (1,262.36 m)
December 4141.80 ft (1,262.42 m) 4141.80 ft (1,262.42 m)
January 4,142.30 ft (1,262.57 m) 4,142.00 ft (1,262.48 m)
February 4,142.70 ft (1,262.70 m) 4,142.40 ft (1,262.60 m)
March 4,143.10 ft (1,262.82 m) 4,142.80 ft (1,262.73 m)
April 4,143.30 ft (1,262.88 m) 4,143.30 ft (1,262.88 m)
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4.2 Element Two
Operate the Project, or direct the operation of the Project, for the delivery of water
for irrigation purposes, subject to water availability, while maintaining lake and
river hydrologic conditions that avoid jeopardizing the continued existence of listed
species and adverse modification of designated critical habitat.

4.2.1 General Description
The Klamath Project has two distinct service areas: the east side and the west side. The east side
of the Project includes lands served primarily by water from the Lost River, and Clear Lake and
Gerber Reservoirs. The west side of the Project includes lands that are served primarily by water
from UKL and the Klamath River. The west side also may use return flows from the east side.
The Project is operated so that flows from the Lost River and Klamath River are controlled,
except during high inflow periods. The Project was designed based on reuse of water.
Therefore, water diverted from UKL and the Klamath River for use within the west side is
reused several times before it discharges back into the Klamath River via the Klamath Straits
Drain. Return flows from water delivered from the reservoirs on the east side are also reused
several times.

Water management relies heavily on seasonal water supply forecasts provided by NRCS for the
Williamson River, UKL, Clear Lake, and Gerber Reservoir. The water supply forecasts are
developed based on antecedent streamflow conditions, precipitation, snowpack, current
hydrologic conditions, a climatological index, and historical streamflow patterns (Risley et al.
2005). NRCS updates the forecasts for the season early each month from January to June, with
mid-month updates through June. The forecasts are used to estimate seasonal net inflow to these
bodies of water and in models used to simulate water management scenarios for the Project,
UKL, Klamath River, and refuges. The inflow forecasts are estimates; observed inflows
typically vary substantially from forecasted inflows. Variation in the forecasts ranges from 1 or 2
percent to over 100 percent, depending on the timeframe of the forecast (March through
September for example) and the month in which it was issued.

A detailed description of the NRCS inflow forecasting procedures is located at the following
NRCS web sites: http:/www.wee.nres.usda.gov/factpub/wst primer.html and
http://www.wee.nres.usda.gov/factpub/intrpret. html

For the purpose of estimating future Project needs, yearly demands for irrigation supply and
refuge deliveries are assumed to be similar to those that have occurred in the period of record
(POR). The irrigation demand is the amount of water required to fully satisfy the irrigation
needs of the Project. Historical demands during the POR result from a large range of hydrologic
and meteorological conditions, and are expected to be a reasonable representation of future
demand during the 10-year period of this proposed action.

4.2.2 Operation of the East Side of the Klamath Project
The east side of the Project consists of approximately 37,000 acres (ac) (15,000 hectares [ha]) of
irrigable land and reservoirs, dams, canals, laterals, drains, and pumping plants. The east side
diverts water from Clear Lake and Gerber Reservoirs. Although the water year is October 1 to
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September 30 of each year, delivery of water to the east side of the Project occurs primarily from
mid-April through the end of September. East side Project features are shown in Figure 3.2.

These two east side reservoirs store water to meet irrigation needs of the east side and prevent
flooding in and around Tule Lake. Water from Clear Lake and Gerber Reservoirs principally
serve Langell Valley Irrigation District, Horsefly Irrigation District, and private Warren Act
contract lands. However, water from return flows and accretions can be delivered to other
Project lands through the Lost River and Lost River Diversion Channel system. Irrigation water
on the east side is managed to minimize flow passing Harpold Dam, a Horsefly Irrigation District
facility. Water that does flow past Harpold Dam is used by irrigators or diverted into the Lost
River Diversion Channel, where it may be used on the west side of the Project or routed to the
Klamath River.

Water released from Clear Lake Reservoir primarily serves land west of the Lost River, and is
diverted into the West Canal through headworks located at Malone Dam, approximately 12 miles
(mi) (19 kilometers [km]) below Clear Lake. Only irrigation releases are made from Clear Lake
Dam unless required by an emergency situation. Emergency situations for Clear Lake and
Gerber Reservoirs may include, but are not limited to, flood control, dam failure, and inoperable
gates.

Water released from Gerber Reservoir primarily serves lands east of the Lost River, and is
diverted into the North Canal through a diversion structure on Miller Creek approximately 6 mi
(10 km) below Gerber Reservoir. The North Canal provides water to the Langell Valley
Irrigation District. During the irrigation season, no water is released into Miller Creek below the
diversion structure; however, return flows from irrigation of adjacent lands and dam leakage
provide some flow in Miller Creek. When irrigation water is not used, water flows down Miller
Creek to the Lost River.

The POR for hydrologic and Project data for this proposed action as it relates to the east side of
the Project is 1903 through 2012 for Clear Lake Reservoir, and 1925 through 2012 for Gerber
Reservoir. The POR includes a broad range of hydrologic conditions that likely encompasses the
range of future conditions that may occur within the 10-year period covered by the proposed
action.

Reclamation proposes to operate the east side of the Project as described below.

4.2.2.1 Clear Lake Operations

Under the proposed action, Clear Lake is generally expected to provide water sufficient to meet
irrigation demand, which is anticipated to be near the long-term average of approximately 34,000
acre-feet annually. Water is generally used between April 15 and September 30, with the outlet
at Clear Lake Dam typically opened on April 15 and closed on October 1. The average release
rate is approximately 120 cubic feet per second (cfs; 3.4 m*/sec) with a typical maximum
irrigation release of approximately 170 cfs (4.8 m*/sec).

Clear Lake has a winter carryover storage capacity of approximately 350,000 acre-feet,
corresponding to a maximum water surface elevation of 4,536.40 ft (1,382.70 m) between
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October 1 and March 1. The proposed maximum operational water surface elevation is 4,537.40
ft (1,383.00 m) between March 2 and September 30. Elevations can reach a temporary
maximum of 4,543.00 ft (1,384.71 m) for flood storage purposes; however, water must be
released any time elevations are greater than 4,537.40 ft (1,383.00 m; R. Madsen, Reclamation,
pers. comm. 2013).

Based on the POR, the 5 percent exceedance elevation occurs in April and is 4,539.26 ft
(1,383.57 m). The 95 percent exceedance elevation occurs in September and is 4,519.42 ft
(1,377.52 m). The proposed end of September minimum elevation is 4,520.60 ft (1,377.88 m).

Available water from Clear Lake is estimated annually using a seasonal forecasting model
developed by Reclamation (different from the Water Resource Integrated Modeling System
[WRIMS] model used to develop the proposed action; see Section 4.2.3 for more information on
WRIMS). The model accounts for the NRCS inflow forecast, typical irrigation delivery patterns,
seepage, and evaporation. Reclamation estimates available water supplies and appropriate
deliveries that will ensure an end of September Clear Lake elevation greater than the proposed
minimum elevation of 4,520.60 ft (1,377.88 m). Reclamation continues to evaluate these
estimates throughout the irrigation season to ensure the end of September elevation is met.
Irrigation demands are dictated by the Horsefly Irrigation District and other contracted private
users along the Lost River.

4.2.2.2 Gerber Reservoir Operations

Under the proposed action, Gerber Reservoir is expected to provide water sufficient to meet
irrigation demand, which is anticipated to be near the long-term average of approximately 35,000
acre-feet annually. Water is generally used between April 15 and September 30, with the outlet
at Gerber Dam typically opened on April 15 and closed on October 1. The average release rate
is approximately 120 cfs (3.4 m*/sec) with a typical maximum irrigation release of
approximately 170 cfs (4.8 m*/sec).

Gerber Reservoir has a winter carryover storage capacity of approximately 55,000 to 65,000
acre-feet, corresponding to a maximum water surface elevation of approximately 4,833.00 ft
(1,473.10 m) between October 1 and March 1. The proposed maximum operational elevation is
approximately 4,836.00 ft (1,474.01 m) between March 2 and September 30. A temporary
maximum elevation for flood storage has not been defined; however, Reclamation considers
potential flood control releases could be required when elevations are greater than 4,835.40 ft
(1,473.83 m) and a substantial snowpack is present (R. Madsen, USBR, pers. comm. 2013).

Based on the POR, the highest elevations occur in April and the lowest elevations occur in
October. The proposed end of September minimum elevation is 4,798.10 ft (1,462.46 m).

Historically, approximately 2 cfs (0.06 m>/sec) of water was released into Miller Creek during
the winter to prevent a valve in Gerber Dam from freezing. Recently, however, the discharge has
been increased to approximately 5 cfs (0.14 m’/sec) to minimize the potential for stranding
suckers in pools below the dam and ensure water quality is adequate to support suckers.
Reclamation intends to continue the 5 cfs (0.14 m*/sec) releases into Miller Creek from Gerber
Reservoir as part of this proposed action.
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Available water from Gerber Reservoir is estimated annually using a seasonal forecasting model
developed by Reclamation, similar to that for Clear Lake. The model accounts for the NRCS
inflow forecast, typical irrigation delivery patterns, seepage, and evaporation. Reclamation
estimates available water supplies and appropriate deliveries that will ensure an end of
September Gerber Reservoir elevation greater than the proposed minimum elevation of 4,798.10
ft (1,462.46 m). Reclamation continues to evaluate this estimate throughout the irrigation season
to ensure that the end of September minimum elevation is met. Irrigation demands are dictated
by the Langell Valley Irrigation District, Horsefly Irrigation District, and other contracted private
users along the Lost River.

4.2.3 Operation and Delivery of Water on the West Side of the Klamath Project

The west side of the Project consists of approximately 170,000 ac (68,797 ha) of irrigable land
and numerous reservoirs, dams, channels, canals, laterals, drains, and pumping plants. The west
side diverts water directly from UKL or the Klamath River. Although the water year is October
1 to September 30, delivery of water to the Project occurs primarily from early April through
mid-October. However, limited water is delivered to the Project between October and March.

Major Project delivery facilities associated with the west side include the following: The A
Canal divers water from UKL approximately 1,700 ft (518 m) upstream from Link River Dam
and delivers irrigation water, either directly or through return flows, to a large portion of the
Project. The Lost River Diversion Dam (“Wilson Dam”), located on the Lost River near the
town of Olene, Oregon, diverts water from the Lost River into the Lost River Diversion Channel
for irrigation and flood control of Tule Lake reclaimed lands. The Lost River Diversion Channel
begins at the Lost River Diversion Dam and is routed to the west where it terminates at the
Klamath River in Keno Reservoir. The Lost River Diversion Channel is designed so that water
can flow in either direction, depending on operational requirements. During irrigation season,
the predominant direction of flow is from the Klamath River to the Lost River system. During
the non-irrigation season, flow is typically from the Lost River system to the Klamath River.
Anderson-Rose Diversion Dam is located on the Lost River downstream from the Lost River
Diversion Dam, and feeds the main distribution canal for Tulelake Irrigation District. Ady and
North Canals divert water from Keno Reservoir to the Lower Klamath area, and serve Klamath
Drainage District, Lower Klamath National Wildlife Refuge (NWR), and the Area K Lease
Lands, which are part of Lower Klamath NWR. Delivery facilities that provide winter irrigation
and Lower Klamath NWR water include Ady and North Canals. Station 48 also delivers water
into November in some years. Project features are shown in Figure 3.2.

The POR for hydrologic and Project data for this proposed action as it relates to UKL and the
operations of the west side of the Project is water year 1981 through 2011, in large part because
NRCS has reconstructed its historical forecasts for the Williamson River and UKL back through
the 1981 water year. NRCS reconstructions are based on improved algorithms and updated daily
UKL net inflow and Williamson River flow volume calculations. Reconstructed forecasts are
not available prior to water year 1981. The proposed action relies heavily on these forecasts as
described in the Spring/Summer Operations section (section 4.2.3.2).
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Reclamation incorporated the 1981 through 2011 dataset into WRIMS to assess the effects of the
proposed action as it relates to operations on the west side of the Project. WRIMS, formerly
called CALSIM, is a generalized water resources model for evaluating operational alternatives of
large, complex river basins. In previous consultations, the WRIMS model used monthly data
and could only provide output on a monthly time step. For this consultation, a substantial effort
was made to convert the available monthly data into a daily dataset, and upgrade the WRIMS
model to a version that uses daily data and provides output on a daily time step. Daily datasets
compiled and calculated for the new version of the model include UKL net inflow, west side of
the Project historical use, Keno Reservoir accretions, and Keno Dam to IGD accretions.

The version of WRIMS used to model various proposed action scenarios is referred to by
Reclamation (Reclamation 2012) as the Klamath Basin Planning Model (KBPM). The specific
model study of the proposed action is named 2L MW _7 O, distributed on December 7, 2012.

Although the model is called a planning model, it is also an operational model in the sense that it
provides specific guidance and procedures for management and allocation of water throughout
the water year. The order in which water management procedures are conducted and decisions
made during operation of the proposed action are specifically intended to be the same as those
used in the model. The equations upon which decisions are made during operations are the exact
equations used in the model, and the order in which equations are applied and decisions made are
intended to be the same operationally as in the model.

The KBPM includes data for the west side of the Project, the Williamson River, UKL, and the
Klamath River between Link River Dam and IGD. The KBPM does not explicitly model Clear
Lake, Gerber Reservoir, or the Lost River on the east side of the project. However, the net
effects on the west side of the Project and Klamath River that result from east side operations
and hydrologic conditions are included in the model via the gains and losses from the Lost River
Diversion Channel. The KBPM also does not model operational details for facilities on the
Klamath River, such as IGD or other reservoirs owned and operated by PacifiCorp. Operation of
the west side of the Project was simulated over the POR using daily input data to obtain daily
results for Klamath River flows, Project diversions (including the Lower Klamath NWR), and
UKL elevations and storage. Daily results are converted to 3- or 7-day moving averages or
weekly, monthly, and annual volumes during evaluation of the model results, depending on how
the user chooses to view and use the model output.

Three primary elements derived from the model and included in the proposed action are the
concepts of Project Supply, Environmental Water Account (EWA), and Upper Klamath Lake
Reserve (UKL Reserve). These are defined as follows:

The Project Supply is defined as the volume of water provided from UKL to the
Project for irrigation use between March 1 and September 30 of any given water
year.

The EWA is defined as the volume of water available from UKL to the Klamath
River for instream flow between March 1 and September 30 of any given water
year.
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The UKL Reserve is defined as the usable storage volume (above an elevation of
4,136.00 ft [1260.65 m]) in UKL on September 30 of each water year. Similar to
the Project Supply and EWA, the UKL Reserve is initially determined on March
1.

Note that although the water volumes for each of the Project Supply and EWA are for March 1
through September 30, these supplies of water are not required to be fully used by September 30,
and may be used through November of the following water year.

The KBPM is a critical tool for evaluation of possible water management. However, not all of
the processes built into the model can be implemented during operations exactly as they were
simulated. For example, the model uses patterns of irrigation water distribution on a monthly
basis to simulate delivery of water to the Project. The distribution patterns were developed by
analyzing historical irrigation demand and calculating an average percent distribution for each
month during water years ranging from substantially drier than average to substantially wetter
than average.

Real-time implementation of the proposed action will not result in the same irrigation delivery
distribution patterns. Similarly, the UKL Reserve and distribution of the EWA will be different
operationally than simulated. However, the results of actual operations are anticipated to be
within the upper and lower bounds of the simulated results (e.g., Klamath River flows at IGD,
UKL elevations, and Project Supply), assuming that climate and hydrologic conditions occurring
during the life of the proposed action are within the range of conditions observed in the POR
used for modeling the proposed action.

A detailed description of WRIMS model study 2L MW _7 O is included in Appendix 4A-1,
Model Documentation of Reclamation’s Biological Assessment (Reclamation 2012).

4.2.3.1 Fall/Winter Operations

Water management from October through February will follow a formulaic approach focused on
meeting the needs of coho salmon in the Klamath River while increasing water storage in UKL
and providing fall/winter water deliveries to the Project and Lower Klamath NWR. This
approach attempts to ensure adequate water storage and sucker habitat in UKL while providing
variable river flows that mimic natural hydrology, based on real-time hydrologic conditions in
the upper Klamath Basin. The fall/winter Klamath Project operational procedure distributes the
available UKL inflows as described below. Additional details are included in Reclamation’s BA
(Reclamation 2012).

The primary goals of fall/winter water management are to:

e Increase the UKL elevation to meet listed species habitat needs and increase storage for
spring/summer EWA releases and irrigation deliveries.

e Release sufficient flow from Link River Dam to meet listed species needs in the Klamath
River.
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e Provide Project irrigation deliveries to:
= Klamath Drainage District (Area A2 from North Canal and Ady Canal)
= Lease Lands in Area K (Area A2 from Ady Canal)
= Lower Klamath National Wildlife Refuge (from Ady Canal)

To satisfy these goals for fall/winter water management, Reclamation will determine a flow
release target from Link River Dam in real-time, using the series of steps and equations
described below. The flow release target from Link River Dam combined with accretions
downstream from Link River Dam is intended to provide at least minimum daily target flows
below IGD, and flows greater than minimums when hydrologic conditions allow. 1GD proposed
average daily minimum target flows are 1,000 cfs (28.3 m*/sec) in October and November, and
950 cfs (26.9 m*/sec) in December, January, and February.

In several water years during the POR, the model simulates a number of daily flows at IGD that
are less than the minimum daily average target flows. This is because the model simulates a one-
day time lag between flow releases at Link River Dam and flow at IGD. The one-day time lag
combined with variability in accretions results in simulated flows lower than the minimum
targets. Real-time implementation of the proposed action will result in increased releases from
Link River Dam to ensure that flows meet or exceed the daily minimum average target flows at
IGD. In addition, to allow flexibility for the possibility of operator error and uncertainties
associated with flow releases at IGD, Reclamation proposes a maximum of a 5 percent reduction
in flows below the minimum daily average flows at IGD, for up to a 72-hour duration. If such a
flow reduction occurs, Reclamation proposes that the resulting average flow for the month will
meet or exceed the associated minimum daily average flow (Reclamation 2013b).

Flow in the Williamson River is the primary hydrologic indicator used to calculate a release
target for Link River Dam. As described in more detail below, the initial calculated Link River
Dam release target is modified based on several factors, including (1) magnitude of Williamson
River flow, (2) rate at which UKL is filling, (3) accretions to the Klamath River below Link
River Dam, and (4) any EWA carried over from the previous water year. Williamson River
flows used in the modeling environment and during real-time operations are based on daily
average flow at the U.S. Geological Survey (USGS) gage number 11512500 (Williamson River
below Sprague River, near Chiloquin, Oregon).

4.2.3.1.1 Williamson River Proportion
The previous day’s Williamson River average flow is multiplied by the appropriate proportion to
calculate an initial Link River Dam flow release. The proportion of the Williamson River flow
used to calculate the daily Link River Dam target release is adjusted based on the magnitude of
the current Williamson River flow and the month. Higher Williamson River flow results in a
greater proportion of inflow released at Link River Dam and lower Williamson River flow
results in a lower proportion released. The flow proportion multipliers corresponding to specific
Williamson River flows are presented in Table 4.2. Intermediate flow proportion multipliers are
obtained by linear interpolation.
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Table 4.2. Williamson River proportion targeted for release at Link River Dam.

October November December January February
V\Eiclég'l Will_prop V\Elclégl Will_prop “&1}31 Will_prop V\Zlclégl Will_prop \IN(chf(s)) Will_prop
<500 1.0 <500 1.0 <450 0.85 <450 0.85 <450 0.85
650 1.25 1173 1.25 800 0.9 800 0.9 800 0.9
1000 2.0 3192 2.0 1000 1.5 1000 1.5 1000 1.5
>4000 2.3 >4000 2.3 2000 1.9 2000 1.9 2000 1.9
> 4000 2.3 >4000 2.3 >4000 2.3

“WillQ_;” is the average flow of the Williamson River the previous day in cfs.

“Will prop” is the proportion of yesterday’s Williamson River flow targeted for release from
Link River Dam

4.2.3.1.2 UKL Fill Rate Adjustment
The UKL fill rate adjustment changes the proportion of the Williamson River flow intended for
release at Link River Dam to account for the fill trajectory in UKL. The adjustment is applied
only after November 15. The fill rate adjustment is not applied in October and the first half of
November because this is a critical time biologically for listed coho on the Klamath River. Fill
rate adjustment multipliers for wet and dry hydrologic conditions are presented in Table 4.3.

Intermediate values of the fill rate adjustment factor are obtained by linear interpolation, based
on the fill rate differential calculated that day.
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Table 4.3. UKL fill rate adjustment factor.

Fill_rate_diff (ft/day) Fill_rate_adjust wet Fill_rate_adjust_dry
<-0.02 0.6 0.2
0 1.0 1.0
>0.03 1.4 1.0

“Fill_rate diff” is the difference between the recent fill rate of UKL and the average fill rate
needed to reach 4,142.80 ft (1,262.73 m) on March 1. Positive values indicate recent fill rates
exceed the average rate needed to reach 4,142.80 ft (1,262.73 m) on March 1. Negative values
indicate recent fill rates are less than the average rate needed to reach 4,142.80 ft (1,262.73 m)
on March 1.

The “wet” and “dry” modifiers to the fill rate adjustment term are defined by the UKL
cumulative inflow index. The UKL cumulative inflow index (Upper Klamath
Lake cum _inf ind) is not calculated by the model, but instead is part of the model input
dataset. Because the model does not calculate the index, it must be calculated on a daily basis
during real-time operations over the life of the proposed action, as follows:

Upper Klamath Lake Index =

UKL cumulative net inflow from September 1 through day;_,

period of record maximum cumulative net inflow from September 1 through day,_,

The day;.; term indicates the value on the previous day. The index is then normalized between
0 and 1. Drier hydrologic conditions are defined as a value of the UKL cumulative inflow
index less than 0.30. An index value greater than 0.30 indicates any condition not defined as
dry but does not distinguish between average or wet conditions.

4.2.3.1.3 Net Accretion Adjustment
Releases from IGD can be greatly affected by the accretions between Link River Dam and IGD.
Low net accretions may result in the need to release more water from Link River Dam to
produce calculated IGD flows. High net accretions may result in less water being released from
Link River Dam to meet calculated IGD flows. The accretion adjustment modifies Link River
Dam releases in all hydrologic conditions between October 1 and November 15. Therefore,
higher releases at Link River Dam may offset low seasonal accretions downstream. Although
values are included in Table 4.4 for all conditions, the accretion adjustment is applied after
November 15 only in relatively dry conditions (defined by an UKL cumulative inflow index
value less than 0.30), when accretions below Link River dam are low and the accretion
adjustment is necessary to meet calculated IGD flows. Accretion adjustment multipliers are
presented in Table 4.4. As with other adjustment factors, intermediate multiplier values are
obtained by linear interpolation.
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Table 4.4 Net accretion below Link River Dam adjustment factor.

October November December January February
Net Net Net Net Net
accrete | Accrete | accrete | Accrete | accrete | Accrete | accrete | Accrete | accrete | Accrete
(cfs) _adjust (cfs) adjust (cfs) adjust (cfs) adjust (cfs) adjust
-58 1.2 43 1.2 60 1.2 140 1.0 303 1.0
198 1.2 163 1.2 171 1.2 258 1.0 354 1.0
397 1.0 377 1.0 342 1.0 410 1.0 525 1.0
510 1.0 494 1.0 > 415 0 > 473 0 > 589 0
> 585 0.4 > 566 0.4
“Net_accrete” is the value of accretions between Link River Dam and Iron Gate Dam.
“Accrete_adjust” is the multiplier applied to the Link River Dam release target.

4.2.3.1.4 Link River Dam Target Releases
Calculation of releases at Link River Dam is based on the adjustments described above and the
month of the year, as shown in Table 4.5.
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Table 4.5. Calculation of fall/winter Link River Dam target releases.

Condition Equation

(Will_prop * Will Riv_inf; * Accrete adjust) +

October through November 15 OctNov_augment

November 16 through 30,
Upper Klamath
Lake cum inf ind <0.3 (dry)

(Will_prop * Will Riv_inf ;* Fill rate adjust *
Accrete_adjust) + OctNov_augment

November 16 through 30,
Upper Klamath
Lake cum inf ind > 0.3 (wet)

(Will_prop * Will Riv_inf.* Fill rate adjust) +
OctNov_augment

December through February,
Upper Klamath Will prop * Will Riv_inf; * Fill rate adjust * Accrete adjust
Lake cum inf ind <0.3 (dry)

December through February,
Upper Klamath Will_prop * Will_Riv_inf.;* Fill_rate adjust
Lake cum inf ind > 0.3 (wet)

“Upper Klamath Lake cum_inf ind” is the UKL cumulative inflow index.

“Will_prop” is the proportion of yesterday’s Williamson River flow targeted for release from
Link River Dam.

“Will_Riv_inf,;” is the Williamson River average flow cubic feet per second the previous day.

“Accrete_adjust” is an adjustment to the Link River Dam release based on net accretions
between Link River Dam and Iron Gate Dam.

“OctNov_augment” is based on the volume, if any, of the EWA that was carried over from the
previous spring/summer season. The carryover volume is distributed during October and
November.

“Fill rate _adjust” changes the proportion of the Williamson River flow intended for release at
Link River Dam from November 16 through February to account for the fill trajectory of UKL.

The fall/winter management steps and Link River Dam release factors are summarized in Table
4.6.
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Table 4.6. Fall/winter water management summary.

Common Adjustment

Date Range | Condition Variable Adjustment Factors

Factors
October 1 Accretion Adjustment
through All
November 15 EWA Carryover Augmentation
Accretion Adjustment
Dry Fill Rate Adjustment

November 16 a1 . .
through 30 Williamson River Proportion e

Average Williamson River Flow Fill Rate Adjustment

Yesterday
to Wet EWA carryover augmentation

Accretion Adjustment

December 1 Dry
through Fill Rate Adjustment
February 28 or Average
29 verag Fill Rate Adjustment
to Wet

During fall/winter operations, a daily average Link River Dam target release will be calculated
based on the above steps and equations. The daily average Link River Dam release will be
translated into a daily IGD flow target based on (a) accretions from one week previously for the
reach between Link River Dam and Keno Dam, and (b) real-time estimates of accretions
between Keno Dam and IGD. Management operations are intended to predict flows at IGD
approximately 1 week into the future or, stated differently, with a lead time of approximately 1
week. Therefore, IGD target flows are proposed to be implemented approximately 1 week after
flows are observed in the Williamson River. One week between observed flows at the
Williamson River gage and when the flows occur at IGD is approximately the travel time for
water to flow from the Williamson River gage to IGD under natural hydrologic conditions. The
actual transit time will vary based on hydrologic conditions, magnitude of flow, and PacifiCorp’s
reservoir and dam management operations. Assuming approximately 1 week transit time allows
Reclamation, other agencies, stakeholders, and PacifiCorp the ability to coordinate on projected
flows below Link River Dam.

In addition, Reclamation will use Williamson River inflow and weather forecasts to estimate
likely Link River Dam and IGD flows for an additional week, resulting in a total of 2 weeks of
projected flows. The additional 1 week of Link River Dam and IGD flow projection is intended
to provide further advanced planning opportunities for resource managers and PacifiCorp. The
result of the real-time planning operations described here will be a series of rolling 1- and 2-
week projections of releases at Link River Dam and flow at IGD throughout the fall/winter
period. Note that the rolling 1- and 2-week projections of releases at Link River Dam and flow
at IGD will also be followed during the spring/summer.
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Flows below IGD are ultimately the result of the daily Link River Dam target releases, Link
River Dam to IGD accretions, and the management of the Klamath Hydroelectric Project by
PacifiCorp. Accretions between Link River Dam and Keno Dam are calculated based on flow
measurements at the two dams and volumes of water diverted from or to the Klamath River from
Klamath Project canals. Accretions between Keno Dam and IGD are based on flow
measurements at the two dams, and estimated tributary and groundwater discharge to the
Klamath River. Therefore, Reclamation and PacifiCorp will estimate total accretions and add
them to the Link River Dam target releases on a near real-time basis. PacifiCorp will be
provided flexibility in managing accretions. However, Reclamation, the NMFS, and the USFWS
expect that accretions will be passed through the Klamath Hydroelectric Project in a manner
consistent with the timing and magnitude of the accretions.

PacifiCorp committed to coordinate with Reclamation to meet the flow-related requirements
described in the 2010 NMFS BiOp on Project operations or future consultations between NMFS
and Reclamation on Project operations during the Incidental Take Permit term as one of the
conservation actions in PacifiCorp’s Coho Habitat Conservation Plan (PacifiCorp 2012a) and
resulting Incidental Take Permit. PacifiCorp has successfully coordinated with Reclamation to
implement the requirements associated with the 2010 NMFS BiOp for the last 3 years, and
Reclamation expects this close coordination to continue during implementation of this proposed
action.

Emergencies may arise that cause PacifiCorp to deviate from the IGD release target.
Emergencies may include, but are not limited to, flood prevention or facility and regional
electrical service emergencies. Reclamation will coordinate closely with PacifiCorp should the
need to deviate from the IGD flow target be identified. Such emergencies occur infrequently,
and are not expected to significantly influence flows downstream from IGD.

Once the Link River Dam and IGD daily target releases are determined, the UKL refill rate is
evaluated to calculate the fall/winter water available for delivery to Area 2 of the Project and the
Lower Klamath NWR. The availability of water for delivery to the Project or Lower Klamath
NWR is evaluated on a daily basis. If UKL is expected to reach an elevation of 4,142.80 ft
(1,262.73 m) by March 1, water is made available for delivery to Area 2, Lower Klamath NWR,
or both. The timing of requested water deliveries to Area 2 and the Lower Klamath NWR varies
from year to year during the fall/winter depending on weather and hydrologic conditions.
Therefore, the volume of water determined to be available each day that could have been
diverted but was not, accumulates in a fall/winter Project account. Water is delivered to Area 2,
Lower Klamath NWR, or both, if demand exists later in the season. Water earmarked for Project
or Lower Klamath NWR delivery is not included in the UKL volume/elevation values used to
determine the Link River Dam target release. At the end of February, any water not delivered to
the Project or Lower Klamath NWR remains in UKL and becomes part of the overall volume
available for use as EWA, for the Project, or Lower Klamath NWR during the spring/summer
operations period.

In October and November, there is overlap between the spring/summer and fall/winter operations
because Area 1 of the Project and/or the Lower Klamath NWR diverts a portion of the
spring/summer Project Supply during these months. In addition, a portion of the EWA can be
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carried over from the preceding spring/summer period for distribution during October and
November. The delivery of spring/summer water in October and November is separate from,
and does not preclude, delivery of fall/winter water during October and November. Therefore,
the spring/summer and fall/winter EWA and diversion accounts will be kept separate during the
overlap period.

4.2.3.2 Spring/Summer Operations

Water management from March through September will be implemented using a water supply
account approach to meet the needs of coho salmon in the Klamath River, suckers in UKL, and
deliveries to the west side of the Project and Lower Klamath NWR. This approach attempts to
ensure adequate water storage and sucker habitat in UKL, while providing river flows that offer
adequate coho salmon habitat and mimic natural hydrology based on real-time conditions in the
Klamath Basin. The spring/summer Klamath Project operational procedure distributes the
available UKL inflow and storage as described below. Additional details are included in
Reclamation’s BA (Reclamation 2012).

The primary goals of spring/summer water management are to:

e Release sufficient flow from Link River Dam to meet listed species needs in the Klamath
River.

e Provide irrigation deliveries to the Project and Lower Klamath NWR.

e Manage UKL elevations to meet listed habitat needs and establish a UKL Reserve for the end
of the spring/summer season.

The Project irrigation season is from March 1 through September 30. However, spring/summer
irrigation often continues into October and November, depending on the weather, crops planted,
and hydrologic conditions at the end of the water year. Spring/summer irrigation season
operations will remain consistent with historical Project operations while attempting to (1)
provide greater certainty for Project Supply, (2) maintain UKL and Klamath River conditions
that avoid jeopardizing the existence of listed species, and (3) avoid adverse modification of
critical habitat.

Spring/summer operations are controlled by first defining the total available water supply for the
March through September time period on March 1 (UKL Supply), which is based on the end of
February UKL storage volume, the NRCS UKL net inflow March through September forecast,
and the end of September UKL storage volume modeling objective (UKL Reserve). The UKL
Supply is a total March through September volume of water that is updated in April, May, and
June to track current hydrologic conditions. The UKL Reserve, Project Supply, and EWA
represent the three primary components to which the total UKL Supply will be distributed; (1)
EWA specifies the amount of UKL water available to the Klamath River for downstream needs
of listed coho salmon, (2) Project Supply is the amount of UKL water available to the Project for
the irrigation season, and (3) UKL Reserve is defined as the supply of water to remain in UKL
for listed suckers at the end of September.
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The EWA, Project Supply, and UKL Reserve are calculated on the first day of March, and
updated in April, May, and June based on the available UKL Supply. The April 1 calculation
establishes the minimum Project Supply for the water year. The May and June updates
accommodate the change in UKL net inflow forecast and observed UKL net inflows by adjusting
the EWA and UKL Reserve volumes. The Project Supply also may be adjusted in May and
June. However, to provide certainty regarding the minimum Project Supply, the adjustments may
not reduce the Project Supply below the volume calculated on April 1. All water released from
UKL through the Link River Dam or A Canal between March 1 and September 30, including
flood prevention releases, is accounted against the Project Supply or the EWA. Water released
through Link River Dam and not diverted to North Canal, Ady Canal, or Lost River Diversion
Channel is EWA water. The spring/summer Klamath Project operational procedure distributes
the available UKL water as described below. Additional details are included in Reclamation’s
BA (Reclamation 2012).

4.2.3.2.1 UKL Supply
The UKL Supply is the factor used to determine the March through September water supply, and
is initially calculated March 1 using the end of February UKL storage, NRCS forecasted UKL
net inflow for March through September, and the end of September modeling objective UKL
storage volume (UKL Reserve). The equation is as follows:

March UKL Supply = [End of February UKL storage] + [Forecasted UKL net inflow for March
through September] — [End of September UKL storage modeling objective]

April/May/June UKL Supply = [End of February UKL storage] + [March50Volume] — [End of
September UKL storage modeling objective].

The UKL storage modeling objective is related to a September 30 UKL elevation the model uses
as an objective to calculate UKL Supply. The modeling objective also provides the model with
an end of water year UKL elevation based on hydrologic conditions that is a reasonable
beginning point for model calculations.

To accommodate the changes in UKL Supply based on updated forecasts and monthly observed
UKL net inflow volumes, the model applies a term identified as the March50Volume to track
available water supply in its calculations. NRCS provides a monthly UKL net inflow forecast
from January through June. The water management decisions in the proposed action are
predicated on the March through September UKL net inflow forecast. However, after March,
each monthly forecast provides the net inflow volume from the month in which the forecast is
issued to the end of September (e.g., April through September, May through September, or June
through September). Therefore, the UKL March through September supply is updated with the
March50Volume value, defined as the current month UKL net inflow forecast plus the total of
the previous month(s) observed UKL net inflow, and is calculated as follows:

e March =[March 1 50 percent exceedance forecast for March through September UKL
net inflows]
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e April = [April 1 50 percent exceedance forecast for April through September UKL net
inflows] + [Observed March UKL net inflow]

e May = [May 1 50 percent exceedance forecast for May through September UKL net
inflows] + [The sum of observed March and April UKL net inflows]

e June = [June 1 50 percent exceedance forecast for June through September UKL net
inflows] + [The sum of observed March, April, and May UKL net inflows]

4.2.3.2.2 UKL Reserve
The UKL Reserve is determined monthly from March through June. The UKL Reserve is
related to an end of September UKL elevation modeling objective (Table 4.7) translated to a
storage volume based on the elevation-capacity relationship for UKL (Appendix A). The
minimum UKL end of September elevation modeling objective is 4,138.10 ft (1,261.29 m).
Intermediate values for the elevation modeling objective are obtained by linear interpolation
based on the specific March50Volume.

Table 4.7. UKL end of September elevation modeling objectives based on March50Volume.

March50Volume End of September Elevation Modeling Objective
(acre-feet) ft (m)
210,000 4,138.10 (1,261.29)
310,000 4,138.10 (1,261.29)
620,000 4,138.20 (1,261.32)
830,000 4,138.35 (1,261.37)
1,030,000 4,138.54 (1,261.43)
> 1,240,000 4,138.75 (1,261.49)

4.2.3.2.3 Environmental Water Account
The EWA is the volume of water available to the Klamath River from UKL. EWA volumes
were developed with consideration of the needs of coho salmon, including effects to their critical
habitat. EWA also is calculated monthly from March through June based on available UKL
Supply. The percentage of UKL supply dedicated to EWA increases as the supply increases.
However, the minimum EWA is 320,000 acre-feet regardless of the supply. Therefore, if the
UKL supply is less than 600,000 acre-feet the EWA percentage calculation is replaced by the
minimum EWA value. The EWA percentages corresponding to specific UKL supply volumes
are shown in Table 4.8. Intermediate EWA percentages are obtained by linear interpolation.
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Table 4.8. Environmental Water Account based on UKL Supply.

Upper Klamath Lake Supply Environmental Water Account Percentage

(acre-feet) of UKL Supply
<600,000%* Not Applicable

600,000 0.53

900,000 0.57

1,100,000 0.63

1,300,000 0.70

> 1,500,000 0.78

* If the UKL Supply is less than or equal to 600,000 acre-feet the calculated EWA from the
percentages listed results in a volume less than 320,000 acre-feet. When this is the case, the
EWA will be set to 320,000 acre-feet regardless of the size of UKL Supply.

Similar to the fall/winter operations, the model simulates a number of daily flows at IGD that are
less than the minimum daily average target flow requirements for IGD shown in Table 4.9.
Real-time implementation of the proposed action will increase releases from Link River Dam to
avoid flows less than the daily minimum average target flows at IGD. Additionally, IGD
releases are proposed to be implemented approximately 1 week after flows are observed in the
Williamson River to account for travel time between the Williamson River gage and IGD, and
operational constraints. Assuming approximately 1 week transit time allows Reclamation, other
agencies, stakeholders, and PacifiCorp the ability to coordinate on projected flows below IGD.

Table 4.9. Proposed minimum spring/summer Iron Gate Dam target flows (cfs).

Month Iron Gate Dam Average Daily Minimum Target Flows (cfs)
March 1,000 (28.3 m3/sec)
April 1,325 (37.5 m3/sec)
May 1,175 (33.3 m3/sec)
June 1,025 (29.0 m3/sec)
July 900 (25.5 m’/sec)
August 900 (25.5 m’/sec)
September 1,000 (28.3 m*/sec)

Distribution of the EWA during spring/summer uses the Williamson River as a hydrologic
indicator to determine the releases from UKL at Link River Dam. Releases at Link River Dam
during spring/summer also take into account accretions between Link River Dam and 1GD,
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UKL fill rate, water released for flood prevention, the volume of EWA that needs to be reserved
for the base flow period (June through September), and the volume of EWA already used. This
approach produces Link River Dam releases that will, when combined with accretions, provide
flows at IGD that generally mimic the Williamson River hydrograph. When spill occurs or
adherence to a minimum flow requirement causes releases that are not proportional to the
Williamson River flows, the release at Link River Dam is adjusted for the next time step,
restoring the proper proportionality.

EWA will be distributed in accordance with the procedures and equations described below.

March, April,and May Link River Dam release
= Will_prop_cum
* Fill_rate_ratio_spring * (EWA_River - EWA reserve
— EWAuseddv_;) - C1_EXC_; - Net_LK_accrete_;

“Will_prop _cum” is yesterday’s flow volume in the Williamson River as a proportion of the
predicted Williamson River volume from today through September 30. Said another way, it is
yesterday’s Williamson River volume as a proportion of the expected volume to come.

“Fill_rate ratio_spring” is a proportion expressing the relative progress of filling UKL by May
31.

“EWA_River” is the EWA determined on the 1* of each month from March through June.

“EWA reserve” is the portion of the EWA reserved from use during the spring and subsequently
used June through September.

“EWAuseddv_;” is a cumulative variable beginning March 1 and adding the daily increment of
flow released as EWA.

“Cl1_EXC.,” is yesterday’s flood prevention releases.
“Net LK accrete_;” is yesterday’s net accretions between Link River Dam and Keno Dam.

Flow in the Williamson River is the primary hydrologic indicator used to calculate a release
target for Link River Dam during the spring. The initial calculated Link River Dam release
target is modified based on the (1) fill rate ratio for UKL, (2) volume of EWA reserved for
summer use, (3) spill from UKL for flood prevention, and (4) accretions to the Klamath River
between Link River Dam and IGD.

In all but extreme dry years, UKL is filling and continues to fill as the irrigation season begins,
even as distribution of water to the Project and to the Klamath River increases. The

Fill rate ratio_spring variable is designed to keep UKL on an appropriate trajectory to fill as
hydrologic conditions change during the spring. The Fill rate ratio_spring reduces Link River
Dam releases for EWA early in the irrigation season as UKL is filling. The influence of the
Fill rate ratio spring variable decreases steadily throughout the spring as UKL fills. Reducing
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releases somewhat on the ascending limb of the UKL hydrograph functions to increase releases
on the descending limb of the hydrograph, which coincides with the timing of more intensive
upper Klamath Basin non-Project agricultural diversions that likely influence Williamson River
flows in the spring/summer. Therefore, the Fill rate ratio spring simultaneously functions to
fill UKL and redistribute EWA releases to produce a more “normal-shaped” hydrograph in the
Klamath River later in the year.

During March through May, the EWA reserve volume is subtracted from EWA_River, to retain
the reserve volume for subsequent use during the summer. However, no water is reserved when
UKL is spilling, or when releases at Link River Dam are made to meet minimum target flows at
IGD.

June Link River Dam release

= Will_prop_cum * (EWA_River — 0.5

* EWA_reserve - EWAuseddv_;) - C1_EXC_; - Net_LK accrete_,
In June, UKL elevations are typically declining and the Fill rate ratio_spring variable is
dropped. The latter days of June also often mark the transition into the base flow period;
therefore, half of the EWA _reserve volume is subtracted from EWA_River instead of subtracting
the full volume.

July, August, and September Link River Dam release
EWA_remain_]ulSep)

= min (Link_release_forIGmax, -
daysinmonth

“IG_max” is the maximum flow target at IGD during July through September.

“Link release forlGmax” is the approximate release from Link River Dam necessary to produce
the “IG_max” flow at IGD.

“EWA_remain_JulSep" is the total remaining EWA for July through September.

During July through September, Link River Dam releases are the lesser of (1) the maximum IGD
flow target (Table 4.10), or (2) the average daily release for the remaining EWA volume. The
rationale for selecting the lesser of two options is that when IGD flow targets would be
exceeded, that water is not released, but is banked until October and November when it will have
greater ecosystem benefits.
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Table 4.10. July, August, and September Iron Gate Dam maximum flow targets.

E\(’Zi Z;)::tl)ne Tuly(efs) A(ll%;l)st Sep(tce;;;ber
320,000 1,000 (28.3 m*/sec) 1,050 (29.7 m*/sec) | 1,100 (31.2 m’/sec)
1,500,000 1,500 (42.5 m’/sec) 1,250 (35.4 m’/sec) | 1,350 (38.2 m’/sec)
> 1,500,000 1,500 (42.5 m’/sec) 1,250 (35.4 m’/sec) | 1,350 (38.2 m’/sec)

Intermediate values are obtained by linear interpolation

4.2.3.2.4 Flood Prevention and Environmental Water Account Management
Flood releases from Link River Dam occur any time UKL elevations exceed, or appear likely to
exceed, elevations that put UKL levees at risk of failure or being overtopped. During the
irrigation season, the majority of these releases occurs in March, April, and May in average to
wet years. However, flood prevention releases can occur later in the water year, and may also
occur in drier years under certain conditions such as rain on snow events. Flood prevention
releases in the spring/summer are counted against the EWA. In some cases, flood prevention
releases can be so large and account for such a high proportion of the total EWA that the
remaining EWA is not adequate to provide acceptable habitat in the Klamath River for listed
species for the remainder of the spring/summer season. To protect against this scenario, the
EWA is increased when flood prevention releases from Link River Dam exceed 22 percent of the
total EWA by June 1. The volume of remaining EWA each month is determined based on the
following:

1. If the total flood prevention releases that have occurred by June 1 exceed 22 percent of the
June 1 EWA calculation, the remaining EWA is reset to 25 percent of the total June 1 EWA.

2. If the total flood prevention releases that have occurred by July 1 exceed 22 percent of the
June 1 EWA calculation, the remaining EWA is reset to 18 percent of the total June | EWA.

3. [If the total flood prevention releases that have occurred by August 1 exceed 22 percent of the
June 1 EWA calculation, the remaining EWA is reset to 13 percent of the total June 1 EWA.

4. If the total flood prevention releases that have occurred by September 1 exceed 22 percent of
the June 1 EWA calculation, the remaining EWA is reset to 7 percent of the total June 1
EWA.

The formulaic approach for EWA distribution using Williamson River as a hydrologic indicator
is designed to consider and account for key ecological objectives for UKL and the Klamath
River. Although expected to be rare, there may be circumstances or emergency situations where
it is desirable or necessary to deviate from this approach. In addition, there may be specific
ecological objectives that water resource managers need to address that can only be achieved by
deviating from the EWA distribution methodology. Deviations are most likely to be alterations
in the magnitude or duration of flow to address urgent ecological concerns such as mitigating
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fish disease, die off, entrainment, dispersal, or migration. Water quality concerns or other
ecological issues that arise during spring/summer may also prompt deviation from the formulaic
distribution system. Any time a deviation from this approach is proposed, the process detailed in
Section 4.3.4 (Implementing Environmental Water Account Management) of Reclamation’s BA,
will be followed. As part of the Environmental Water Management process and protocol,
deviations from the formulaic approach to EWA distribution will be evaluated to ensure the
action will not result in effects to listed species greater than those analyzed in this BiOp.

During real-time operations of the proposed action, Reclamation may identify the need to deviate
from the formulaic calculation of IGD releases due to safety or operational constraints. If the
deviation under real-time operations is expected to result in lower magnitude peak flows below
IGD than calculated under the proposed action, Reclamation will ensure that the calculated daily
average peak flow magnitude is achieved. If there is uncertainty associated with the daily peak
flow magnitude at IGD, Reclamation will implement flows that are reasonably certain to exceed
the calculated peak flow at IGD under the proposed action (Reclamation 2013b).

Upon conclusion of a peak flow event, Reclamation will evaluate whether deviating from the
formulaic calculations resulted in the release of additional water from UKL to achieve the
calculated peak flow at IGD. If additional water is released from UKL in the October through
February period to achieve a calculated peak flow at IGD (resulting in a lower end of February
UKL elevation), the March 1st UKL Supply will be calculated as if the additional volume of
water remained in UKL, and this volume of water will be subtracted from the Project Supply. If
additional water is released from UKL to achieve a calculated peak flow at IGD in the March
through September period, the additional volume of water released will be counted against the
Project Supply. However, if the additional water release occurs prior to June 1st, and the UKL
Supply recalculation increases on May st or June 1st, the Project Supply will increase
accordingly up to the amount of the additional water release, prior to increasing the EWA
(Reclamation 2013Db).

4.2.3.2.5 Yurok Tribal Boat Dance Ceremony
As a deviation from the EWA implementation, Reclamation proposes to increase flows to the
Klamath River in late August or early September to support the Yurok Tribal Boat Dance
Ceremony. Typically, the Yurok Tribe has requested increased flows at IGD on even calendar
years to ensure adequate flow and depth to support boat dance activities. The volume of water
required for the ceremony is estimated to be between 2,000 and 4,000 acre-feet depending on
real-time hydrologic conditions. The volume of water required to increase IGD releases for the
purpose of the boat dance ceremonies will not affect the EWA volume.

4.2.3.2.6 Project Supply
The Project Supply is calculated monthly from March through June, based on available UKL
Supply as follows:

Project Supply = [UKL Supply] — [EWA]

The Project Supply can increase or decrease in April relative to the initial calculation on March 1
based on changes to available UKL Supply; however, the April 1 calculation establishes the
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minimum Project Supply for the water year. The May and June updates accommodate the
change in forecast and observed UKL net inflows by adjusting the EWA and UKL Reserve
volumes. The Project Supply also may be adjusted in May and June, but the adjustments may
not reduce the Project Supply below the volume calculated on April 1. The June Project Supply
calculation is the final Project Supply determination of the water year, and is the volume of water
available for delivery to the west side of the Project and Lower Klamath NWR from UKL. The
real-time distribution of the Project Supply will be based on current hydrologic conditions.

In extreme dry years, the UKL Supply may decline after April even as the EWA is at its
minimum of 320,000 acre-feet. This occurred once in the POR, based on the model study. If
this scenario occurs during the life of this proposed action, the Project Supply will remain at the
volume calculated in April, and the decline in supply will come out of UKL. If it appears the
reduction in storage will result in the UKL elevation approaching the lowest modeled one-day
elevation (4,137.72 feet [1,261.5 meters]), Reclamation will adjust deliveries to the Project to
prevent the UKL elevation from dropping below 4,137.72 feet (1,261.5 meters).

As described in Reclamation’s clarification letter dated May 29, 2013, NMFS suggested the
proposed minimum Klamath River flows for the months of April, May, and June would pose
unacceptable risk to coho salmon and its designated critical habitat. To reduce this risk,
Reclamation proposed to revise the minimum daily average flows at the U.S. Geological Survey
gage no. 11516530, Klamath River below IGD, to 1,325 cfs, 1,175 cfs, and 1,025 cfs for April,
May, and June, respectively. In some years, a larger EWA volume is required to maintain the
revised minimum daily average flows at IGD during April, May, and June than currently
described in Reclamation’s BA. As a result, Reclamation reviewed the model results with the
revised IGD minimum daily flows to assess the effects to UKL elevations. Reclamation found
that the increased releases at Link River Dam to meet the revised minimum daily average flows
at IGD affected UKL elevations in some years. Reclamation proposes to delay the start of
Project irrigation deliveries from UKL or limit discretionary diversions from the lake by an
amount equal to the increased releases at Link River Dam to avoid impacting UKL elevations
and ESA-listed suckers beyond those described in Reclamation’s BA (Reclamation 2013b).

The Project Supply, as defined, does not include contributing flow from the Lost River system.
Therefore, any flows (primarily return flows in the west side of the Project) originating from the
Lost River system that are diverted for irrigation do not count against the Project Supply from
UKL. Flows from the Lost River diverted by the Project will be evaluated on a daily basis and
subtracted from the total Project diversion to compute the daily Project Supply use. Any portion
of contributing flows from the Lost River system not used for Project purposes will be routed to
the Klamath River and considered part of the Keno Reservoir accretions, which do not count
against the EWA.

Historical Project deliveries from UKL and Lost River return flows were analyzed by
Reclamation for the POR. The analysis indicates a Project Supply of 390,000 acre-feet plus
return flows from the Lost River system always exceeded the historical irrigation demand.
Therefore, a Project Supply of 390,000 acre-feet from UKL is a full irrigation supply for the
Project when combined with Lost River return flows. The Project Supply is capped at 390,000
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acre-feet when the Project Supply calculation results in values greater than 390,000 acre-feet,
based on model simulations conducted during development of the proposed action.

Graphical representations of the relationship modeled between EWA, Project Supply, and UKL
Reserve, based on the UKL supply, are presented in Figure 4.1 and Figure 4.2.

Figure 4.1. Modeled EWA and Project Supply, based on UKL supply (Reclamation 2012).
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Figure 4.2. Modeled UKL Reserve, EWA, and Project Supply based on available UKL water supply
(Reclamation 2012).

4.2.3.2.7 Lower Klamath National Wildlife Refuge Supply
Lower Klamath National Wildlife Refuge receives water from the Klamath River via Ady Canal
and from Tule Lake Sump 1A via Pumping Plant D. The pattern of deliveries to Lower Klamath
NWR has changed in recent years because of substantial increases in power costs associated with
pumping at Plant D. The cost increases have caused Tulelake Irrigation District to minimize
pumping through Plant D, requiring Lower Klamath NWR to become increasingly dependent on
water from the Klamath River. In the context of this proposed action, Lower Klamath NWR
deliveries refer only to water provided from the Klamath River through Ady Canal.

Water for Lower Klamath NWR may be delivered by two methods during the spring/summer.
The first method provides non-Project Supply and non-EWA water out of Keno Reservoir
accretions or UKL storage. The second method uses excess Project Supply, if there is an excess.
Lower Klamath NWR deliveries are contingent upon available water supply, and deliveries are
not made when Project Supply shortages exist.

The KBPM delivers water that is not part of the Project Supply to Lower Klamath NWR from
June through November when the Project Supply is 390,000 acre-feet and the elevation of UKL
exceeds the threshold values listed in Table 4.11. Lower Klamath NWR may receive up to the
maximum potential delivery volume (developed by Reclamation, based on historical data) shown
in Table 4.11. The comparison to threshold elevations is made daily; therefore, water is
delivered to Lower Klamath NWR daily on a prorated basis for each monthly maximum
potential delivery target.
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Table 4.11. Monthly maximum Lower Klamath NWR delivery and Upper Klamath Lake elevation

thresholds.
Maximum Potential Delivery Upper Klamath Lake Threshold

Month (acre-feet) ft (m)
June 5,940 4,142.50 (1,262.63)
July 6,930 4,141.50 (1,262.33)
August 5,904 4,140.50 (1,262.02)
September 17,160 4,139.50 (1,261.72)
October 15,180 4,139.00 (1,261.57)
November 11,530 4,139.50 (1,261.72)

Water that is part of the Project Supply may be provided to the Lower Klamath NWR from
August through November if Reclamation determines the Project is not expected to use its entire
supply. If the Project Supply is less than 390,000 acre-feet, or the UKL elevation is less than the
thresholds shown in Table 4.11, water may be only delivered to the Lower Klamath NWR based
on a percentage of the remaining Project Supply. The percentages range up to 8 percent of
remaining Project Supply in August, 14 percent in September, and 28 percent in October and
November.

4.2.3.2.8 Summary of Select Model Output
Output for a variety of parameters for UKL and flows at IGD is provided in Table 4.12. Tables
of weekly UKL elevations and weekly average flow in the Klamath River below Link River
Dam, Keno Dam, and Iron Gate Dam are included in Appendix B. Substantial additional output
regarding the proposed action is presented in Reclamation’s final BA (Reclamation 2012).

Table 4.12. Proposed action model summary output results.

Total LKNWR
Project Supply from Total Project Deliveries by
June 1 EWA End of UKL (Mar-Nov Deliveries from Water Year
Volume (acre- | September UKL Determined June 1) UKL (Mar— (Oct—Sept)
Year feet) Elevation (feet) (acre-feet) Nov) (acre-feet (acre-feet)
4,138.23
1981 419,200 (1261.33 m) 353,500 349,400 4,200
4,140.36
1982 824,300 (1,261.98 m) 390,000 289,500 40,100
4,140.26
1983 1,100,200 (1.261.95 m) 390,000 280,400 64,700
4,140.57
1984 974,800 (1,262.05 m) 390,000 300,800 72,600
4,140.06
1985 631,800 (1.261.89 m) 390,000 352,000 68,000
1986 744,800 4,139.76 390,000 354,600 45,100
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(1,261.80 m)

1987 443,100 (13297; lm) 365,600 364,100 21,200
1988 411,700 (15‘2’285491(111) 337,000 329,200 9,400
1989 845,500 (12585(7)11) 390,000 351,300 28,900
1990 385,800 (15‘2’2.9’7.§2m) 322,800 321,900 15,200
1991 320,000 (lgé?%gsm) 281,900 274,500 100

1992 320,000 (15‘2’2’72?11) 161,300 146,600 200

1993 701,800 (132972(;1) 390,000 328,200 34,900
1994 320,000 (15‘2,2834216111) 263,300 249,400 24,800
1995 622,500 (132963 lm) 390,000 306,600 34,400
1996 734,700 (15‘2,29627111) 390,000 348,300 53,200
1997 573,200 (1359729@ 390,000 380,100 61,900
1998 929,900 (15‘2’5%23111) 390,000 282,700 56,800
1999 900,200 (13297;(;) 390,000 369,300 57,000
2000 643,000 (15‘2,29626111) 390,000 371,200 42,500
2001 363,800 (1338327@ 310,100 305,200 12,700
2002 428,700 (15‘2’583;(;1) 373,700 371,700 5,800
2003 442,900 (135%136@ 353,400 339,900 3,300
2004 430,800 (15‘2,5%145111) 372,500 369,000 3,900
2005 393,000 (lgé?%ism) 326,800 319,100 5,800
2006 819,000 (15‘2’595(7)(;1) 390,000 342,200 27,300
2007 496,000 (13é?85§6m) 379,400 374,400 26,800
2008 549,100 (15‘2’5’85(7)8;) 390,000 347,400 20,400
2009 465,100 (13385;;‘;) 364,700 352,600 22,200
2010 345,900 (15‘2’5’85231@ 303,600 296,700 3,700
2011 745,300 (13396?(;) 390,000 310,200 34,000
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4.2.4 Ramp-Down Rates at Iron Gate Dam
Ramping rates on the receding limb of a hydrograph limit the rate at which flow declines
following a higher flow rate or large volume release. Reclamation proposes a ramp down rate
schedule at IGD that varies by flow magnitude. IGD is owned and operated by PacifiCorp, and
ramp down rates will be implemented by PacifiCorp as part of IGD operations. Reclamation will
coordinate with PacifiCorp, as appropriate, on implementation of the ramp down rates.
Reclamation proposes the following ramp down rates at IGD:

e Flow at IGD greater than 3,000 cfs (85.0 m*/sec): Ramp down rates will follow the
combined 3-day moving average of net inflows into UKL and accretions between Link River
Dam and IGD. The ramp down rates will be implemented to the extent practicable, based on
physical constraints at PacifiCorp facilities and safety of workers and the public. The 3-day
moving average allows for ramp rates to mimic natural hydrology while mitigating extreme
variability that can occur with daily changes in net inflow calculations due to gage error
and/or high wind events. The ramp down rate schedule also ensures UKL is not drawn down
to accommodate rapid, transient declines in inflow and/or accretions lasting less than one
day. Reclamation calculates inflow to UKL on a daily basis. In the event of gage failure or
instability caused by weather conditions, Reclamation will use professional judgment to
estimate changes in net inflow.

e Flow at IGD between 1,751 cfs and 3,000 cfs (49.6 and 85.0 m*/sec): Decreases in flow of
300 cfs (8.5 m’/sec) or less per 24-hour period, and no greater than 125 cfs (88.5 m?/sec) per
4-hour period.

e Flow at IGD less than or equal to 1,750 cfs (49.6 m*/sec): Decreases in flow of 150 cfs (4.3
m’/sec) or less per 24-hour period, and no more than 50 cfs (1.4 m*/sec) per 2-hour period.

PacifiCorp’s hydroelectric operations limit the ability to manage changes in releases from IGD at
a fine resolution, particularly when flow is greater than 3,000 cfs (85.0 m*/sec). In addition,
facility control emergencies may arise that warrant the exceedance of the proposed ramp down
rates. Therefore, Reclamation recognizes that minor variations in ramp rates will occur. All
ramping rates proposed above are targets, and are not intended to be strict maximum ramping
rates. Reclamation expects substantial exceedance of the proposed ramp rates to occur
infrequently as a result of facility control limitations or other emergency situations.

4.2.5 Tule Lake Sump 1A Operations
Tule Lake Sump 1A (Tule Lake) receives water from Project facilities. A specific volume of
water is not earmarked for delivery to Tule Lake because historically it has received an adequate
supply from agricultural runoff and drainage. Excess water in Tule Lake is controlled by
pumping to the Lower Klamath NWR through Pumping Plant D.
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The proposed minimum elevations for Tule Lake are shown in Table 4.13. The availability of
water and Tulelake Irrigation District return flows determine the amount of water available for
Tule Lake in any one year.

Table 4.13. Proposed minimum Tule Lake Sump 1A elevations (Reclamation datum).

Time Period Proposed Minimum Elevation
April 1 through September 30 4,034.60 ft (1,229.75 m)
October 1 through March 31 4,034.00 ft (1,229.56 m)

If the Project receives deliveries, then Reclamation will maintain these minimums in Sump 1A.

4.2.6 Environmental Water Account Management
The broad operational priorities for the Upper Klamath Basin are: (1) ESA compliance, (2)
meeting contractual obligations to Klamath Project irrigators, and (3) providing water to the
Lower Klamath NWR when ESA and contractual obligations have been met. These operational
priorities mandate active water management throughout the year in accordance with the
operational descriptions above. Specific EWA management is a critical element of the overall
water management mandates. EWA management must meet or exceed IGD target flows, meet
or exceed UKL recommended elevations, and provide flow variability in the Klamath River and
variability in UKL levels that mimic the natural flow regime and are representative of hydrologic
conditions.

The purpose of Environmental Water Management is to effectively and efficiently use a broad
range of technical expertise to implement EWA use under the coordination of a EWA Manager
(Manager). Water management is proposed to meet ecological objectives for coho salmon (and
other species) in the Klamath River while considering the ecological needs of listed suckers in
UKL.

The Manager will coordinate with a Flow Account Scheduling Technical Advisory (FASTA)
Team to integrate and synthesize technical recommendations from the FASTA Team members.
The primary role of the Manager is to coordinate with the FASTA Team to determine how to
manage and optimize the EWA in real-time operations to best meet the needs of coho salmon in
the Klamath River while balancing the needs of listed suckers in UKL. The Manager also will
coordinate with PacifiCorp regarding required flows at Link River Dam and IGD. The Manager
will be employed by Reclamation, and is responsible for providing information and
recommendations to Reclamation’s Klamath Basin Area Manager.

4.2.6.1 EWA Management Process

The Manager and FASTA Team will use January and February NRCS 50 percent exceedance
forecasts for UKL net inflow and other relevant hydrologic and meteorological data to evaluate
probable EWA volumes and distribution for the spring/summer. As the irrigation season
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progresses and EWA volumes are updated between March and June, the Manager and FASTA
Team will track distribution of EWA in conjunction with UKL elevations and Project Supply use
in accordance with the operational procedures described in Section 4.2.3.

Under certain circumstances, deviating from the EWA formulaic distribution may be desirable or
necessary. Although expected to be rare, there may be circumstances, such as high disease rates
or dangerously high water temperatures in the Klamath River below IGD, or flooding from rain-
on-snow events causing emergency situations for UKL infrastructure, where it is desirable or
necessary to deviate from the formulaic EWA distribution approach. In addition, there may be
specific ecological objectives that water resource managers need to address that can only be
achieved by deviating from the EWA distribution methodology. Deviations are most likely to be
alterations in the magnitude or duration of flow to address urgent ecological concerns, such as
mitigating fish disease, die off, entrainment, dispersal, or migration. Water quality concerns or
other ecological issues that arise during spring/summer may also prompt deviation from the
formulaic EWA distribution system.

Any time a deviation from the formulaic approach is proposed, the process detailed in Section
4.3.4 (Implementing Environmental Water Account Management) of Reclamation’s BA will be
followed. Any recommended deviation from the EWA distribution methodology must be shown
to result in improved ecological conditions for listed species, and cannot cause an adverse effect
to listed species or critical habitat that was not considered by the USFWS and the NMFS for this
proposed action. There are many factors to be considered when developing EWA distribution
regimes that deviate from the formulaic approach. Reclamation is coordinating with
stakeholders to develop Flow Scheduling Guidelines that will provide guidance for
implementing EWA Management to optimize the ecological benefits to aquatic species.
Reclamation proposes to develop and adopt the Flow Scheduling Guidelines and formal structure
for EWA management in coordination with the NMFS, the USFWS, and appropriate
stakeholders within 1 year of implementing the proposed action.

Meanwhile, Reclamation proposes the following process for deviating from the formulaic
distribution of the EWA for the evaluation of near real-time data on disease risks to coho salmon.
The process will be included as a key objective in the Flow Scheduling Guidelines document for
consideration by the Flow Account Scheduling Technical Advisory (FASTA) Team, described in
Section 4.3.4 of Reclamation’s BA. In the event that disease risks are at or above threshold
levels and EWA volumes indicate surplus water is available, Reclamation will deviate from the
formulaic distribution of EWA and increase Link River releases to reduce actinospore
concentrations downstream of IGD.

Specifically, Reclamation will:

(1) Continue the ongoing water quality program collecting mainstem Klamath River
water samples of actinospore concentrations and laboratory analyses will continue
through the action period. Reclamation, in coordination with NMFS and disease
researchers, will evaluate the program efficiency and determine if there are opportunities
to accelerate the timeline to evaluate water quality samples such that Reclamation and
NMEFS will receive as near as real-time results on actinospore concentration as feasible.
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Subject to available funding, Reclamation will also support efforts to create efficiencies
to the water quality program;

(2) propose a flow increase for the Klamath River downstream of IGD to the FASTA
Team, in coordination with NMFS and the USFWS, to dilute actinospore concentrations
within 24 hours of receiving information that disease thresholds have been met.
Currently, the disease thresholds for the mainstem Klamath River immediately upstream
of Beaver Creek consist of actinospore concentrations of at least 5 spores/L of genotype
IT and an average daily water temperature of at least 16 °C. The magnitude and duration
of the flow increase will be developed with consideration to (a) an effective dilution
factor, (b) surplus EWA volume, and (c) potential effects to UKL and ESA-listed
suckers. Within 24 hours of consultation with the FASTA Team, Reclamation will
implement the flow increase at Link River, if appropriate based on discussions between
FASTA and the Services; and

(3) coordinate with the Services and disease researchers to update the thresholds listed
above in item 2 as new disease-related information becomes available.

A deviation from the formulaic distribution of EWA could result in short term effects to UKL
elevations, but will not result in changes to the end of September UKL elevation as no increase
to EWA will occur as a result of this change in EWA distribution. In the event that a deviation
from the formulaic distribution of EWA is expected to result in effects to UKL elevations, the
FASTA Team will closely coordinate closely with the USFWS to ensure that the deviation will
not create adverse effects greater than analyzed by USFWS during this consultation.

4.2.6.2 EWA, Project Supply, and Refuge Water Accounting

The Manager will perform weekly in-season accounting and reporting of EWA usage as well as

remaining EWA, Project deliveries, remaining Project Supply, UKL elevation, refuge deliveries,
and remaining refuge allotment. This weekly accounting will track EWA usage and ensure that

the EWA is used according to the EWA distribution formula. Also, the weekly accounting may

identify if too much EWA water is being used early in the season, which may result in an EWA

shortage and low IGD base flows late in the season.

4.3 Element Three
Perform the operation and maintenance activities necessary to maintain Klamath
Project facilities to ensure proper long-term function and operation.

Operation and maintenance (O&M) activities related to the proposed action are described in this
section. These activities have been ongoing during the history of the Project, and have been
implicitly included in previous consultations with the USFWS on Project operations. No new
O&M activities are proposed; rather, ongoing activities are described to provide a more complete
understanding of Project maintenance activities so the potential effects of these activities on
listed species can be analyzed. Reclamation has attempted to include the activities necessary to
maintain Project facilities and ensure proper long-term functioning and operation. Reclamation
recognizes this is not an exhaustive list and there may be items omitted inadvertently. However,
Reclamation believes that if any activities were omitted, they are similar in scope and will not
cause an effect to listed species or critical habitat outside the effects analyzed for the activities
described herein.
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O&M activities are carried out either by Reclamation or the appropriate irrigation district, based
on whether the facility is a reserved or transferred work, respectively. Operation of non-Federal
facilities by non-Federal parties is not included as part of this proposed action.

4.3.1 Dams and Reservoirs

4.3.1.1 Exercising of Dam Gates

The gates at Gerber, Clear Lake, Link River, and Lost River Diversion Dams, and the A Canal,
Ady Canal, and Link River Dam headgates are exercised twice annually, before and after each
irrigation season, to be sure they operate properly. The gates are usually exercised between
March 1 to April 15, and October 15 to November 30, and potentially in conjunction with any
emergency or unscheduled repairs. Exercising gates takes from 10 to 30 minutes depending on
the facility. Associated maintenance activities performed when exercising gates at specific
facilities are as follows:

1. Link River Dam is operated by PacifiCorp, and scheduled exercising of the gates does not
occur because the dam is operated continuously. As such, gates are considered exercised
whenever full travel of the gates is achieved. A review of O&M inspection is performed
every 6 years.

2. Clear Lake Dam activities include exercising both the emergency gate and the operation gate.
Depending on reservoir elevations and conditions, water may be discharged to allow for
sediment flushing at the dam face. Flushing requires flows less than or equal to 200 cfs (5.7
m’/sec) for approximately 30 minutes. Maintenance occurs once a year, generally in March
or April.

4.3.1.2 Dam Facilities

Dam conduits associated with irrigation facilities typically have an average lifespan of 30 years,
and are replaced on an as-needed basis. O&M activities include land-based observation and
deployment of divers to determine if replacement is necessary. Divers are deployed at Clear
Lake, Gerber Reservoir, and Link River Dam every 6 years prior to the Comprehensive Facilities
Review for inspection of underwater facilities. If replacement is necessary, Reclamation will
evaluate the potential effects to federally listed species and determine if additional ESA
consultation is required.

Design Operation Criteria, which outlines O&M guidelines for facilities maintenance, is required
at Link River Dam, Clear Lake Dam, Gerber Dam, and the Lost River Diversion Channel gates.
The Design Operation Criteria is used to develop Standard Operating Procedures for
Reclamation facilities. The Standard Operating Procedures outline the maintenance procedures,
requirements, and schedule. The activities address the structural, mechanical, and electrical
concerns at each facility. Some of the components of facilities that require maintenance are
typically reviewed outside of the irrigation season and include, but are not limited to, the
following:
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e Trash racks—Maintained when necessary. Trash racks are cleaned and debris removed daily
or as needed. Maintenance is specific to each pump, as individual pumps may or may not
run year round. Cleaning can take from 1 to 8 hours.

e Concrete repair occurs frequently and as needed. The time necessary to complete repairs to
concrete depends on the size and type of repair needed.

e (Gate removal and repair or replacement is conducted as needed. Inspections of gates occur
during the dive inspection prior to the Comprehensive Facilities Review every 6 years. Gates
are visually monitored on a continuous basis.

4.3.1.3 Gage and Stilling Well Maintenance

Gage maintenance is required at various project facilities to ensure accurate measurement of
flow. Gage maintenance generally includes sediment removal from the stilling well, replacement
of faulty equipment, modification, and/or relocation of structural components, and/or full
replacement of the structure, as necessary. Reclamation estimates that one structure is replaced
every 5 to 10 years. Stilling wells are cleaned once a year during the irrigation season.

4.3.1.4 Boat Ramps

Boat ramps and associated access areas at all reservoirs are maintained, as necessary, to provide
access to Project facilities throughout the year. Gravel boat ramps are maintained on an
approximately 5-year cycle. Concrete boat ramps are maintained on an approximately 10-year
cycle. Maintenance may include grading, geotextile fabric placement, and gravel augmentation,
or concrete placement.

4.3.1.5 Canals, Laterals, and Drains

An inspection of canals, laterals, and drains occurs on an annual basis, or as needed. All canals,
laterals, and drains are either dewatered after the irrigation season or have the water lowered for
inspection and maintenance every 6 years as required as part of the review of O&M. More
frequent maintenance is on a case-by-case basis, as needed. Inspection includes examining the
abutments, foundations, other concrete, mechanical facilities, pipes, and gates.

Historically, dewatering of canals, laterals, and drains has included biological monitoring and
salvage of listed species, as needed. This practice will continue under the proposed action.

Canals, laterals, and drains are also cleaned to remove debris, sediment, and vegetation on a
timeline ranging from annually to every 20 years. Animal burrows that may affect operations or
facility structures are dug out, then refilled and compacted. Trees that may affect operations or
facility structures, or present a safety hazard, are removed and the ground returned to as close to
previous conditions as practicable.

All gates, valves, and equipment associated with the facilities are exercised once or twice
annually, before and/or after the irrigation season. Pipes located on dams or in reservoirs have
an average lifespan of 30 years, and are replaced when needed. Reclamation replaces
approximately 10 sections of pipe a year, and prefers to perform this activity when canals are
dry. Associated maintenance activities performed when exercising gates at specific canals are
described as follows:
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1. The A Canal has six headgates that are maintained. The A Canal headgates are only
operated and exercised when fish screens are in place. However, if the fish screens fail,
the A Canal will remain operational until the screen is repaired or replaced. Screen
failure occurs under certain circumstances, such as when water pressure is too high, and
the screens break away so as not to ruin the screen or other infrastructure. Fish screens
typically fail once or twice a year during normal operation, and Klamath Irrigation
District is notified by means of an alarm. Fish screens are repaired as quickly as
practicable.

2. The A Canal headgates are typically exercised in February or March, and in October or
November when bulkheads are in place and the A Canal is drained and empty.

3. The Lost River Diversion Channel diagonal gates and banks are scheduled for inspection
every 6 years. Inspection is conducted during the winter, which requires drawdown of
the Lost River Diversion Channel. However, drawdown of the Lost River Diversion
Channel leaves sufficient water to ensure that fish are not stranded. The appropriate
water levels are coordinated between O&M staff and Reclamation fish biologists.
Biological monitoring is incorporated to ensure flows are adequate for fish protection.

4. The Ady Canal headgates are exercised annually, typically between July and the end of
September.

4.3.1.6 Fish Screen Maintenance

The A Canal fish screens have automatic cleaners. Cleaning is triggered by timing or a head
difference on either side of the screen. Automatic cleaner timing intervals are typically set at 12
hours, but may be changed as conditions warrant.

Fish screens at the Clear Lake headworks are cleaned before the irrigation season and when 6 to
12 inches (in) (15 to 30 centimeters (cm)) of head differential between forebays 1 and 2 is
observed. The frequency of cleaning is dictated by water quality and lake elevation, and varies
from year to year. For example, in 2009 the screen was cleaned every other day from late June
through September. In 2011 cleaning was not required during the irrigation season. An extra set
of fish screens is used while the working fish screens are cleaned to prevent fish passing the
headworks. Cleaning the fish screens at Clear Lake may take up to 10 hours. Fish screens are
not used during flood releases when Clear Lake elevations are greater than or equal to 4,543.00 ft
(1,384.71 m), but the maximum lake elevation observed during the POR for this water body
(4,539.55) is nearly 3.5 feet (1.1 m) below this elevation.

4.3.1.7 Fish Ladder Maintenance

Link River Dam fish ladder O&M includes exercising both the headgate and the attraction flow
gate. Gates are exercised twice a year in February or March and in November or December.
Exercising the gates typically takes approximately 15 minutes. This activity includes monitoring
by Reclamation biologists.
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4.3.1.8 Pumping Facilities

All pumping plants are monitored yearly by visual inspection. Dive inspections occur every 6
years according to the review of O&M inspection. This activity includes dewatering of the
adjacent facility and installation of coffer dams. Dive inspections and dewatering of the facilities
typically occurs in August to December. Biological monitoring occurs daily during dewatering,
and will be continued in this proposed action to ensure the protection of fish.

All pumps are greased, cleaned, exercised, and oil levels checked monthly if they are not in
regular use. Pumps are greased and oiled according to the manufacturer’s specifications. Excess
grease and oil is removed. When oil is changed, oil spill kits are available and used as necessary.
Pumps used for irrigation are maintained daily during the irrigation season. Drainage pumps are
maintained and operated on a daily basis throughout the year.

4.4 Conservation Measures

Conservation measures are actions to benefit or promote the recovery of listed species that are
included by Reclamation as an integral part of the proposed action. These actions will be taken
by Reclamation, and serve to minimize or compensate for project effects on the species under
review. These may include actions taken prior to initiation of consultation, or actions that
Reclamation has committed to complete in a BA or similar document. The proposed
conservation measures assist Reclamation in best meeting the requirements under section 7 of
ESA by (1) utilizing programs in furtherance of the purposes of the ESA, and (2) avoiding
actions that are likely to jeopardize the continued existence of listed species or are likely to result
in the destruction or adverse modification of critical habitat.

4.4.1 Canal Salvage
Canals, laterals, and drains are dewatered at the end of irrigation season. This activity includes
capture and relocation (salvage) of suckers from the canal system after dewatering occurs.
Reclamation proposes to continue fish salvage in Project canals, in cooperation with the
USFWS, consistent with the salvage efforts that have occurred in Project canals since 2005.
Reclamation’s fish salvage efforts will focus on the A Canal forebay in front of the fish screen,
C4 Canal, D1 Canal, and D3 Canal within the Klamath Irrigation District, and J Canal within the
Tulelake Irrigation District. Other locations proposed by the USFWS will be considered on a
case-by-case basis. Reclamation may also research alternative methods of dewatering canals,
laterals, and drains, which could result in less sucker presence within these facilities at the end of
the irrigation season. Should Reclamation determine, based on this research, that fish salvage at
specific locations is no longer needed or can be modified, Reclamation will coordinate with the
USFWS for concurrence.

4.4.2 Captive Propagation Program
Between 2000 and 2012, Reclamation supported various conservation measures within the upper
Klamath Basin that have resulted in significant improvements to the environmental baseline (see
section 7 below), including screening the A Canal and Geary Canal, removing Chiloquin Dam,
providing fish passage at Link River Dam, increasing habitat at the Williamson River Delta
Preserve, and seasonally salvaging suckers from canals. However, there are few, if any,
additional practicable options for reducing incidental take of suckers by the Project.
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Therefore, Reclamation proposes to support captive propagation of the LRS and the SNS for the
purpose of increasing the number of second-year juvenile suckers that reach maturity in UKL.
Based on the Services’ Policy regarding controlled propagation of species listed under the ESA,
captive propagation includes “natural or artificial mattings, fertilization of sex cells, transfer of
embryos, development of offspring, and grow-out of individuals of the species when the species
is intentionally confined or the mating is directly intended by human intervention” (65 FR
56916-56919; September 20, 2000). Ultimately, the function of captive propagation would be to
promote survival and recovery of wild sucker populations that suffer losses as a result of Project
actions or other threats. Captive propagation is an important part of recovery efforts for listed
fish nationwide, including at least three sucker species (June sucker [ Chasmistes liorus],
razorback sucker [Xyrauchen texanus], and robust redhorse sucker [Moxostoma robustum)).

The USFWS has implemented pilot studies in raising the LRS and the SNS. Sucker larvae were
collected from Keno Reservoir and the Williamson River and successfully reared in a series of
tanks and holding ponds for approximately 1 year. Based on these studies, several aspects of the
LRS and the SNS captive propagation have been assessed and shown to be practicable, including
rearing from eggs taken from wild-caught brood stock, rearing from wild-caught larvae, and
rearing from wild-caught juveniles salvaged from Project canals. These efforts show that captive
propagation of the LRS and the SNS is feasible and flexible, and could be implemented in a
variety of ways.

Specifically, Reclamation proposes to provide approximately $800,000 to the USFWS to support
captive propagation in fiscal year 2013. Then annually, starting in fiscal year 2014, Reclamation
proposes to provide $300,000 to the USFWS to support the captive propagation program.
Reclamation’s support of the captive propagation program would be for the term of this proposed
action (May 31, 2013, through March 31, 2023). These funds will provide for the development
of specific captive propagation plans, related research to support effective rearing of the LRS and
the SNS, and implementation of efforts to rear and release individuals. Oversight of the
propagation project will be provided by the USFWS with input from the Klamath Sucker
Recovery Program, in coordination with Reclamation. The program is intended to have a
positive effect on the populations of the LRS and the SNS. However, monitoring will determine
the actual effectiveness duration of the program. This determination would be made through
coordination between Reclamation and the USFWS, where alternative methods of meeting the
goals and intent of this conservation measure may be identified.

4.4.3 Recovery Implementation Team Support
The 2013 Revised Recovery Plan for the LRS and the SNS (Plan) outlines a strategy for a
Recovery Program (USFWS 2013). This Program will be a coordinated effort among federal,
state, tribal, academic, non-profit organizations and other stakeholders that have resources that
will be contributed towards recovery actions. The Recovery Program will be administered and
implemented through a USFWS led Recovery Implementation Team (RIT) and this team will
help ensure that resources available for recovery are used in an effective and efficient manner.
The USFWS intends to establish the RIT in 2013 by formally appointing the members. The
focus of the RIT will be to develop, review, prioritize, and make recommendations for
implementing actions within the context of the Plan. Although the RIT’s primary focus will be
implementation of the Plan, it is anticipated that the RIT will also serve the purpose of promoting
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better coordination and collaboration on sucker related activities that are not specifically
identified in the Plan, such as requirements of ESA consultations.

Beginning in 2013, Reclamation intends to work with the USFWS toward achieving the goals
and objectives of the Plan, which would include dedication of resources determined in
coordination between Reclamation and the USFWS and participation on the RIT.

4.4.4 Capture and Transport of LRS and SNS in Lake Ewauna to UKL
Reclamation proposes to coordinate with the USFWS immediately upon receipt of the BiOp to
develop a plan to implement a 3-year effort to capture LRS and SNS in Lake Ewauna and release
them into UKL. The plan components would include, but are not limited to, timing of efforts,
techniques, release locations and associated monitoring efforts, and contingency plans in the case
of mortality and would not be implemented until approved by the USFWS. Subsequent years of
effort may be needed depending on the number of suckers caught and a determination of the
effectiveness of the effort. This determination will be made by the USFWS in coordination with
Reclamation.

4.4.5 Investigation of Reduction of Flows at Link River Dam
Reclamation proposes to work with the USFWS, PacifiCorp, and the EWA manager to
investigate a reduction of flows at Link River Dam (e.g., investigating the timing and volume
and flows, utilizing Tammy Wood’s model to predict larval arrival, using real-time data from
Fish Evaluation Station [FES] monitoring to index densities of young suckers, etc.) to determine
if there are feasible management options to minimize effects of entrainment at Link River Dam
on larvae and juvenile LRS and SNS at key times when peak numbers of larvae and/or juvenile
are present at the south end of UKL. This conservation measure is not a study or research
proposal, but rather an investigation into a water management strategy which will minimize take
of the LRS and SNS and Link River Dam. Reclamation will coordinate with the USFWS to
develop the methodology for investigating water management strategies related to reducing
flows at Link River Dam and obtain approval from the USFWS before implementing this water
management strategy.

4.4.6 Klamath River Restoration
In recent years Reclamation has funded efforts to conserve and protect SONCC coho salmon and
other anadromous salmonids in the Klamath River Basin. Reclamation provided funding at
various levels from 2004 through 2010 under the Klamath Basin Restoration Program (formerly
known as the Conservation Implementation Program). Reclamation recognizes there are adverse
effects associated with Reclamation’s proposed action on the SONCC coho salmon ESU and its
designated critical habitat. In an effort to minimize the adverse effects of the proposed action,
Reclamation proposes to provide $500,000 annually, subject to the availability of future funding
and annual appropriations (Reclamation 2013b) over the period of this proposed action (May
2013 through March 2023), to support restoration activities for SONCC coho salmon and its
critical habitat. Restoration will be focused on activities that provide benefits to SONCC coho
salmon and their designated critical habitat in the Klamath River Basin that are most likely to be
affected by Reclamation’s proposed action. The function of such restoration activities will be to
promote survival and recovery of the SONCC coho salmon that are adversely affected as a result
of the proposed action. Upon receipt of a final BiOp from the NMFS, Reclamation will
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coordinate with the NMFS to develop a practical approach for administering the SONCC coho
conservation program funds.

Habitat restoration projects funded by Reclamation will be designed and implemented consistent
with techniques and minimization measures presented in California Department of Fish and
Wildlife’s (CDFW) California Salmonid Stream Habitat Restoration Manual, Fourth Edition,
Volume II (Part IX: Fish Passage Evaluation at Stream Crossings, Part XI: Riparian Habitat
Restoration, and Part XII: Fish Passage Design and Implementation; Flosi et al. 2010, referred
to as the Restoration Manual). Restoration activities include, but are not limited to, the
following: instream habitat structures and improvements, barrier modification for fish passage,
bioengineering and riparian habitat restoration, removal of small dams (permanent and
flashboard), creation of off-channel/side channel habitat, developing alternative stock-water
supply, tail-water collection ponds, water storage tanks, piping ditches, fish screens, and
installing headgates/water measuring devices. More details of these restoration activities and
their associated minimization measures are provided in Appendix C. While the restoration funds
may be used for restoration activities not listed above (e.g., placement of conservation easements
on key habitat areas in the Klamath River basin), only the restoration activities listed above and
described in Appendix C are considered in this BiOp.

S INTERRELATED AND INTERDEPENDENT ACTIONS

Interdependent actions are those that have no independent utility apart from the action under
consideration (50 CFR 402.02). Interrelated actions are those that are part of a larger action and
depend on the larger action for their justification (50 CFR 402.02). The Services have
determined there are no interdependent or interrelated actions associated with Reclamation’s
proposed action considered in this BiOp.
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6 INFORMAL CONSULTATION

Reclamation determined that the proposed action may affect, but is not likely to adversely affect
the southern DPS of green sturgeon (Acipenser medirostris), the southern DPS of Pacific
eulachon (Thaleichthys pacificus), and the southern DPS of Pacific eulachon critical habitat.
NMEFS concurs with these determinations as described below.

6.1 Southern DPS of North American Green Sturgeon

The Southern DPS of North American green sturgeon is listed as a threatened species, and
includes all green sturgeon spawning populations south of the Eel River, with the only known
spawning population being in the Sacramento River (71 FR 17757; April 7, 2006). Sub-adult
and adult southern DPS of North American green sturgeon enter coastal bays and estuaries north
of San Francisco Bay, CA, during the summer months to forage (Lindley et al. 2008). The
southern DPS of North American green sturgeon’s potential occurrence in the lower Klamath
River is limited to only the sub-adult and adult life stages, only during the summer and fall, and
only in the Klamath River estuary. Because the proposed action is not expected to adversely
affect the physical, chemical, and biological resources in the Klamath River estuary, NMFS
concurs with Reclamation that the proposed action may affect, but is not likely to adversely
affect the southern DPS of North American green sturgeon.

6.2 Southern DPS of Pacific Eulachon

The southern DPS of Pacific eulachon is listed as threatened species in 2010 (75 FR 13012;
March 18, 2010). Eulachon are semelparous and anadromous, spending most of their lives in
marine environments before returning to freshwater to spawn once and die. After eulachon
spawn, eggs attach to gravel or sand and incubate for 30 to 40 days, after which larvae drift to
estuaries and coastal marine waters (Wydoski and Whitney 1979), and after three to five years,
adults migrate back to natal basins to spawn.

In the Klamath River, adults rarely migrate more than 8 miles inland (NRC 2004). With funding
from NMFS, the Yurok Tribal fisheries biologists surveyed for eulachon in the lower Klamath
River and found only two eulachon in early 2011 and 40 in 2012 (Yurok Tribal Fisheries
Program 2011, 2012). Yurok tribal fishermen also caught five eulachon in early 2011 (Yurok
Tribal Fisheries Program 2011). Because the proposed action is not expected to adversely affect
the physical, chemical, and biological resources in the Klamath River estuary, NMFS concurs
with Reclamation that the proposed action may affect, but is not likely to adversely affect the
southern DPS of Pacific eulachon.

6.3 Southern DPS Eulachon Critical habitat

In October 2011, NMFS designated final critical habitat for the southern DPS of Pacific
eulachon (76 FR 65324; October 20, 2011). NMFS designated approximately 539 miles of
riverine and estuarine habitat in California, Oregon, and Washington within the geographical
area occupied by the southern DPS of eulachon. The designation includes 16 rivers and creeks
extending from and including the Mad River, California to the Elwha River, Washington. In the
Klamath River, critical habitat is designated from the mouth of the Klamath River upstream to
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the confluence with Omogar Creek at approximately river mile (RM) 10.5 from the mouth;
however, critical habitat does not include any tribal lands of the Yurok Tribe or the Resighini
Rancheria. Because the proposed action is not expected to adversely affect the physical,
chemical, and biological resources in the Klamath River estuary, NMFS concurs with
Reclamation that the proposed action may affect, but is not likely to adversely affect critical
habitat designated for the southern DPS of Pacific eulachon.

7 STATUS AND ENVIRONMENTAL BASELINE OF THE LOST RIVER SUCKER
AND THE SHORTNOSE SUCKER

In this section, we assess the range-wide condition of the SNS and the LRS (i.e., its status). We
describe factors, such as life history, distribution, population sizes and trends, and evidence of
resiliency and redundancy, which help determine the likelihood of both survival and recovery.
In doing so, we describe how vulnerable each affected species is to extinction. This information
will inform a population viability baseline against which the effects of the proposed action will
be measured. We also present the Environmental Baseline of the affected species in this section;
we focus on those environmental factors that have led to the species’ current status. It is
important to note that the action area encompasses the entire range of the LRS and the SNS and
their critical habitat (discussed in Section 9 below).

Endangered Species Act regulations define the environmental baseline as “...the past and present
impacts of all Federal, State, or private actions and other human activities in the action area, the
anticipated impacts of all proposed Federal projects in the action area that have already
undergone formal or early section 7 consultation, and the impact of State or private actions
which are contemporaneous with the consultation in process” (50 CFR 402.02). The
environmental baseline is an analysis of the factors that have, are, or will continue to affect listed
species in the action area, not merely a recitation of the actions that have occurred or are
occurring in the action area. The environmental baseline analysis will help us assess the effects
the proposed action will have on listed species.

In Section 7 consultations on continuing actions, such as Reclamation’s Klamath Project
operations, separating baseline effects from the anticipated effects of the proposed action can be
difficult. This is because operations of existing structures, such as dams and associated
infrastructure, are integrally related to the existence of the structures themselves, but effects of
the presence of the structures are not effects of the proposed action, and therefore are part of the
environmental baseline. For example, on the east side of the action area, Clear Lake and Gerber
Reservoir Dams block upstream sucker passage because they lack fish ladders. However,
because that effect would occur even if there was no proposed action, blocked fish passage is not
an effect of the action and instead is part of the environmental baseline.

For the Klamath Project, the non-operational effects of the infrastructure now in place, such as

the blocked passage mentioned above, are part of the environmental baseline, but the effects of
operating those structures to store, deliver, and drain water are effects of the proposed action.
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7.1 Regulatory History

The LRS and the SNS were federally listed as endangered throughout their entire ranges on July
18, 1988 (53 FR 27130). They are also listed as endangered by the States of California (1974)
and Oregon (1991). In 2007, the status of each of these species was reviewed by the USFWS
(USFWS 2007a, b). A new 5-year status review of the LRS and the SNS has been initiated by
the USFWS, and this review will be completed in 2013. A draft revision of the 1993 recovery
plan for these species was published by the USFWS in 2011, and a final revised plan published
in 2013 (USFWS 2013). The USFWS proposed critical habitat for the LRS and the SNS on
December 1, 1994 (59 FR 61744), but the proposal was not finalized. On December 7, 2011, a
revised proposal was published that included critical habitat in Klamath and Lake Counties,
Oregon, and Modoc County, California (76 FR 76337). The final designation of critical habitat
for the LRS and the SNS was published on December 11, 2012 (77 FR 73740).

7.2 Reasons for Listing

Although not explicitly stated in the final listing rule, the LRS and the SNS were listed because
of the loss of populations of both species, a decline in numbers within both species’ populations,
and loss of habitat all of which resulted in a critical lack of resiliency and redundancy for each
species (USFWS 2013). In this context, resiliency is the ability of a population or species to
rebound after stressful environmental conditions, such as adverse water quality, increased
predation, disease, drought, or climate change. Redundancy, in this context, involves multiple
populations spread over the landscape to reduce the likelihood of simultaneous extirpation from
catastrophic events, such as adverse water quality, drought, or disease.

Of the few populations of the LRS and the SNS that remain, most are very restricted in
distribution and many lacks the ability to successfully reproduce. This condition was caused by
several factors, including habitat loss, construction of barriers, overharvesting of adults, and
entrainment of young individuals.

Suitable habitat for the LRS and the SNS was drastically reduced in extent and functionality due
to the historical conversion of wetlands to agricultural use and construction of irrigation and
hydroelectric facilities, which drained lakes and wetlands, created barriers to spawning habitat,
and caused mortality by entraining fish. Chiloquin Dam on the Sprague River was cited as the
most influential barrier at the time of listing because it blocked access to approximately 95
percent of potential river spawning habitat for UKL populations of the LRS and the SNS (53 FR
274130); the dam was removed in 2008. Nevertheless, many other significant physical barriers
persist throughout the range of these species, limiting the ability of populations to reproduce or
disperse, such as the Tule Lake populations (NRC 2004).

Overharvesting of adult LRSs and SNSs potentially contributed to declining population levels in
UKL, especially for the LRS, but harvest has not been authorized since 1987 (USFWS 2007a, b).
Entrainment of larval and juvenile suckers into irrigation and hydroelectric structures was also
cited as a threat at listing, and this loss of young fish continues to threaten these species even
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though several major improvements to key structures (e.g., the A Canal fish screen) have been
implemented.

Nonnative fishes were identified as a potential threat to the LRS and the SNS at the time of their
listing because of potential competition and predation.

Lastly, mass mortality events in UKL are not new, but it is believed that as Aphanizomenon flos-
aquae (AFA), a nitrogen-fixing blue-green alga or “cyanobacterium,” has increasingly
dominated the system, the frequency of extreme fish die-off events has also increased (NRC
2004). Although conditions are most severe in UKL and Keno Reservoir, listed suckers
throughout the Klamath Basin are vulnerable to water quality-related mortality (USFWS 2007a,
b).

7.3 New Threats Identified Since Listing

7.3.1 Climate Change
Since the 1950s, western North America has experienced changes in the timing and amount of
precipitation, including decreased snowfall, earlier snowmelt, and earlier peak spring runoff,
which appear inconsistent with historically normal fluctuations, suggesting effects from
anthropogenic sources (Hamlet et al. 2005, Stewart et al. 2005, Knowles et al. 2006). Climate
models indicate that these trends are likely to continue (Barnett et al. 2008). In the upper
Klamath Basin, 8 of the 10 lowest total annual inflows into UKL in the past 50 years occurred
between 1991 and 2009, and, over the past decade, inflows to the lake have been about 9 percent
less than over the previous 31 years. Additionally, the July through September inflows to UKL
have declined by over 50 percent during the past 50 years (Mayer 2008, Mayer and Naman
2011).

The LRS and the SNS evolved in a region with highly variable precipitation, often with extended
and severe droughts (Negrini 2002); however, given the current lack of recruitment into the adult
population of each species, the absence of population connectivity (even in wet years), poor
habitat conditions, and diminished abundance, LRS and SNS populations are highly vulnerable
to negative impacts from climate change, especially increased drought. Threats from climate
change not only include reduction in amounts of spring runoff and its timing, but are likely to
also result in increasingly reduced water quantity, the spread of disease and parasites, and
proliferation of invasive and nonnative species that could prey on or compete with suckers.

7.3.2 Disease, Predation, and Parasitism
Emerging information suggests that other natural factors may also be adversely affecting the
suckers more than previously thought. For example, fish-eating birds, such as the American
white pelican (Pelecanus erythrorhynchus), could have substantial negative impacts on adult
sucker populations, especially those in Clear Lake where they could be exposed to pelican
predation during the spawning migration in Willow Creek. Early data indicate that American
white pelican predation rates on sub-adult or adult suckers in Clear Lake Reservoir may be as
high as 20 percent in some years; however, additional research is needed to clarify the magnitude
of this threat (Roby and Collis 2011; D. Hewitt, USGS, pers. comm. 2012). Additional, recently
identified threats include algal toxins, which may have affected nearly 50 percent of 47 juvenile
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LRSs assayed from UKL (Vanderkooi et al. 2010); and parasites, including Neascus spp., a
trematode flatworm (Simon et al. 2012, Markle et al. 2013), anchor worm (Lernaea cyprinacea),
a parasitic copepod (Simon et al. 2012), Trichodina sp., an external ciliate protozoan; and the
bacterium Flavobacterium columnare, which causes gill rot (Holt 1997, Foott 2004, Foott et
al. 2010). Markle et al. (2013) recently estimated an additional 3.7 percent daily mortality for
juvenile SNSs that were infected with Neascus spp. (black spot disease) compared to uninfected
individuals. There is new information concerning the bacterial flora on the skin of juvenile
suckers (Burdick et al. 2009b), but it is unknown if this negatively affects the fish.

The LRS and the SNS are known to have at least two groups of multicellular, invertebrate
parasites: Neascus and Lernaea. Neascus, or “black-spot disease,” is a catch-all term for a group
of trematode flatworms that cause similar infections in fish (Kirse 2010). The larval trematodes
(a parasitic flat worm)burrow under the skin of the fish, resulting in a black cyst. The Neascus
life cycle progresses through snails, then fish, and finally a fish-eating bird, all of which are
seasonally numerous at UKL. Parasitic infections can cause physiological stress, blood loss,
decreased growth rates, reduced swimming performance, lower overwinter fitness, and mortality,
especially in small fish (Marcogliese 2004, Kirse 2010, Ferguson et al. 2011). In some instances,
parasites can also make hosts more vulnerable to predators by affecting their morphology and/or
behavior (Marcogliese 2004). Limited evidence is beginning to emerge concerning the effects of
these parasites on listed Klamath suckers and it shows that parasites are likely an important
source of mortality for age-0 SNS (Markle et al. 2013).

7.4 LRS and SNS Life History

The LRS and the SNS are adapted to lake environments. The LRS is the only extant member of
the genus Deltistes (Miller and Smith 1967), and the SNS is one of three recognized species in the
genus Chasmistes (Moyle 2002). Both species are relatively large, with a maximum size between
24to 31 in (61 and 80 cm). The LRS and the SNS feed on zooplankton and small benthic
invertebrates taken from or near soft substrates (Scoppettone and Vinyard 1991).

Both species spawn from February through May over rocky substrates in habitats less than 4 ft
(1.2 m) deep in rivers and at shoreline springs (Buettner and Scoppettone 1990). In UKL, it
appears that more than 95 percent of adults spawn every year (Hewitt et al. 2012). Females are
highly fecund, producing from 44,000 to over 200,000 eggs per LRS female and 18,000 to
72,000 per SNS female per year, of which only a very small percentage survive to become
juveniles (NRC 2004). Females typically broadcast their eggs in the company of two males
(Buettner and Scoppettone 1990), and the fertilized eggs settle within the top few inches of the
substrate until hatching 1 week later.

Approximately 10 days after hatching, larvae emerge out of the substrate (Buettner and
Scoppettone 1990). Most larvae spawned in streams quickly drift downstream into lake habitat.
Larval movement away from the spawning grounds begins in April and is typically completed by
July (Klamath Tribes 1996, Tyler et al. 2004, Ellsworth et al. 2010). Once in lake habitats, SN'S
larvae predominantly use nearshore areas adjacent to and within emergent vegetation (Klamath
Tribes 1996, Cooperman and Markle 2004, Crandall et al. 2008), but LRS larvae tend to occur
more often in open water habitat (Burdick and Brown 2010) than near vegetated areas.
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Sucker larvae transform into age-0 juveniles at about 1 inch (less than 3 cm) total length by mid-
July. Age-0, which are individuals younger than 1 year, juvenile SNS primarily use relatively
shallow (<4 ft) vegetated areas, but may also begin to move into deeper, unvegetated offshore
habitats before the end of their first year (Terwilliger et al. 2004, Hendrixson et al. 2007a,
Hendrixson et al. 2007b, Bottcher and Burdick 2010, Burdick and Brown 2010). Age-0 LRS
juveniles also tend to be less associated with shallow vegetated habitat than SNS juveniles.

Little is known about the ecology of older juvenile suckers (ages 1—4). SNSs and LRSs juveniles
begin recruiting into the adult population at 4 to 7 years of age, with LRSs taking longer than
SNSs and females of both species taking longer than males to reach sexual maturity (Buettner
and Scoppettone 1990, Perkins et al. 2000a).

Adult LRSs and SNSs inhabit lake environments with water depths of 3 to 15 ft (1 to 5 m), but
appear to prefer depths from 5 to 11 ft (1.5 to 3 m; Peck 2000, Reiser et al. 2001), with LRSs
typically inhabiting slightly deeper habitats than SNS (Banish et al. 2009). Adult LRSs and
SNSs in UKL primarily occur in the northern half of UKL during the summer (Peck 2000,
Banish et al. 2009), but become concentrated near and within Pelican Bay when water quality is
adverse in the remainder of the lake (Perkins et al. 2000b, Banish et al. 2009). In the spring,
congregations also form near tributaries or shoreline areas prior to spawning (Janney et al. 2008).

The LRS and the SNS exhibit many adaptations characteristic of long-lived species. Juveniles
grow rapidly until reaching sexual maturity. Under favorable conditions, adults can have high
survival rates, which enable populations to outlive adverse periods, such as droughts. Once
achieving sexual maturity, LRSs live an average of 12.5 years under current conditions in UKL
(D. Hewitt, USGS, pers. comm. 2010). Similarly, SNS adults are estimated to live an average of
7.4 years after joining the adult population. Thus, for those individuals that survive to adulthood,
we expect an average total life span of 20 years for the LRS and 12 years for the SNS, based on
the average time to maturity and average adult life spans, with maximum ages of up to 57 and 33
years, respectively (Scoppettone 1988, Buettner and Scoppettone 1990, Terwilliger et al. 2010).

7.4.1 LRS and SNS Distribution

The LRS and the SNS are endemic to the upper Klamath River Basin, including the Lost River
and Lower Klamath sub-basins (Moyle 2002). Populations of both species currently exist in
UKL, its tributaries, and downstream in the Klamath River reservoirs; although SNS dominates
in Keno Reservoir and the hydropower reservoirs in the Klamath River (Desjardins and Markle
2000, Kyger and Wilkens 2012a). Both species also occur in Tule Lake, Clear Lake, and the
Lost River. Only the SNS occurs in Gerber Reservoir, but, based on genetic evidence, this
population appear to be intercrosses between the SNS and the Klamath largescale sucker
(Catostomus snyderi, KLS; Tranah and May 2006).

Prior to listing, populations of the LRS were extirpated from Lower Klamath (including Sheepy
Lake; Coots 1965), and a population of the SNS was extirpated from Lake of the Woods
(Andreasen 1975). Subpopulations of the LRS or the SNS that were spawning at Barkley,
Harriman, other springs, and smaller tributaries to UKL have also been extirpated (USFWS
2013). Other than populations in UKL, Clear Lake, and Gerber Reservoir, all other populations
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of both species are believed to be population sinks, populations that result from dispersal from a
producing population, but cannot maintain themselves through larval production. Suckers are
suspected by some to spawn in the Link River (Smith and Tinniswood 2007), the Lost River
below Anderson-Rose Dam (Hodge and Buettner 2009), in the upper reach of Copco Reservoir
(Beak Consultants Inc. 1988), and above Malone Dam (Sutton and Morris 2005); however, due
to small numbers, the lack of suitable habitat, and presence of predators, it is unlikely these
attempts lead to substantial larval production.

Figure 7.1. The LRS and the SNS currently occur in UKL, reservoirs along the Klamath River, Clear Lake,
Tule Lake, and the Lost River; the SNS is also found in Gerber Reservoir.

7.4.2 LRS and SNS Recovery Units

The 2013 revised recovery plan for the LRS and the SNS identifies recovery units for both of
these species, based on the limited information on genetic and ecological distinction between
sub-basins (USFWS 2013). The UKL Recovery Unit is subdivided into four management units:
(1) UKL river-spawning individuals; (2) UKL spring-spawning individuals (LRS only); (3) the
Keno Reservoir Unit, including the area from Link River Dam to Keno Dam; and (4) the
reservoirs along the Klamath River downstream of Keno Dam, known as the Klamath River
Management Unit. The Lost River Recovery Unit is also subdivided into four management
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units: (1) Clear Lake; (2) Tule Lake; (3) Gerber Reservoir (SNS only), and (4) the Lost River
proper (mostly SNS). By specifying recovery units, USFWS indicates that recovery cannot
occur without viable populations in each recovery unit; however, this does not mean that each
management unit has equivalent conservation value or is even necessary for species recovery to
be achieved. Viable populations are ones that are able to complete their life cycle regularly with
recruitment and diverse age composition of the adult population.

In the 2013 recovery plan for the LRS and the SNS (USFWS 2013), the criteria to assess whether
each species has been recovered are focused on reduction or elimination of threats, and
demographic evidence that sucker populations are healthy. The threats-based criteria for down-
listing include: (1) restoring and enhancing habitats, including water quality; (2) reducing
adverse effects from nonnative species; and (3) reducing losses from entrainment. To meet the
population-based criteria for delisting each species must exhibit an increase in spawning
population abundances over a sufficiently long period to indicate resilience, as well as establish
spawning subpopulations within UKL.

7.4.3 LRS and SNS Genetics

In an assessment of mitochondrial DNA (mtDNA), Dowling (2005) reported that the LRS is
relatively distinct genetically from the other sucker species in the Klamath Basin. Similarly,
microsatellite markers indicate that LRSs do not regularly interbreed with the other catostomids
in the Klamath Basin (Tranah and May 2006). In addition, differences in mtDNA of LRS
populations in the upper Klamath Basin compared to those in the Lost River sub-basin suggest
that these should be treated as separate LRS units (Dowling 2005) for purposes of maintaining
genetic diversity.

Conversely, little distinction between SNS and KLLS mtDNA and microsatellite markers has been
found (Dowling 2005, Tranah and May 2006), suggesting that interbreeding has occurred in the
past and likely continues to occur between these species. This is especially true in the Lost River
sub-basin; although morphological, behavioral, and ecological distinctions are maintained in
most populations (Markle et al. 2005). Increased hybridization resulting from human
intervention can be cause for concern for imperiled species, and may even lead to extinction
(Rhymer and Simberloff 1996). However, data suggest that intercrossing among Klamath Basin
suckers is consistent with a pattern of historical intercrossing, which is not uncommon for the
sucker family Catostomidae (Dowling and Secor 1997, Dowling 2005, Tranah and May 2006).
Further studies are needed to determine the extent, causes, and effects of this intercrossing, but
based on the historical pattern of intercrossing of these species and the fact that many individuals
retain much of the SNS phenotype we consider these SNSs to be protected under the ESA. A
genetic distinction among SNS populations between basins is weakly defined. Currently, there is
no opportunity for gene flow between the populations of both species because of many
significant physical barriers.

7.4.4 LRS and SNS Range-wide Population Trends

Starting in the late 1800’s, large areas of sucker habitat were converted to agriculture and
barriers were created that isolated populations from spawning grounds. Although there are no
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survey records until the 1900’s, it is likely that these once superabundant species began to
decline in numbers around the turn of the 20™ century concurrent with significant destruction and
degradation of sucker habitat. Later, from the 1960s to the early 1980s, recreational harvests of
suckers in UKL progressively decreased (Markle and Cooperman 2002), which reflected further
declines in the LRS and SNS populations and led to their listing under the ESA in 1988. From
1995 to 1997, water quality-related die-offs killed thousands of adult suckers in UKL (Perkins et
al. 2000b). Over that three-year period, more than 7,000 dead suckers were collected and many
other dead suckers were likely present but not detected.

More recently (between 2002 and 2010), the abundance of LRS males in the lakeshore-spawning
subpopulation in UKL decreased by 50 to 60 percent, and the abundance of females in UKL
decreased by 29 to 44 percent (Hewitt et al. 2012; Figure 7.2). It is not clear if the river-
spawning subpopulation of the LRS in UKL has increased or decreased between 2002 and 2010
because of improvements in sampling methodology part way through the study that give the
appearance of a large influx of individuals, but it is likely that this population decreased
proportionately similar to the spring-spawning population (Hewitt et al. 2012).

Capture-recapture data indicate that the UKL SNS adult population decreased in abundance by
64 to 82 percent for males and 62 to 76 percent for females between 2001 and 2010 (Hewitt et al.
2012). Although the adult populations of both species in UKL have declined substantially, the
SNS adult population is at a greater risk of extirpation from UKL than LRS because it had
declined to a greater degree and there are approximately 10 times LRS in UKL than SNS (Hewitt
et al. 2012). If the trend from 2001 through 2010 continues for the SNS in UKL we may expect
that roughly 1,000 will remain by the end of the term of the BiOp in this water body. However,
the risk of extirpation becomes even more likely given that the relatively advanced age of most
individuals in UKL will likely result in an acceleration of declining trends during the BiOp term
as individuals begin to succumb to old age.

57



Figure 7.2. Adult spawning populations of suckers in UKL have consistently declined since at least 2001, as
estimated by two approaches using mark-recapture models in Program MARK (from Hewitt et al. 2012).
The number of spawning female LRS in UKL has declined by 60 to 80 percent between 2002 and 2010.

Recent LRS and SNS size distribution trends reveal that the adult spawning populations within
UKL are comprised mostly of similar age, relatively old individuals. Since the late 1990s,
median lengths of populations of SNS have increased by approximately 0.16 in (4 millimeters
[mm)]) per year and 0.35 to 0.47 in (9 to 12 mm) per year for the LRS (Hewitt et al. 2012). If
younger individuals (which are typically smaller) were frequently joining the population the
median length would remain stable, suggesting that recruitment of new adults is minimal to
nonexistent. Most adult suckers currently in UKL are believed to be the result of spawning that
occurred in the early 1990s (Janney et al. 2008). These fish are now approximately 20 years of
age, and are well beyond the average life span of 12 years for the SNS and equal to that of 20
years for the LRS. Even though viable eggs and larvae are produced each year, a bottleneck
during subsequent life stages causes a lack of recruitment of new adults into UKL sucker
populations, which continue to exist only because of their long life. However, this trend is
especially untenable for the SNS, and, without substantial recruitment in the next decade, the
population will be so small that it is unlikely to persist.
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Insufficient monitoring data are available to determine trends for other LRS and SNS
populations, but since the declining populations in UKL are the source of most of the LRS and
SNS populations elsewhere, we expect the trends in those populations to be similar to those in
UKL. Loss of the UKL LRS and SNS populations would put both species at a high risk of
extinction because the UKL populations represent approximately 40 to 80 percent of the total
rangewide population of the SNS and the LRS, respectively (Table 7.1), and would reduce the
number of self-sustaining populations from two to one for the LRS, and from three to two for the
SNS. If these losses occurred it would significantly reduce both the resiliency and the
redundancy of the LRS and SNS populations range-wide. Resiliency and redundancy are very
important factors for survival and recovery of these species (USFWS 2013).

7.4.5 LRS and SNS Population Dynamics

7.4.5.1 Adult Population Sizes

Because of the wide-ranging behavior, expansive habitat, and rarity of these species, obtaining
accurate population estimates is impracticable. However, long-term monitoring using capture-
recapture methods provide accurate information on relative changes in abundance (Hewitt et al.
2010, 2012). For example, in 2011, UKL monitoring detected or captured approximately 22,000
tagged LRS (Hewitt et al. 2012). Approximately 37 percent of these individuals were spawning
at the springs along the eastern shoreline of the lake. The proportion of tagged individuals in the
total UKL population is unknown. If that were known, it would allow for the calculation of a
relatively accurate estimate of overall numbers in UKL. However, the proportions of tagged to
untagged individuals in direct captures suggest that the LRS population in UKL likely numbers
between 50,000 and 100,000 adults (Hewitt et al. 2012). The number of adult SNSs in UKL is
likely to be fewer than 25,000, given that only approximately 10,000 individual SNSs were
detected or captured during the 2011 spawning season (Hewitt et al. 2012).

In Clear Lake, SNSs are more abundant than LRSs. Approximately 2,500 tagged SNSs were
detected during the spawning run up Willow Creek in 2011 (B. Hayes, USGS, pers. comm.
2011); slightly less than 500 tagged LRSs were detected during the same period at this location.
Although reliable estimates of total population numbers are unavailable, but data suggest that
fewer than 25,000 adult SNSs and fewer than 10,000 adult LRSs occur in Clear Lake.

Data on LRS and SNS populations in Keno Reservoir, Klamath River reservoirs, Tule Lake,
Gerber Reservoir, and the Lost River are limited, but the monitoring efforts completed for these
populations indicate low numbers of each species, with perhaps fewer than 5,000 individuals
total for the LRS and the SNS in Tule Lake (Hodge and Buettner 2009), Keno Reservoir (Kyger
and Wilkens 2010a), and the Klamath River reservoirs below Keno (Desjardins and Markle
2000). In 2010, 413 suckers (187 LRS + 227 SNS and 3 unknowns were captured and relocated
to UKL (Courter et al. 2010). SNS dominate in the Keno Reservoir and downstream in the
hydropower reservoirs (Desjardins and Markle 2000, Kyger and Wilkens 2012b). Gerber
Reservoir may be an exception to this because spawning surveys in 2006 detected approximately
1,700 of the nearly 2,400 SNSs that had been tagged the previous year (Barry et al. 2007c). The
approximate size of known SNS and LRS populations are shown in Table 7.1 below. Based on
limited data, we estimate that the approximate total range-wide adult population of the LRS is
65,000 to 115,000 individuals, and less than 60,000 individuals for the SNS.
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Table 7.1. Estimated LRS and SNS adult sucker population sizes. Note: The estimate for UKL is based on
Hewitt et al. (2012). Clear Lake and Gerber Reservoir contain self-sustaining sucker populations. The
“Other Areas” include Keno Reservoir, Tule Lake, Lost River, and four Klamath River reservoirs
downstream of Keno that are considered sink populations.

Location No. of Adult LRS No. of Adult SNS
UKL 50,000-100,000 <25,000
Clear Lake <10,000 <25,000
Gerber Reservoir None <5,000
Other Areas <5,000 <5,000

7.4.5.2 LRS and SNS Population Demographics

Vital rates (e.g., survival and recruitment) of SNS and LRS adults in UKL have varied little over
the past decade. Annual adult survival rates of the SNS in UKL appear to vary more than the
LRS, but adults of both species in UKL appear to be relatively stable (Hewitt et al. 2012),
excluding years of large fish die-offs as in 1995, 1996, and 1997. Modeling of LRS and SNS
adult populations since 2001 suggests a low rate of recruitment (Hewitt et al. 2012), which has
resulted in adult populations for both species that are homogenous in size and age. If this lack of
recruitment continues, it will cause instability and eventually lead to extirpation of these species
from UKL. It is generally accepted that the last substantial recruitment for both the LRS and the
SNS in UKL occurred in the late 1990s, from fish that were spawned earlier in the decade (e.g.,
1991). Although it is difficult to verify this finding using standard fish-ageing techniques (given
the long life of these species, annual growth rings are often difficult to differentiate), the size
distribution of spawning adults appears to corroborate this view. Between 2000 and 2011, the
length distribution of both species in UKL steadily shifted upwards, with few smaller (and
presumably younger) individuals being present (Hewitt et al. 2012).

Given the scarcity of juvenile suckers in UKL and based on the time it takes for these species to
become sexually mature, it likely will be at least 4 years before substantial recruitment into the
adult age class occurs because there are no known cohorts in the queue. Although we do not
know specifically how this current uniform age distribution compares to historical conditions,
healthy adult populations of long-lived species should generally possess multiple reproducing
year-classes.

In Clear Lake, SNS vital rates appear to be fairly consistent, given the normal distribution of size
classes of captured individuals since 2004 (Hewitt and Janney 2011; based on the assumption
that size is generally related to age). During the same period, annual size distribution surveys
indicated a group of sub-adult LRS was progressing towards sexual maturity, but this cohort
inexplicably disappeared from samples taken in 2008 (E. Janney, USGS, pers. comm. 2011).

7.5 Summary of Status of the LRS and the SNS

The status of the LRS and the SNS has declined since listing. The SNS is especially vulnerable
because of substantial population declines in UKL and relatively small populations overall.
Adverse water quality in UKL in the 1990s caused massive die-offs of both the LRS and the
SNS. Since 2001, SNSs in UKL have declined by as much as 70 to 80 percent and LRSs by as
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much as 40 to 60 percent, suggesting a lack of resiliency. SNSs in UKL are also vulnerable
because most are well past their average life expectancy, and LRSs are at their average life
expectancy, thus the rate of decline could increase if there is not substantial recruitment into the
adult age class. However, recruitment of both species into the adult population in UKL in the
past decade has been nearly nonexistent, and there is no evidence of large cohorts of young
suckers that could enter the adult population in the next few years. Loss of the UKL populations
would leave only one self-sustaining population of the LRS and two populations of the SNS;
thus, there is little redundancy for either species, adding to their risk of extinction. Given this
information, the Service finds that LRS and SNS populations, especially the SNS population in
UKL, are at a high risk of extinction.

7.6 Survival and Recovery Needs of the LRS and the SNS

The 2013 revised recovery plan for the LRS and SNS (USFWS 2013) describes their survival
and recovery needs, which are:

e Adequate quality and quantity of habitat to support the needs of all life stages of LRS and
SNS.
o Improved water quality to a level where adverse effects are not sufficient to
threaten the continued persistence of the LRS and the SNS.
o Connectivity throughout the range of LRS and SNS to ensure appropriate genetic
exchange among populations, to provide access to spawning and refugial areas,
and to permit return of downstream migrants.

e A sufficient number of viable, self-sustaining populations of the LRS and SNS to buffer
against localized extirpations.

o Substantially reduced entrainment of larval, juvenile and adult LRS and SNS
particularly in UKL.

o Increased frequency and magnitude of recruitment into the adult spawning
populations of both the LRS and the SNS.

o Populations of sufficient sizes to ensure genetic variability to enable LRS and
SN to respond to changing ecosystem conditions.

7.7 Reclamation’s Klamath Project
7.7.1 Hydrologic Alteration

The Reclamation Act of 1902 (43 U.S.C. 391 et seq.) authorized the Secretary of the Interior to
locate, construct, operate, and maintain works for the storage, diversion, and development of
water for the reclamation of arid and semiarid lands in the western States. Congress facilitated
development of the Klamath Project by authorizing the Secretary to raise or lower the level of
Lower Klamath and Tule Lakes and to dispose of the land uncovered by such operation for use
under the Reclamation Act of 1902. The Oregon and California legislatures passed legislation
for certain aspects of the Klamath Project, and the Secretary of the Interior authorized
construction May 15, 1905, in accordance with the Reclamation Act of 1902 (Act of February 9,
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1905, Ch. 567, 33 Stat. 714). The Project was authorized to drain and reclaim lakebed lands in
Lower Klamath and Tule Lakes, to store water of the Klamath and Lost Rivers, including water
in the Lower Klamath and Tule Lakes, to divert and deliver supplies for Project purposes, and to
control flooding of the reclaimed lands.

Starting around 1912, construction and operation of the numerous facilities associated with
Reclamation’s Klamath Project significantly altered the natural hydrographs of the upper and
lower Klamath River. In 1922, the level of UKL was raised by the construction of the Link
River Dam. Reclamation’s Klamath Project now consists of an extensive system of canals,
pumps, diversion structures, and dams capable of routing water to approximately 200,000 ac
(81,000 ha) of irrigated farmlands in the Upper Klamath River basin (Reclamation 2012).

7.7.2 Project Water Consumption

Spring and summer deliveries of irrigation water to the Klamath Project from UKL are trending
upward during the period of record. Historic and modeled April through November
(spring/summer in terms of the proposed action model parameters) deliveries to the Project from
UKL is shown in Figure 7.3 and Figure 7.4, respectively.

While the trends suggest increases in Project deliveries when considered in isolation, they may
also be examined with respect to other water-related trends in the upper Klamath Basin. As
described in section 7.3.1, Climate Change, average annual air temperature in the upper Klamath
Basin has been increasing over several decades and snow-water equivalent has been declining.
In addition, although the declining trend is not apparent in the past two decades, annual net
inflow to UKL has declined over the full 31-year period of record (POR) and the trend is
statistically significant (Section 7.10.2, UKL and Tributaries Water Quantity and Trend
Analysis). Therefore, it is reasonable to consider that the increase in Project deliveries could be
caused by changes in irrigation and cropping patterns, additional land under irrigation, decadal
shifts in weather, global warming, conjunctive uses of surface water and groundwater, or a
combination of factors. Many of these individual factors have not been examined rigorously in
the Klamath Basin and the relationships between them are poorly understood or have not been
examined at all. The trend of Project deliveries is one that must be evaluated more fully and
tracked more closely during the future.
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Historic Spring/Summer Deliveries to Klamath Project from Upper Klamath lake
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Figure 7.3 Historic April through November deliveries to Project from UKL.
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Figure 7.4 Modeled April through November deliveries to Project from UKL.

7.7.3 Effects of Historical Project Entrainment on the LRS and the SNS

The effects of entrainment on the LRS and the SNS caused by the Project have been described in
BiOps on proposed Project operations, the most recent BiOp being in 2008 (USFWS 2008, pages
72-76 and 127—-135); that discussion is herein incorporated by reference. Entrainment causes the
largest quantified Project-caused loss of the LRS and the SN, and is estimated to annually
involve millions of larvae and tens of thousands of juveniles (Gutermuth et al. 2000a, b, USFWS
2008). Entrainment of planktonic sucker larvae in UKL is thought to be related to drift and
wind-driven circulation patterns (USFWS 2008), but entrainment of juvenile suckers that are
more bottom-oriented is likely more complex and probably affected by multiple factors.

Juvenile suckers that are entrained at the A Canal and Link River Dam could be dispersing,
showing an avoidance response to poor habitat conditions, weakened by inhospitable conditions,
or a combination of these and other factors. Gutermuth et al. (2000a, b) found that entrainment
of suckers at the Link River was higher during poor water quality events, and thus leaving the
lake could be an avoidance response because fish tend to avoid unfavorable conditions such as
low DO or high water temperatures (Sullivan et al. 2003).

Prior to construction of the Link River Dam, sucker dispersal downstream into Lower Klamath
Lake was likely a natural part of the LRS’s and the SNS’s life cycle. However, now with the
higher summer flows at the outlet of UKL to meet irrigation deliveries and downstream river-
flow requirements, entrainment of age-0 juvenile suckers is likely greater than it was prior to
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lake management (USFWS 2008), and with loss of access to Lower Klamath Lake, rearing
habitat for the LRS and the SNS has been drastically reduced and degraded.

7.8 PacifiCorp’s Hydroelectric Project on the Klamath River from Keno Dam to Iron
Gate Dam

Lake habitats that support sucker populations were created in the Klamath River as a result of
construction of four dams (J.C. Boyle, Copco 1, Copco 2, and Iron Gate) that comprise the
PacifiCorp Klamath Hydroelectric Project. No lake habitat existed historically in the Klamath
River below the Keno Reef, located upstream of the Keno Dam. LRS and SNS populations
(mostly SNS) have expanded into these lake habitats, most likely from downstream drift of
larvae and juveniles from UKL (Desjardins and Markle 2000). Populations in the Klamath River
hydropower reservoirs are small compared to those in UKL, Gerber Reservoir, and Clear Lake
(USFWS 2002, 2007¢). Factors affecting sucker populations in the Klamath River reservoirs are
discussed in detail in the FERC BiOp for the proposed relicensing of the Klamath Hydroelectric
Project (USFWS 2007c¢). The greatest threats to suckers in these reservoirs likely come from
adverse water quality and nonnative fishes.

7.9 Climate Change

7.9.1 Western United States
In the western United States, there is a strong link between climate and the availability of water
resources. Surface water volume and recharge to groundwater are based primarily on winter
precipitation and snowpack. Climate change effects caused by global warming began in the mid-
20th Century and are continuing (Barnett et al. 2008, Christensen et al. 2004). The effects of
climate change between 1950 and 2000 include water shortages and changes in the timing of
runoff. The principal factors being (1) a shift to more winter precipitation falling as rain instead
of snow in mountainous regions, (2) earlier snow melt as a result of warming winter
temperatures, and (3) associated increases in river flow in the spring and decreases in the
summer and fall (Barnett et al. 2008). Continuation of climate change is expected to
significantly affect water resources in the western United States by the mid-21* century, and
evidence suggests that the Klamath Basin region’s climate is already changing (Hayes 2011).
Climate change is generally predicted to result in increased air and water temperatures, decreased
water quality, increased evapotranspiration rates, increased proportion of precipitation as rain
instead of snow, earlier and shorter runoff seasons, and increased variability in precipitation
patterns (Reclamation 2011). Several studies have shown declining snow-pack, earlier spring
snowmelt, and earlier stream runoff in the western United States over the past few decades
(Hamlet et al. 2005, Regonda et al. 2005, Stewart et al. 2005, Knowles et al. 2006). Winter
precipitation and snow-pack are strongly correlated with streamflow in the Pacific Northwest
(Leung and Wigmosta 2004).

Increasing temperature is the major driver of these observed trends, particularly at the moderate
elevations and relatively warm winter temperatures characteristic of the Pacific Northwest
(Hamlet et al. 2005, Stewart et al. 2005). Temperatures are projected to continue increasing by
approximately 0.36° F (0.2 °C) per decade globally for the next several decades (Meehl et al.
2007).
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7.9.2 Klamath Basin
The Oregon Climate Division 5 (includes the high plateau area of the upper Klamath Basin)
temperature dataset and the U.S. Historical Climatology Network temperature dataset for Crater
Lake show warming trends in winter temperatures since the 1970s (Mayer 2008). Recent winter
temperatures are as warm as or warmer than at any time during the last 80 to 100 years (Mayer
2008). Air temperatures over the region have increased by about 1.8° to 3.6° F (1° to 2° C) over
the past 50 years and water temperatures in the Klamath River and some tributaries have also
been increasing (Bartholow 2005, Flint and Flint 2012). Reclamation (2011) reports that the
mean annual temperature in Jackson and Klamath Counties, Oregon, and Siskiyou County,
California, increased by slightly less than 1.8° F (1° C) between 1970 and 2010. During the
same period, total precipitation for the same counties decreased by approximately 2 inches (5.08
cm) (Reclamation 2011).

In conjunction with rising temperatures, snow water equivalent has been declining. Regonda and
others (2005) analyzed western states data from 1950 through 1999, including data from the
Cascade Mountains of southern Oregon. Their findings show a decline in snow-water equivalent
of greater than 6 inches (15.24 cm), an approximate 20 percent reduction in snow water
equivalent, during March, April, and May in the southern Oregon Cascades for the 50-year
period evaluated.

Analysis of climatologic and hydrologic information for the upper Klamath Basin indicates UKL
inflows, particularly base-flows, have declined over the last several decades (Mayer and Naman
2011). Recent analyses completed for this BiOp confirm the trend in declining inflow to UKL
from 1981 through 2012, and also demonstrate declining flows in the Sprague and Williamson
Rivers (major tributaries to UKL) during the POR. However, trends change markedly depending
on the selected period of record and trends for different time frames (e.g. 1991 through 2012 and
2001 through 2012) demonstrate increasing net inflow to UKL. Inflow to UKL and flow in the
Sprague and Williamson Rivers are strongly dependent on climate, particularly precipitation, as
demonstrated in Mayer and Naman (2011). Part of the decline in flow is explained by changing
patterns in precipitation; however, other factors are very likely involved as well, including
increasing temperature, decreasing snow-water equivalent, increasing evapotranspiration, and
increasing surface water diversions or groundwater pumping upstream of UKL (Mayer 2008;
Mayer and Naman 2011).

Projections of the effects of climate change in the Klamath Basin suggest temperature will
increase in comparison to a 1961 through 2000 comparison period (Barr et al. 2010; U.S. Bureau
of Reclamation 2011). Projections are based on ensemble forecasts from several global climate
models and carbon emissions scenarios. Although none of the projections include data for the
specific period of the proposed action, anticipated temperature increases during the 2020s
compared to the 1990s range from 0.9 to 1.4° F (0.5 to 0.8° C) (Reclamation 2011). During the
2035 and 2045 period, temperature increases are expected to range from 2.0 to 3.6° F (1.1 to 2.0°
C), with greater increases in the summer months and lesser increases in winter (Barr et al. 2010).

Effects of climate change on precipitation are substantially more difficult to estimate and models
used for the Klamath Basin suggest decreases and increases. During the 2020s, Reclamation
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(2011) projects an annual increase in precipitation of approximately 3 percent compared to the
1990s. Reclamation (2011) also suggests that an increase in evapotranspiration will likely offset
the increase in precipitation. In the 2035 and 2045 period, the change in annual precipitation
compared to the 1961 through 1990 is expected to range from approximately -9 percent to +3
percent (Barr et al. 2010). Within the boundaries of the annual change in precipitation,
December through February precipitation is expected to increase by up to 10 percent while June
through August precipitation is expected to decrease between 15 and 23 percent (Barr et al.
2010).

Reclamation (2011) projects that snow-water equivalent during the 2020s will decrease
throughout most of the Klamath Basin, often dramatically, from values in the 1990s. Projections
suggest that snow-water equivalent will decrease 20 to 50 percent in the high plateau areas of the
upper basin, including the Williamson River drainage. Snow-water equivalent is expected to
decrease by 50 to 100 percent in the Sprague River basin and in the vicinity of Klamath Falls. In
the lower Klamath Basin, Reclamation projects decreases in snow water equivalent between 20
and 100 percent. The exception to the declines is the southern Oregon Cascade Mountains,
where snow water equivalent is projected to be stable or increase up to 10 percent (U.S. Bureau
of Reclamation 2011).

Reclamation also projects annual increases in runoff during the 2020s compared to the 1990s,
based on the global climate models. The annual volume of flow in the Williamson River is
expected to increase by approximately 8 percent, with increases of approximately 22 percent
during December through March and decreases of approximately 3 percent during April through
July (Reclamation 2011). The Klamath River below Iron Gate Dam is expected to experience an
approximate 5 percent increase in annual flow volume, with increases of approximately 30
percent during December through March and decreases of approximately 7 percent during April
through July (Reclamation 2011).

The apparent contradiction between decreasing snow-water equivalent and increasing runoff is
resolved by projections suggesting a greater proportion of precipitation will fall as rain instead of
snow, and the increase in overall precipitation will be greater in the winter than in the summer.

The USGS has modeled potential responses to climate change in the Sprague River Basin using
several global climate models and carbon emissions scenarios (Markstrom et al. 2011, Risley et
al. 2012). The models simulated the effects of climate change between 2000 and 2100 compared
to a 12-year baseline period of water years 1988 through 1999. The results indicate steady
increases in temperature and substantial variability with regard to future precipitation,
streamflow, evapotranspiration, and groundwater flow. Projected results for the Sprague River
basin for the decade between 2010 and 2020 under the most likely carbon emission scenarios
have been estimated, based on the overall 2000 through 2100 simulations and include:

e An increase in mean maximum temperature ranging from approximately 0.36° to 0.54° F
(0.20° t0 0.35° C).

e An increase in mean minimum temperature ranging from approximately 0.18° to 0.81° F
(0.10° to 0.45° C).
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e A change in mean precipitation ranging from near zero to an increase of approximately 1 in
(2.54 cm) per year.

e A change in mean surface water runoff ranging from near zero to an increase of
approximately 4 cfs (0.11 m*/sec).

e A change in mean streamflow ranging from near zero to an increase of approximately 60 cfs
(1.7 m*/sec).

e A change in mean groundwater flow ranging from a decrease of approximately 4 cfs (0.1
m’/sec) to an increase of approximately 25 cfs (0.7 m*/sec).

e A change in mean evapotranspiration ranging from a decrease of approximately 0.15 in (.37
cm) per year to an increase of approximately 0.8 in (2.0 cm) per year.

e A shift in peak streamflow over the course of the 21* Century from mid—April to early— or
mid—March.

In addition to having multiple hydrologic effects, climate change may affect biological resources
in the Klamath Basin. Climate change could exacerbate existing poor habitat conditions for fish
by further degrading water quality. Higher water temperatures are of concern in UKL because
the weather conditions documented during the last three fish die-offs in the lake were
characterized by higher than average temperatures (77 FR 73740), suggesting that temperature
plays a key role in the events. Because UKL is shallow, water temperatures tend to closely
follow air temperatures; even a week of high air temperatures will increase water temperatures in
the lake (Wood et al. 2006).

Higher water temperatures could have multiple adverse effects on suckers including: (1)
Extending the growing season for AFA, perhaps leading to higher AFA biomass; (2) stressing
AFA earlier or later in the season, causing more frequent bloom collapses that could affect water
quality later in the season; (3) increasing respiration rates of microorganisms, thus elevating DO
consumption in the water column and in sediments; (4) raising respiration rates for suckers and
other fish, making it more difficult for them to obtain sufficient DO; and (5) reducing the DO
holding capacity of water, which is highest in cold water. The productivity of UKL and sucker
growth rates might increase as a result of higher temperatures, but if higher temperatures lead to
reduced water quality, the benefits could be negated. Because of the complex nature of the lake
ecosystem, it is difficult to predict what ecological changes are likely to occur as climate warms.
However, it seems likely that most of the effects will be negative, and therefore will likely
exacerbate the current seasonally poor habitat conditions.

Although the greatest effects of climate change on LRS and SNS habitat conditions are likely to
be decades away, some effects could occur during the term of this consultation.

7.10 Habitat Conditions and Status of the Species within the UKL Recovery Unit

The Upper Klamath Lake Recovery Unit encompasses most of the occupied range of the LRS
and the SNS, including UKL and the Klamath River downstream to Iron Gate Dam. Listed
suckers do not occur downstream of Iron Gate Dam. The only habitats occupied by the LRS and
the SNS that are not included in the action area are tributaries of the UKL (i.e., Sprague,
Williamson, and Wood Rivers).
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The UKL Recovery Unit is subdivided into four management units: (1) UKL river-spawning
individuals; (2) UKL spring-spawning individuals (LRS only); (3) the Keno Reservoir Unit,
including the area from Link River Dam to Keno Dam; and (4) the reservoirs along the Klamath
River downstream from Keno Dam, known as the Klamath River Management Unit.

UKL is critically important to these species because it supports a large population of the SNS
and the largest population of the LRS, and is the primary rearing habitat for all life stages in the
sub-basin (USFWS 2013). Keno Reservoir and the Klamath River reservoirs lack suitable
conditions for self-sustaining sucker populations and thus are viewed as sink populations;
nonetheless they are important for recovery because they provide population redundancy, and
also could be used to repopulate lost populations if they can be effectively caught. All
populations of the LRS and the SNS below UKL are considered to be derived from
dispersal/entrainment from UKL and thus are identified as sink population (USFWS 2008,
2013).

The major threats to the LRS and the SNS conservation in the UKL recovery unit are poor water
quality (i.e., high pH and ammonia, low DO, and algal toxins), associated disease and parasites,
inadequate water levels, and entrainment into agricultural diversions, especially at the Link River
Dam and nearby A Canal (USFWS 2013). These threats mostly affect resiliency of the LRS and
the SN'S populations by reducing their abundance and productivity, but also as sucker
populations are diminished in abundance, redundancy is threatened because smaller populations
are at a higher risk of extirpation. The major threat to LRSs and SNSs in areas downstream from
UKL is water quality, which is extremely poor in the summer (ODEQ 2010).

7.10.1 Water Quality

Section 303(d) of the Clean Water Act requires States to identify water bodies that do not meet
water quality objectives and are not supporting their designated beneficial uses. Much of the
Klamath basin is currently listed as water-quality impaired under section 303(d) of the Clean
Water Act (Table 7.2). As such, total maximum daily loads (TMDLs) have been developed by
Oregon, California, and the U.S. Environmental Protection Agency (USEPA) for specific
impaired water bodies, with the intent to protect and restore beneficial uses of water. TMDLs
estimate a water body’s capacity to assimilate pollutants without exceeding water quality
standards and set limits on the amount of pollutants that can be added and still protect identified
beneficial uses. Additional information regarding Oregon TMDLs can be found on the Oregon
Department of Environmental Quality (ODEQ) website
(http://www.deq.state.or.us/WQ/TMDLs/klamath.htm) and California TMDLs on the North
Coast Regional Water Quality Control Board (NCRWQCB) website (http://www.swrcb.ca.
gov/northcoast/water issues/programs/tmdls/index.shtml).
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Table 7.2 Impaired water bodies within the action area (USDOI and CDFG 2012; Table 3.2-8).
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The Sprague, Williamson, and Wood Rivers are tributaries to UKL, and affect its water quality
because they provide inflows to the lake and downstream habitats, and transport suspended
sediments, nutrients, organics, and other particulate and dissolved constituents to the lake. The
major detrimental effect to suckers in the tributaries is degraded habitat due to stream and
watershed alterations. The tributaries also appreciably affect suckers through the export of
nutrients, especially phosphorus, and reduced inflows to UKL as a result of upstream diversions.
Although they are not part of the action area, these rivers contribute to baseline conditions within
the action area.

Historical activities impacting the UKL watershed and tributaries include timber harvest,
agricultural development, wetland loss and alteration, loss of beavers, hydrogeomorphic
alterations to watercourses and riparian zones, and water diversions (Risley and Laenen 1999,
ODEQ 2002, Bradbury et al. 2004, Eilers et al. 2004, Perry et al. 2005). Although most of these
activities are historical, some continue to negatively affect the UKL because they are the main
causes of the increased erosion and loading of nutrients, particularly phosphorus, in the
watershed (McCormick and Campbell 2007).

Lakes, especially shallow ones like UKL, which averages about 6 ft (2m) deep, can be strongly
affected by their watersheds because nutrients transported into the lakes are readily available for
algae growth. Nutrients in deeper lakes can be isolated from surface-dwelling phytoplankton
(suspended algae) because the lakes develop a warm-water layer (thermocline), which prevents
nutrients in deeper water from reaching the surface to facilitate algae growth. Additionally,
diking and draining in UKL has resulted in the loss of nearly 70 percent of its fringe wetlands,
and water pumped from these areas into the lake contains high concentrations of phosphorus,
thus further degrading water quality (Snyder and Morace 1997, ODEQ 2002, ASR 2005). The
decline in UKL water quality also affects water quality downstream in the mainstem Klamath
River due to the transfer of large amounts of organic matter, with an associated high biological
oxygen demand, from UKL to downstream water bodies (Doyle and Lynch 2005, Deas and
Vaughn 2006, ODEQ 2010). However, this is exacerbated by discharges from two wastewater
treatment facilities and untreated stormwater discharges. Massive die-offs of adult suckers
occurred in UKL during the 1990s that were attributed to adverse water quality and resultant
disease (Perkins et al. 2000b).

Adverse water quality directly impacts the LRS and the SNS resiliency by decreasing survival
and productivity. Adverse water quality indirectly affects the LRS and the SNS through algal
toxins and interactions with pathogens, parasites, predators, and competitors that are either more
tolerant of impaired water quality than suckers or benefit from the conditions created by nutrient
enrichment. Based on water quality criteria examined by Morace (2007) and Martin (USGS,
pers. comm., 2012), suckers are exposed to multiple stressors simultaneously or at least over a
period of weeks, and water quality stress could last for several months, most often from July
through September. This is most likely to affect age-0 juvenile suckers because they start
appearing in July when conditions can be poor and have limited ability to move the distances that
might be necessary to avoid adverse conditions. Adult suckers can move into Pelican Bay, and
thus have the potential to avoid poor water quality (Perkins et al. 2000b, Banish et al. 2009).
However, adults cannot always avoid stressful conditions, as the die-offs in the 1990s seem to
suggest (Perkins et al. 2000b).
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Table 7.3 Seasonal comparisons of potential threats to LRS and SNS in UKL from water quality parameters,
including microcystin.

Water Quality June-September October November-May
Constituent

Low DO A high threat Possibly a threat Not a threat

High Total Ammonia | A high threat Possibly a high threat | Possibly a high threat
High pH A threat Not a threat Not a threat

High Temperatures A low threat Not a threat Not a threat

High Microcystin Possibly a high threat | Possibly a threat Possibly a threat

7.10.1.1 Water Temperature

Water temperatures in the Klamath Basin vary seasonally and by location. In the Upper Klamath
Basin, water temperatures are typically very warm in summer months as ambient air
temperatures heat surface waters. Water temperatures (measured as 7-day average maximum
values) in UKL and much of the reach from Link River Dam to the Oregon-California border
exceed 68 °F (20 °C) in June through August (ODEQ 2010), but water temperature in UKL
rarely exceeds any threshold value, and therefore by itself is not currently a threat to suckers.
Both UKL and the Keno Reservoir/Lake Ewauna undergo periods of intermittent, weak
summertime stratification, but water temperatures in these water bodies are generally similar
throughout the water column, and among the warmest in the Klamath Basin (peak values >77 °F
[>25 °C)).

Temperatures within the upper Klamath Basin have been reported as increasing (Flint and Flint
2012) and decreasing (Jassby and Kann 2010), but there are many locations throughout the basin
that are influenced by groundwater springs, such as the Wood River and the mainstem Klamath
River downstream of J.C. Boyle Dam. These sites generally have relatively constant water
temperatures year-round, and can be 41 to 59 °F (5 to 15 °C) cooler than other local water bodies
during summer months, depending on the location. Water temperatures in the Sprague River
have increased on average about 3.1 °F (1.7 °C) since the 1950-1999 baseline (Flint and Flint
2012), and thus temperature could pose more of a threat in the future. Increasing temperature
has many potential effects, including reducing DO concentrations, increasing total ammonia-
nitrogen, increasing growth rates of pathogens, and requiring greater energy demands from fish,
and thus is an exacerbating factor.

7.10.1.2 Dissolved Oxygen

Dissolved oxygen (DO) concentrations within water depends on several factors, including water
temperature (colder water absorbs more oxygen), water depth and volume, stream velocity (as
related to mixing and re-aeration), atmospheric pressure, salinity, and the activity of organisms
that depend upon dissolved oxygen for respiration. Respiratory consumption is strongly
influenced by the availability of nitrogen and phosphorus for supporting algal and aquatic plant
growth. According to lab studies, LRS and SNS larvae and juveniles begin dying when DO
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concentrations reach about 2 mg/L, and by about 1.5 mg/L most suckers die (Martin and Saiki
1999). The lethal DO threshold for adult suckers is unknown, but likely is similar to juveniles.

In tributaries to UKL, limited data indicate that DO varies from greater than 7 to 13 mg/L
(ODEQ 2002). Concentrations in the lakes within the recovery unit exhibit seasonal and spatial
variability, ranging from less than 4 mg/L to greater than 10 mg/L. Water quality datasets
collected by the Klamath tribes include weeks during the summer months when DO levels in
UKL are consistently below the ODEQ criterion of 5.5 mg/L for support of warm-water aquatic
life (Kann 2010). Low (0 to 4 mg/L) DO concentrations occur most frequently in August, the
period of declining algal blooms and warm water temperatures in the lake (Walker 2001, ODEQ
2002). Morace (2007) provided a detailed review of DO concentrations in UKL, based on 17
years of data (1990-2006), and Jassby and Kann (2010) conducted a similar review based on an
additional 3 years (1990-2009) of data collection.

Downstream in Keno Reservoir, DO reaches very low levels (< 1 to 2 mg/L) during July and
October as algae transported from UKL settle out of the water and decay. Persistent low DO
events in this reach, where the DO remains less than 2 mg/L, can last for several days or even
weeks. Decomposition of algae transported from UKL appears to be the primary driver of low
oxygen in the Keno Reservoir. Two water treatment facilities discharge treated wastewater to
the Keno Reservoir; however, these facilities contribute a very small amount (<1.5 percent of the
organic material loading) to the overall oxygen demand in the Keno reach. Organic matter and
nutrient inputs, which promote primary productivity, from the Lost River basin via the Klamath
Straits Drain and the Lost River Diversion Channel also contribute to low DO levels in this reach
(Sullivan et al. 2009, ODEQ 2010, Sullivan et al. 2011).

During summer, the reservoirs in the Klamath Hydroelectric Reach exhibit varying degrees of
DO super-saturation (i.e., >100 percent saturation) in surface waters (due to high rates of internal
photosynthesis by algae) and oxygen depletion in bottom waters (due to microbial decomposition
of dead algae). Although J.C. Boyle Reservoir, a relatively long shallow reservoir, does not
stratify, large variations in DO are observed at its discharge due to high oxygen demand from
water conditions in the upstream reach from Link River Dam through the Keno Reservoir, and in
UKL. Copco 1 and Iron Gate Reservoirs thermally stratify beginning in April/May and do not
mix again until October/November (FERC 2007). DO in Iron Gate and Copco 1 surface waters
during summer months is generally at or, in some cases, above saturation, while levels in
hypolimnetic waters reach minimum values near 0 mg/L by July (Raymond 2008, 2009, 2010).

7.10.1.3 Ammonia Toxicity

Low DO events are often associated with high levels of un-ionized ammonia, which is toxic to
fish at concentrations above 0.5 mg/L (Saiki et al. 1999, PacifiCorp 2004, Deas and Vaughn
2006, ODEQ 2010, Sullivan et al. 2011). Ammonia toxicity is complex because it is a function
of both pH and temperature, and is most toxic at higher pH (USEPA 2009). At a pH above 8,
ammonia toxicity is mostly due to un-ionized ammonia, but below pH 8 toxicity is based on total
ammonia concentrations. Saiki et al. (1999) reviewed the results of a variety of tests using
ammonia alone and in conjunction with pH, DO, and temperature to assess how ammonia
affected survival of larval and juvenile suckers, and found that median LCs, (the concentration of
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ammonia that is lethal to 50 percent of test individuals) values for un-ionized ammonia varied
from 0.48—-1.29 mg/L for 96 hour exposures for larval and juvenile suckers. Meyer and Hansen
(2002) concluded that the LCs, for indefinite exposure of LRS early life stages to un-ionized
ammonia is approximately 0.5 mg/L.

B. Martin (USGS, pers. comm., 2012) reviewed water quality data for UKL to determine water
quality associated risks. Data from approximately 3,800 samples were analyzed for DO, pH,
temperature, and total ammonia-nitrogen using data collected by the Klamath tribes and USGS
since 1991. The results showed that the total ammonia-nitrogen concentrations were at threshold
values for the suckers in most years, suggesting this compound is a noteworthy threat to the LRS
and the SNS in UKL. DO concentrations rarely exceeded the LCs, value, but about 10 percent
were about at the 4.0 mg/L stress threshold. pH values also rarely exceeded the LCsy value of
10.3, but about 15 percent exceeded the high stress level of pH 9.75.

Keno Reservoir is currently listed as impaired year-round for ammonia toxicity under section
303(d) of the Clean Water Act (ODEQ 2010). In the 2010 TMDL for the Oregon portion of the
Klamath River that includes the Keno Reservoir, ODEQ (2010) described ammonia
concentrations, which peak at Miller Island (RM 245) in July and August. Total ammonia
nitrogen concentrations in the Keno Reservoir frequently exceed Oregon’s chronic criteria from
June to September, and can exceed the acute criteria in both June and July (ODEQ 2010). These
degraded conditions can occur throughout much of the 20 mile long reservoir, with better
conditions only in the uppermost and lowermost reaches. Fish die-offs in the Keno Reservoir
occur in most summers (USFWS 2008).

7.10.1.4 Nutrients

Primary plant nutrients, including nitrogen and phosphorus, are affected by the geology of the
surrounding watershed of the Klamath River, upland productivity and land uses, and a number of
physical processes affecting aquatic productivity within reservoir and riverine reaches. Nitrogen
arriving in UKL has been attributed to upland soil erosion, runoff, and irrigation return flows
from agriculture, as well as in situ nitrogen fixation by cyanobacteria, especially AFA (ODEQ
2002). Although the relatively high levels of phosphorus present in Upper Klamath Basin
volcanic rocks and soils have been identified as a major contributing factor to phosphorus
loading to the lake (ODEQ 2002), land use activities in the Upper Klamath Basin have also been
linked to increased nutrient loading (Snyder and Morace 1997, Kann and Walker 1999, Bradbury
et al. 2004, Colman et al. 2004, Eilers et al. 2004), subsequent changes in trophic status, and
associated degradation of water quality. Extensive monitoring and research conducted for
development of the UKL TMDLs (ODEQ 2002) show that the lake is a major source of nitrogen
and phosphorus loading to the Klamath River. Nutrient and organic matter inputs from the Lost
River Basin via Klamath Straits Drain and the Lost River Diversion Channel are also an
important source of nutrients to the Upper Klamath River (Figure 7.5; Sullivan et al. 2009,
ODEQ 2010).

The operations of Keno Dam likely reduce nutrient cycling that would improve water quality in
Keno Reservoir. The dam and its impoundment affect water quality primarily by increasing
surface area, hydraulic retention time, and solar exposure (FERC 2007). The longer residence
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time allows temperatures to increase and facilitates photosynthetic and microbial processes that
further degrade water quality.

Figure 7.5 Model results of orthophosphate concentrations from just downstream of Klamath Straits Drain
discharge. The “With Klamath Straits Drain/Lost River Diversion Channel” results are from the 2002
calibration model (ODEQ 2010).

Excessive phosphorus loading linked to watershed development has been determined to be a key
factor driving the massive AFA blooms that now dominate UKL in the summer (ODEQ 2002,
NRC 2004). UKL was eutrophic prior to settlement by Anglo-Americans, but is now classified
as being hypereutrophic (highly enriched; ODEQ 2002, Bradbury et al. 2004, Eilers et al. 2004),
due in large part to human manipulations. Riparian and floodplain habitats, which can detain or
alter nutrients throughout the system, have been lost or degraded as a result of ditching and
diking to promote drainage and prevent overbank flows. The relatively high runoff and erosion
in the Sprague River drainage during high flow events have been identified as the major source
of bound phosphorus to UKL, but many external sources contribute to the nutrient loading of
UKL (ODEQ 2002). Ecosystem improvement efforts are implemented regularly to reduce
nutrient loading due to development and land management, but it is unclear to what degree
restoration can reduce nutrient availability because UKL sediments contain large amounts of
phosphorus that continue to support AFA blooms from sources within the lake (NRC 2004;
Kuwabara et al. 2007, 2009).
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Table 7.4 Estimated external phosphorus loading to UKL from various sources (ODEQ 2002).

Percent of Percent of Inflow to Percent of External
Source Area Drainage Area UKL Phosphorus Load
Sprague River 43 33 26
Williamson River 36 18 20
Wood River 4.0 16 19
Seven Mile Creek 1.1 6.5 9.0
Agricultural Discharges 11 2.9 11
Directly into UKL
Precipitation Input 2.8 7.0 2.7
Directly into UKL
Other Sources 16 14 11

7.10.1.5 pH

Because the Klamath River is a weakly buffered system (i.e., has typically low alkalinity <100
mg/L; PacifiCorp 2004, Karuk Tribe of California 2010), it is susceptible to photosynthesis-
driven daily and seasonal swings in pH. In the Upper Klamath Basin, summertime pH levels are
elevated above neutral (i.e., up to 8.2 in the Wood River subbasin and 8.5 to 9.5 in the Sprague
River). These elevated pH levels have been linked primarily to high rates of photosynthesis by
periphyton (ODEQ 2002). During November to April, pH levels in UKL are near neutral
(Aquatic Scientific Resources 2005), but increase to very high levels (>10) in summer. Extended
periods of pH greater than 9 have been associated with large summer algal blooms in UKL
(Kann 2010). On a daily basis, algal photosynthesis can elevate pH levels by up to 2 pH units
over a 24-hour period. Generally, pH in the reach from Link River Dam through the Keno
Reservoir increases from spring to early summer and decreases in the fall; however, there are
site-dependent variations in the observed trend. Peak values can exceed the Oregon Department
of Environmental Quality maximum of 9.0.

7.10.1.6 Algae

In UKL, algae, including blue-green algae, are dominated by large summertime blooms of AFA.
High (i.e., near 300 pg/L) summer chlorophyll-a concentrations in the Keno Reservoir/Lake
Ewauna are due to large populations and associated nutrients of algae, predominantly AFA,
entering the Klamath River from UKL in summer (FERC 2007; Sullivan et al. 2008, 2009,
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2011). Such high concentrations do not persist farther downstream in J.C. Boyle Reservoir;
however, chlorophyll-a concentrations increase again in the two largest reservoirs (i.e., Copco 1
and Iron Gate) in the Klamath Hydroelectric Reach. Seasonal algal blooms and elevated
chlorophyll-a concentrations have been observed in the Klamath Hydroelectric Reach
historically, including a USEPA survey in Iron Gate Reservoir in 1975 that documented algal
blooms in March, July, and October, including diatoms and blue-green algae). More
contemporary data indicates that chlorophyll-a levels in Copco 1 and Iron Gate Reservoirs can
be 2 to 10 times greater than those documented in the mainstem river, although not as high as
those found in the Keno Impoundment/Lake Ewauna (NCRWQCB 2010).

Some cyanobacteria species produce cyanotoxins (e.g., cyclic peptide toxins, such as
microcystin, that act on the liver; alkaloid toxins such as anatoxin-a and saxitoxin, that act on the
nervous system), which can cause irritation, sickness, or, in extreme cases, death to exposed
organisms, including humans (World Health Organization 1999). Species capable of producing
microcystin include Microcystis aeruginosa, while species in the genus Anabaena and AFA can
produce anatoxin-a and saxitoxin, but assays of AFA in UKL indicate that the strain in this lake
do not produce these toxins (Carmichael et al. 2000).

Algal toxins represent a potentially serious threat to suckers in UKL (VanderKooi et al. 2010,
Eldridge et al. 2012), especially microcystin, a liver toxin produced by the cyanobacterium M.
aeruginosa. Microcystin likely enters suckers through the gut as they consume midge larvae
containing the toxin (VanderKooi et al. 2010, Rosen et al. 2011, Eldridge et al. 2012).
Microcystins are actively taken up by the liver in fish where they disrupt normal cellular activity
by inhibiting protein phosphatases, and can ultimately result in widespread cellular death, loss of
liver structure, and mortality (Malbrouck and Kestemont 2006, California Environmental
Protection Agency (CEPA 2009). Due to the limited capacity of fish to detoxify microcystins,
they easily succumb to the toxic effects of elevated microcystin concentrations (Malbrouck and
Kestemont 2006, CEPA 2009). Additional sublethal effects of microcystins include reduced
growth rates and osmoregulation, modified behavior, reduction in immune system and cardiac
function, and histopathological effects in other organs (e.g., intestine, kidneys, heart, spleen, or
gills; Malbrouck and Kestemont 2006, CEPA 2009). Because microcystin is relatively stable,
persisting in situ for months (CEPA 2009), it potentially could accumulate in fish tissues and
have continued adverse effects through the winter (Malbrouck and Kestemont 2006).
Microcystin can also bioaccumulate in aquatic biota (Malbrouck and Kestemont 2006).

Age-0 suckers could be at a greater risk of harm than adult suckers by microcystin because
young life stages of fish are known to be generally more sensitive to toxic compounds
(Malbrouck and Kestemont 2006). Additionally, the mobility of juvenile suckers is limited
compared to adults, and juveniles are often found in shallow areas where wind-blown
cyanobacteria can accumulate, thus exposing them to microcystin.

Microcystin was first reported in UKL in 1996, when an investigation showed significant
microcystin levels in the lake (Gilroy et al. 2000). In 2007 and 2008 microcystin concentrations
reached levels peaked at 17 pg/L, which is greater than the World Health Organization limit for
drinking water (1 pg/L) and above the Oregon Department of Public Health guidelines for
issuing public health advisories (VanderKooi et al. 2010, Eldridge et al. 2012). In 2007,
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examination of juvenile suckers from UKL showed that nearly 50 percent had liver and
gastrointestinal damage consistent with microcystin exposure (VanderKooi et al. 2010,
Densmore et al. 2011, Eldridge et al. 2012).

7.10.1.7 Impacts of Water Quality and Algal Toxins on LRS and SNS

As stated above, the Sprague and Williamson Rivers are listed as impaired under the Clean
Water Act for water temperature and the Sprague River is also listed as impaired for pH and DO.
These designations of impairments are only during the summer and so it is unlikely that these
impairments directly affect the listed suckers, since the fish are only present during the spawning
and outmigration period, which concludes before summer.

The impacts of water quality and algal toxins on suckers in UKL are complex and incompletely
understood. Large fish die-off events, although uncommon, can have a pronounced effect on
population resiliency by killing numerous adults and could affect redundancy by eliminating
entire populations. For example, there were three consecutive fish die-offs in UKL (1995-1997)
that possibly involved tens of thousands of adult suckers (Perkins et al. 2000b). Multiple factors
were likely to blame, but low DO concentrations and perhaps high total ammonia-nitrogen
concentrations were implicated in the die-offs (Perkins et al. 2000b). During the die-off period
in 1996 there was concurrently a M. aeruginosa bloom, which may have been a contributing
factor.

Although massive die-offs appear linked to extremes in water quality (Perkins et al. 2000b), the
impacts of normal annual variations in water quality and algal toxins on sucker populations are
even less well understood. This is especially pertinent to the putative universal disappearance of
juvenile suckers from UKL beginning in August and extending into October (Simon et al. 2011).
Because stressful water quality conditions occur during this same time period (Morace 2007,
Eldridge et al. 2012, B. Martin, USGS, pers. comm., 2012); it is likely that the unnaturally high
rates of age-0 sucker mortality are tied to adverse water quality, including microcystin
concentrations, although other factors, including parasites, entrainment, and predation are also
likely involved, and it is unclear whether the effects from water quality are acute or chronic.

The fact that water quality and microcystin concentrations are highly variable temporally and
spatially in UKL (Morace 2007, Eldridge et al. 2012, B. Martin, USGS, pers. comm., 2012)
suggests that these factors might not be directly responsible for the annual disappearance of age-
0 LRS and SNS. In other words, the variability would produce patchiness in space and time that
would possibly provide adequate conditions for survival of some individuals. However, chronic
or synergistic effects between water quality and predation, disease, and parasites could cause the
high levels of mortality that explains the annual loss of nearly all age-0 juveniles. For example,
predation rates of juvenile suckers by birds might increase as a result of adverse water quality
conditions and microcystin toxicosis, and parasites could also increase bird predation rates, as
discussed below. Possible evidence that this occurs comes from aggregations of fish-eating
birds, including terns, gulls, and pelicans that occur in UKL and the Keno Reservoir when water
quality conditions are poor. Furthermore, entrainment at the A canal increased during periods of
poor water quality in 1997 and 1998 (Gutermuth et al. 2000a, b). Although the annual effect of
poor water quality and algal toxins appears to primarily affect age-0 juveniles, adult suckers
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could also be adversely affected through stress, energy loss, reduced feeding, and lowered
resistance to parasites and disease; however, with their larger energy reserves they apparently
have much higher survival rates than juveniles.

The low numbers of suckers in Keno Reservoir can be attributed to poor water quality in the
summer (Piaskowski 2003). DO levels reach stressful and lethal levels for suckers during July
and August (Piaskowski 2003, Deas and Vaughn 2006, Reclamation 2007). Fish die-offs,
including juvenile suckers, are a regular occurrence in Keno Reservoir (Tinniswood 2006).
There are few, if any, refugial areas in Keno Reservoir and several major diversions from the
water body could serve as emigration corridors (Bennetts 2005, Foster and Bennetts 2006b,
Reclamation 2007) for individuals during poor water quality, effectively removing individuals
from the population.

7.10.2 Upper Klamath Lake and Tributaries Water Quantity and Trend Analyses
The volume of water available in UKL at any one time is based in part on a variety of weather
and climate factors including the amount and timing of precipitation, the percentage of
precipitation occurring as snow versus rain, snow—water equivalent, air temperature, wind speed
and direction, and relative humidity among others. Anthropogenic actions such as groundwater
pumping and surface water diversions in areas tributary to the lake, or from the lake itself, also
affect the available volume of water. For the purposes of this BiOp, these factors are not
described individually because they are expressed jointly as the net inflow of water to UKL.
Direct measurement of flow into UKL is not possible; therefore, net inflow is calculated based
on the change in storage in the lake (change in the volume of water in the lake) and measured
outflow.

Net Inflow = Change in lake storage + measured outflow

Annual net inflow to UKL during the period of record ranged from a low of 596,000 acre-feet
(1992) to a high of 1,978,000 acre-feet (1984). The average and median annual net inflows
during the period of record are 1,246,000 and 1,114,000 acre-feet, respectively. Approximately
47 percent of the annual inflow occurs between October and February, 44 percent between
March and June, and 9 percent between July and September.

The change in storage is calculated based on a weighted average of lake surface elevation at
three widely spaced gages and an elevation-capacity relationship (Appendix A). Outflow from
the lake is measured on the Klamath River below the Link River Dam and at the A Canal
diversion. Losses from evaporation and gains from direct precipitation and groundwater
discharge into the lake are not measured; however, these losses and gains are manifested in the
change in storage.

The primary subbasins draining into UKL are the Sprague, Williamson, and Wood River basins.
The Sprague River flows into the Williamson River near Chiloquin, Oregon, several miles above
the point where the Williamson River flows into UKL. There is a very strong relationship
between flow in the Williamson River below its confluence with the Sprague River and net
inflow to UKL (Garen 2011). Therefore, evaluation of trends in net inflow is enhanced by
understanding trends in flow in the Sprague and Williamson Rivers.
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Evaluation of baseline hydrology involved analyses of data for UKL and the Sprague and
Williamson Rivers. Even though the proposed action was developed based on the 1981 through
2011 period of record (2012 data were not available when the proposed action was developed),
data from water year 2012 and years before 1981 were incorporated into the baseline hydrology
evaluation where applicable. Data sets used for hydrologic analysis included daily observed
flow data for water years 1921 through 2012 in the Sprague River, 1918 through 2012 in the
Williamson River, and 1981 through 2012 in UKL.

The daily data were reduced to median monthly values for seasonal time frames. Median flow
values for each season were calculated from the daily flow values for that season for each year
during the period analyzed. For example, the median for the October through February period
was calculated based on 151 daily flow values (data for February 29 were excluded). For the
March through June period, the median was calculated based on 122 daily flow values. For July
through September, the median was calculated based on 92 daily flow values, and for the water
year it was based on 365 daily flow values.

Trends in median seasonal and water year flow in the Sprague and Williamson rivers and net
inflow into UKL were evaluated by fitting a LOcally WEighted Scatterplot Smoothing
(LOWESS) curve (Helsel and Hirsch 2002) to flow data, and statistical testing for trend using the
Mann-Kendall trend test (Helsel and Hirsch 2002; Helsel et al. 2005). Trends were evaluated
based on the entire period of record for each water body: water years 1921 through 2012 for the
Sprague River, 1918 through 2012 for the Williamson River, and 1981 through 2012 for UKL.
UKL inflow data for water years 1961 through 1980 were not used because daily calculated net
inflows are not available.

LOWESS smoothing emphasizes the shape of the relationship between two sets of variables; and
in this case, the variables are flow volume and time. LOWESS smoothing provides a way to
evaluate changes in data without the constraint of a prior assumption of an equation that best
models the data.

The Mann-Kendall method is a nonparametric trend test that determines whether a statistically
significant upward or downward change in flow has occurred over the period of record.
Nonparametric tests are most appropriate where data are expected to be non-normally distributed
or where a specific distribution is unknown (Helsel and Hirsch 2002). The Mann-Kendall trend
test is superior to simple linear regression because the Mann-Kendall test was developed
specifically to determine if the median, or central value, changes over time (Helsel and Hirsch
2002). The effects of extreme values do not influence Mann-Kendall tests as substantially as
they influence simple linear regression. Flow data are strongly serially correlated, which is a
correlation between a value and previous values in the dataset. Although simple linear
regression and the Mann-Kendall test are biased when serial correlation is present, the use of
monthly medians reduces these effects substantially. In our analysis, the Mann-Kendall
equations test for a monotonic trend (the dependent Y variable changes in a consistent direction)
in the flow data over time (Helsel et al. 2005).

A significance level (alpha) of 0.10 was selected for assessing the Mann-Kendall trend test data.
The alpha does not depend on the data, but is a management decision regarding the level of
significance to be applied to the statistical test results. It is a subjective value used to evaluate
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the risk of concluding a statistically significant trend exists when, in fact, no significant trend
exists (the risk of rejecting the null hypothesis when the null hypothesis is actually true). For
example, an alpha of 0.10 states that a 10 percent risk of incorrectly concluding a trend exists is
acceptable whereas an alpha of 0.01 states the acceptable risk of error is 1 percent. The p-value
calculated by the Mann-Kendall test is compared to the chosen alpha value. The p-value is the
probability that the statistical outcome will occur if no trend exists—it provides an assessment of
the strength of the scientific evidence. Therefore, a p-value less than alpha is determined to be
statistically significant (in other words, a trend exists) and a p-value greater than the alpha is
determined to be not significant (no trend is detectable).

Trends in median seasonal and water year net inflow to UKL during the most recent approximate
two decades (1991 through 2012 and 2001 through 2012 [22 and 12 years, respectively]) almost
universally demonstrate a linear trend of increasing net inflow superimposed on shorter duration
episodes of changing inflow patterns; however, the trends are not statistically significant based
on the criteria discussed below. Conversely, trends in net inflow to UKL during the 1981
through 2012 (32-year) period indicate a statistically significant decline in seasonal and annual
flows. When examined over multiple time frames and in more detail, trends are complex and
suggest both increasing and decreasing net inflows depending on season and the specific set of
years analyzed. In general, median seasonal flows in the Sprague and Williamson rivers have
increased from the early 1920s through 2012. However, that trend changed in the 1940s and
flows in the Sprague and Williamson Rivers exhibit an overall statistically significant decrease
from the 1940s through 2012 (Tables 7.5 through 7.8).

7.10.2.1 Seasonal and Water Year Changes in Sprague and Williamson Rivers and Upper
Klamath Lake Net Inflow

Percent changes in flow in the Sprague and Williamson Rivers and net inflow to UKL for
various seasons over selected time periods are shown in Table 7.5 through Table 7.8. Shading
indicates trends that are statistically significant at the selected alpha of 0.10. Values in un-
shaded cells may indicate a trend, however, the available evidence are insufficient to conclude
there is a trend within the selected significance level.

During the October through February season (Table 7.5), the most striking trend is the
statistically valid decline in flows for the periods beginning in 1941, 1951, 1961, 1971, and 1981,
and ending in 2012. No statistically significant trend is present in the 1991 and 2001 through
2012 periods.

Table 7.5 Percent change in October through February median monthly flows in the Sprague and Williamson
Rivers and net inflow to UKL, 1918 through 2012.

Mann-Kendall Trend Test Results: October through February

Sprague River Williamson River Upper Klamath Lake
Time Period % change p-value' % change p-value' % change | p-value'
0, 0, _ -
1918 or 1921 through 22.4% 0.02 7.2% 0.33
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2012

1931 through 2012 12.6% 0.24 5.4% 0.46 - --
1941 through 2012 -12.0% 0.15 -16.4% 0.06 -- --
1951 through 2012 -26.4% <0.01 -38.5% <0.01 -- --
1961 through 2012 -21.6% 0.02 -30.4% <0.01 -- --
1971 through 2012 -27.3% 0.01 -39.5% <0.01 -- --
1981 through 2012 -21.9% 0.10 -36.8% 0.02 -31.3% 0.02
1991 through 2012 1.4% 0.96 3.3% 0.65 2.5% 0.82
2001 through 2012 -6.6% 0.37 -5.8% 0.54 -4.3% 0.54

'p-value indicates the probability that the change in inflow is caused by chance rather than a trend.
Shading indicates the values considered statistically significant at an alpha of 0.10

During the March through June season (Table 7.6), the sole statistically valid trend is the decline
in flows in the Williamson River for the period from 1951 through 2012.

Table 7.6 Percent change in March through June median monthly flows in the Sprague and Williamson
Rivers and net inflow to UKL, 1918 through 2012.

Mann-Kendall Trend Test Results: March through June

Sprague River Williamson River Upper Klamath Lake
Time Period % change p-value' % change p-value' % change p-value'
1918 or 1921 through | 5 70, 0.28 25.2% 0.19 - -
2012

1931 through 2012 16.2% 0.59 13.3% 0.52 - -
1941 through 2012 -14.9% 0.44 -19.5% 0.25 - -
1951 through 2012 -29.9% 0.17 -35.9% 0.02 - -
1961 through 2012 -8.3% 0.76 -13.4% 0.51 - -
1971 through 2012 -25.5% 0.43 -29.0% 0.16 - -

1981 through 2012 -21.2% 0.57 -24.6% 0.29 -25.3% 0.26

82




1991 through 2012

-2.9%

1.00

3.8%

1.00

10.0%

0.91

2001 through 2012

62.4%

0.37

29.8%

0.37

22.1%

0.19

'p-value indicates the probability that the change in inflow is caused by chance rather than a trend.

Shading indicates the values considered statistically significant at an alpha of 0.10

The most conspicuous July through September trend (Table 7.7), is the statistically valid decline
in flows for the almost all periods except those from 1991 through 2012. The most probable
explanation for July through September declines during years when flows are increasing in other
seasons is irrigation withdrawals. No statistically significant trend is present in the 1991 and
2001 through 2012 periods, except for an increasing trend in the Williamson River in the past

decade.

Table 7.7 Percent change in July through September median monthly flows in the Sprague and Williamson
Rivers and net inflow to UKL, 1918 through 2012.

Mann-Kendall Trend Test Results: July through September

Sprague River Williamson River Upper Klamath Lake
Time Period % change p-value' % change p-value' % change p-value'
1918 or 1921 through

2012 -24.3% 0.01 -17.8% <0.01 - -
1931 through 2012 -23.1% 0.03 -15.0% 0.01 - -
1941 through 2012 -41.5% <0.01 -23.8% <0.01 - -
1951 through 2012 -51.0% <0.01 -31.5% <0.01 - --
1961 through 2012 -42.6% <0.01 -19.5% <0.01 - -
1971 through 2012 -47.3% <0.01 -22.9% 0.01 - -

1981 through 2012 -51.6% 0.02 -14.0% 0.25 -40.3% 0.09

1991 through 2012 -16.9% 0.69 14.4% 0.34 -0.5% 0.96

2001 through 2012 15.9% 0.37 19.2% 0.02 15.5% 0.11

'p-value indicates the probability that the change in inflow is caused by chance rather than a trend.

Shading indicates the values considered statistically significant at an alpha of 0.10
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The overall water year trend (Table 7.8) is strikingly similar to the October through February
season with respect to the pattern and magnitude of statistically valid trends. Both seasons
suggest a trend of increasing flows in the Sprague and Williamson Rivers when the entire record
is examined, and declining trends in the middle to late portions of the 20" Century. No
statistically significant trend is present in the 1991 and 2001 through 2012 periods.

Table 7.8 Percent change in water year median monthly flows in the Sprague and Williamson Rivers and net
inflow to UKL, 1918 through 2012.

Mann-Kendall Trend Test Results: Water Year

Sprague River Williamson River Upper Klamath Lake
Time Period % change p-value' % change p-value' % change p-value'
1918 or 1921 through
2012 26.4% 0.01 8.6% 0.27 - -
1931 through 2012 17.9% 0.16 4.9% 0.50 - -
1941 through 2012 -12.9% 0.18 -17.3% 0.03 -- --
1951 through 2012 -30.0% <0.01 -38.5% <0.01 - -
1961 through 2012 -20.5% 0.04 -28.9% <0.01 - -
1971 through 2012 -25.4% 0.03 -36.0% <0.01 - -
1981 through 2012 -23.3% 0.06 -30.0% 0.04 -30.1% 0.05
1991 through 2012 -8.3% 0.71 10.3% 0.38 7.1% 0.82
2001 through 2012 -5.5% 0.34 3.5% 0.68 17.5% 0.37

'p-value indicates the probability that the change in inflow is caused by chance rather than a trend.
Shading indicates the values considered statistically significant at an alpha of 0.10

Select graphs of water year flow data, LOWESS smooths and Mann-Kendall trends for the
Sprague and Williamson Rivers and UKL are presented below. Graphs of additional time
periods for both water-year and seasonal flow data, smooths, and trends are included in
Appendix D.

7.10.2.1.1 Sprague River
Trends in Sprague River flow for the water year are shown in Figure 7.6 through Figure 7.9.
Each graph shows identical observed median monthly flow data for water years 1921 through
2012. However, the LOWESS smooth and Mann-Kendall trend test data are fit to four different
periods: water years 1921 through 2012, 1981 through 2012, 1991 through 2012, and 2001
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through 2012. Observed data are shown as triangles, LOWESS smooths as solid lines, and
Mann-Kendall trends as dashed lines.

Figure 7.6 Sprague River trends, water years 1921 through 2012.
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Figure 7.7 Sprague River trends, water years 1981 through 2012.
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Figure 7.8 Sprague River trends, water years 1991 through 2012.
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Figure 7.9 Sprague River trends, water years 2001 through 2012.

7.10.2.1.2 Williamson River
Trends in Williamson River flow for the Water Year are shown in Figure 7.10 through Figure
7.13. Each graph shows identical observed median monthly flow data for water years 1918
through 2012. The LOWESS smooth and Mann-Kendall trend test data are fit to four different
periods: water years 1918 through 2012, 1981 through 2012, 1991 through 2012, and 2001
through 2012. Observed data are shown as triangles, LOWESS smooths as solid lines, and
Mann-Kendall trends as dashed lines.
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Figure 7.10 Williamson River trends, water years 1918 through 2012.

Figure 7.11 Williamson River trends, water years 1981 through 2012.
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Figure 7.12 Williamson River trends, water years 1991 through 2012.
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Figure 7.13 Williamson River trends, water years 2001 through 2012.

7.10.2.1.3 Upper Klamath Lake
Trends in UKL net inflow for the water year are shown in Figure 7.14 through Figure 7.16. Each
graph shows identical observed median monthly flow data for water years 1981 through 2012.
The LOWESS smooth and Mann-Kendall trend test data are fit to three different periods: water
years 1981 through 2012, 1991 through 2012, and 2001 through 2012. Observed data are shown
as triangles, LOWESS smooths as solid lines, and Mann-Kendall trends as dashed lines.
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Figure 7.14 UKL trends, water years 1981 through 2012.

Figure 7.15 UKL trends, water years 1991 through 2012.
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Figure 7.16 UKL trends, water years 2001 through 2012.

The results of trend analyses and review of overall inflow data suggest that high and low
extremes of net inflow to UKL have declined during the period of record. Net inflow values
both greater than and less than the median indicate the departure from the median is becoming
less over time (Figure 7.17). In addition, high flow years are moving toward the median at a
faster rate than low flow years. There is no inference of cause and effect in the evaluation of
departure from median and extreme events will undoubtedly occur in the future. However, if
this trend continues, the magnitude of extreme events will be less than occurred in the past.
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Figure 7.17 UKL: net inflow departure from median.

7.10.3 Disease, Parasites, Predation, and Competition

Disease, parasites, and predation are treated together here because they are related in terms of
effects to suckers. For example, fish with external parasites could be infected by pathogens that
enter the fish through a wound, and a fish weakened by disease or parasites could be more
susceptible to predators because it behaves abnormally and may be less able to escape. In the
USFWS 2008 BiOp on the Project (pages 69—72), we discussed aspects of sucker health based
on information available at that time. New information continues to indicate that suckers in
UKL are infected by parasites that cause sucker mortality (Markle et al. 2013).

7.10.3.1 Disease and Parasites

Neascus parasitism in age-0 suckers in has been monitored in UKL by Oregon State University
scientists for two decades (Simon et al. 2012, Markle et al. 2013). SNSs are more frequently
infected, and to a greater degree, than LRSs. Work by Markle and others (2013) indicates that
SNS age-0 juvenile survival in UKL could be reduced by up to 38 percent because of Neascus
infections. This mortality is likely mediated through fish-eating birds. Compared to Neascus,
the parasitic anchor worm Lernea cyprinacea appears to have less of an impact on sucker growth
and survival (Simon et al. 2012).
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Similarly, rates of parasitism and other afflictions appear to be high in Lake Ewauna (Kyger and
Wilkens 2011a). In 2010, 39 percent of suckers collected in Lake Ewauna were parasitized by L.
cyprinacea and 17 percent by lampreys, a vertebrate parasite that preys on both adults and
juveniles (Kyger and Wilkens 2011a). Nearly two-thirds of all suckers captured in 2010
exhibited some kind of physical affliction or abnormality, the most common being blindness,
missing scales, cysts, and damaged or deformed fins and snout.

7.10.3.2 Bird Predation

Fish-eating birds have both direct and indirect effects on suckers. Birds directly affect suckers
by preying on them, and indirectly by serving as the definitive host for trematode parasites that
also infect suckers as intermediate hosts. The upper Klamath Basin has a diverse fish-eating bird
fauna consisting of bald eagles (Haliaeetus leucocephalus), bitterns, herons, and egrets
(Ardeidae), cormorants (Phalacrocorax auritus), ducks (e.g., mergansers [ Mergus spp.] and
goldeneyes [Bucephala spp.]), grebes (Podicipedidae), gulls (Laridae), belted kingfishers
(Megaceryle alcyon), osprey (Panidon haliaetus), pelicans, large shorebirds such as yellowlegs
(Tringa spp.), and terns (Sternidae). Smaller bird species like terns are capable of catching and
consuming only age-0 suckers, while larger birds such as pelicans can capture and ingest even
the largest adult suckers. The effects of bird predation depend in part on bird abundance, size of
birds, their diet, and other factors.

Several sources of data document sucker predation by either pelicans or cormorants in the
Klamath Basin. In 2009 and 2010, over 300 PIT tags were found at islands in Clear Lake, which
are used for nesting and loafing by pelicans and cormorants (Roby and Collis 2011). The
majority of tags (63 percent) were from the SNS; LRSs and KLSs represented 19 percent and 14
percent, respectively, of the tags. The tags represented suckers from UKL and its tributaries,
Keno Reservoir, and Gerber Reservoir and its tributaries, but most tags were from Clear Lake.
The tags were from suckers 3 to 27 in (7 to 69 cm) SL (average = 15 in [39 cm]) in size that were
tagged from 1995 or later. In related research, approximately 20 percent of radio-tagged adult
suckers from both species in Clear Lake were determined to have died as a result of bird
predation (D. Hewitt, USGS, pers. comm., 2012). Additionally, over 100 PIT tags were
recovered from islands in UKL used by nesting birds. Of these, the SNS, LRS, and the KLS
represented 38 percent, 35 percent, and 15 percent of the tags, respectively. All of these PIT tags
came from suckers originally tagged in UKL and the Williamson River.

Currently, we can only state with certainty that bird predation on the LRS and the SNS is
occurring and it likely includes all life stages, including consumption of eggs by ducks at
shoreline-spring spawning areas. Although it is difficult to quantify how bird predation affects
sucker populations, it potentially could include a high percentage of mortality. Bird predation
might have the most effect in Clear Lake because that is where most of the Klamath Basin’s
pelicans nest and because suckers, especially the SNS because of its long-distance migration,
would be vulnerable during spawning migration through the relatively restricted migration
corridor.
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7.10.3.3 Competition and Predation by Nonnative Fishes

Historically, the LRS and the SNS co-occurred with at least 10 native fishes, which potentially
interacted with the suckers as predators or competitors. Now, the Upper Klamath Basin fauna
includes 20 nonnative fishes, many of which comprise a significant portion of the fish
community (Scoppettone and Vinyard 1991). The nonnative fish species most likely to
adversely affect the LRS and the SNS are the fathead minnow and yellow perch. These fishes
are believed to prey on young suckers and compete with them for food or space (Markle and
Dunsmoor 2007); although, specifics are unavailable. Given the very high abundances of
fathead minnow known to occur in UKL, Lake Ewauna, and other areas, this interaction may be
significant for early life stages of the LRS and the SNS.

7.10.3.4 Entrainment of LRS and SNS at the Outlet of UKL

Suckers of all life-stages are entrained at the Link River Dam and larval suckers are entrained at
the A canal, both located at the outlet of UKL. The effects of entrainment on LRS and SNS have
been described in previous consultations, the most recent being in 2008 (USFWS 2008, pages
72-76 and 127-135). Because that topic has been covered recently, we incorporate that
information by reference. Entrainment causes the largest quantified loss of LRS and SNS and is
estimated to involve millions of larvae and tens of thousands of juveniles (Gutermuth et al. 2000;
USFWS 2008). Entrainment of planktonic sucker larvae in UKL is thought to be related to drift
and wind-driven circulation patterns (USFWS 2008), but entrainment of juvenile suckers that are
more bottom-oriented is likely more complex and is probably affected by multiple factors.
Juvenile suckers that are entrained at the A Canal and Link River Dam could be dispersing,
showing an avoidance response to poor habitat conditions, or a combination of these and other
factors. Gutermuth et al. (2000a, b) found that entrainment of suckers at the Link River was
higher during poor water quality events and thus leaving the lake could be an avoidance response
because fish tend to avoid unfavorable conditions, such as low DO or high water temperatures
(Sullivan et al. 2003).

Entrainment is more likely to occur now, compared to the pre-Project condition, because when
Link River Dam was constructed, deep channels were cut through the reefs at the outlet of the
lake (USBR 2001a). The reef closest to the lake was located at Putnam’s Point. The historical
reef had a minimum elevation of approximately 4,137 ft (1,261 m), although most of the
historical reef surface was at 4,140 ft (1,262 m), thus restricting downstream flows at this
elevation (USBR, unpublished data). When the Link River Dam was built, it was determined
that raising the lake more than a few feet would not be possible because of the risk it posed to
existing dikes around the lake. Therefore, in order to maintain a sufficient water supply for
agriculture, plans were put in place to lower the lake below its normal 2 ft (less than 1 m) range.
In1921, to allow for lake levels to be drawn lower and to increase channel capacity, a cut about 8
ft (2.4 m) deep and 100 ft (30 m) wide was made through the upper reef near Putnam’s Point to
an elevation of 4,131 ft (1,259 m; Boyle 1987). Downstream, a second reef located above the
current dam had a low point at 4,137 ft (1,261 m), but most of the cross-sectional area was at an
elevation of about 4,139 ft (1,262 m). Two cuts were made in this reef near the ends of the dam
to increase flow and enable the lake to be lowered. The pre-Project water depths over both reefs
mostly would have been only 1 to 2 ft (less than 1 m) in August and September when juveniles
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were present; now depths are 7 to 9 ft (less than 3 m) in the cuts. The shallow depths over much
of the reefs likely reduced downstream movement of juvenile and adult suckers from UKL, but
may have had no effect on larvae, which are weaker swimmers and surface oriented.

Hydraulic surveys made during July and September 1998 measured current velocities of up to 2
cfs (0.06 m*/sec) in the area of the Link River upstream from the A Canal (Wahl and Vermeyen
1998; USFWS 2008, Figure 4-6). These flows are about twice the 1 ft/s (0.3 m/s) critical
swimming speed (or approximately five body lengths per second) for age-0 juvenile suckers
about 2.4 in (6 cm) in length (Delonay and Little 1997, Sechrist and Sutphin 2011), thus once
small suckers get into the upper Link River above the dam, many, if not most, are likely swept
downstream to the dam and then into the Keno Reservoir. We have no data regarding the current
velocities prior to construction of the deep channels through the natural reef at the outlet of UKL.
However, as noted above, the natural structure and elevation of this reef likely limited natural
downstream migration of juvenile and adult suckers.

Based on studies at the outlet of UKL, most age-0 juvenile sucker losses from the lake that result
from emigration and entrainment at the UKL outlet occur in July through October, with a peak in
August and September (Gutermuth et al. 2000a, b; Foster and Bennetts 2006; Tyler 2007;
Korson et al. 2011; Korson and Kyger 2012).

As a natural part of sucker life history in UKL, young suckers likely dispersed downstream from
UKL to rear in Lower Klamath Lake and then returned to UKL as adults. That cycle was broken
when access to Lower Klamath Lake was blocked by the construction of the railroad
embankment in the early 1900s (Weddell 2000, Foster 2002). Further disruption of the dispersal
patter from UKL to Lower Klamath occurred with the construction of the Link River Dam in the
early 1920s. Now, most suckers that are entrained at the Link River Dam are considered lost to
the breeding populations in UKL (USFWS 2007c, 2008); although, small numbers of adults
annually return to UKL via the new fish ladder (Kyger and Wilkens 2010a).

Larval and juvenile survival in Keno Reservoir is low, probably due to the poor water quality
and degradation, as described above, and loss of lake and wetland habitat due to agriculture
conversion, railway construction, and near constant water level management (USFWS 2007c¢,
2008). Adult suckers in Keno Reservoir appear to avoid adverse water quality in the reservoir by
moving into the Link River (Piaskowski 2003); they can re-enter UKL via the new fish ladder,
but it is unknown to what extent smaller suckers are able to avoid adverse conditions in the Keno
Reservoir so that they can survive and recruit into the adult population. Juvenile suckers are
known to use marshes in Keno Reservoir; in 2010, Reclamation biologists captured 70 age-0
juvenile suckers in the largest remaining marsh, Tule Smoke (Phillips et al. 2011). However,
because DO levels reached potentially lethal concentrations below 2 mg/L numerous times
during the study, it is doubtful that this habitat consistently provides conditions necessary for
sucker survival under current conditions.

7.10.4 Synergistic Effects of Water Quality, Parasites, Predation, Disease, and
Entrainment on Juvenile Suckers in UKL
The available information discussed above suggest that a mid-to-late summer cascading series of
events are likely responsible, in part, for the disappearance of age-0 juvenile suckers in UKL.
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By late July, surviving larval suckers have metamorphosed into age-0 juveniles. Water quality
has become highly dynamic, with wide daily swings in DO, pH, and total ammonia, which cause
stress in the fish. Water temperatures peak at this time, reducing the capacity of the water to
hold DO in solution. Higher temperatures also raise energy demands of fish, thus adding stress.
Cyanotoxins can also be present at this time and, when concentrations are high, they damage the
gut and liver, impacting the health of the fish, and leading to stress or mortality. Parasites,
including protozoans like Tricodina, the copepod Lernaea, and the trematode Neascus, are also
attacking the juveniles, adding additional stress and mortality. When fish are highly stressed and
water temperatures high, protozoan parasites can multiply quickly, causing death in a few days.
Additionally, in August and September, lake levels are declining and preferred habitats where
food might be most abundant are disappearing, perhaps causing the juveniles suckers to relocate
to areas where food might be less abundant. This movement also expends energy and further
stresses the fish, and could increase their exposure to predators, especially fish-eating birds. Of
those juveniles that survive, many end up at the south end of the lake and are entrained at the
Link River Dam or in the forebay of the A Canal. Consequently, by early fall, very few
juveniles survive in most years to enter the adult population 4 to 7 years later.

Table 7.9 Threats to the LRS and the SNS in UKL.

Threat Nature of Life Stage Primary Effect | Mitigating References
Threat Affected Factor(s)
Entrainment at | Mortality and | Mostly affects Studies show Will only Gutermuth et
Link River loss from larvae and age-0 | this occurs affect larvae al. 2000a, b
population juveniles annually, but and juveniles at
extent varies south end of
among years UKL
Low Mortality or Juveniles and Good evidence | Lethal Perkins et al.
Dissolved stress and adults mostly that this led to conditions are | 2000b
Oxygen reduced due to timing die-offs in variable in time
Concentrations | productivity 1990s and space and
are unlikely to
cover large
areas of the
lake;
fish should be
able to avoid
affected areas
to some degree
High Total Mortality or Juveniles and New analyses Lethal B. Martin,
Ammonia stress and adults mostly show water conditions are | USGS, pers.
Concentrations | reduced due to timing quality exceeds | variable in time | comm., 2012
productivity LCs values and space and
more than any are unlikely to
other parameter | cover large
areas of the
lake;
fish should be
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Threat Nature of Life Stage Primary Effect | Mitigating References
Threat Affected Factor(s)
able to avoid
affected areas
to some degree
High pH Mortality or All life stages pH reaches >10 | Unlikely to
stress and reach lethal
reduced levels and is
productivity temporary and
localized, and
fish can avoid
affected areas
High Water Mortality or Juveniles and Temperature Highly
Temperatures | stress and adults mostly reaches >28 °C | unlikely to
reduced reach lethal
productivity levels and is
temporary and
localized, and
fish can avoid
affected areas
Algal Toxins | Mortality or Unknown but Some aspects Extent of effect | VanderKooi
stress and believed to be studied not known and | et al. 2010
reduced predominantly including;: annual
productivity juveniles presence in variability in
UKL, route of time and space
entry, presence | unknown
in gut, and
tissue damage
consistent with
known effects of
microcystin
Parasites Stress and All life stages Documented Diversity of Simon and
reduced likely affected present for parasites and Markle 2004,
productivity but may have several species | overall effects | Simon et al.
greater effect on | and effects of not well known | 2011, Markle
age-0 Neascus et al. 2013
determined for
SNS
Disease Mortality, All life stages Documented Appears to be | Foott et al.
stress, and likely affected present mostly a 2007
reduced but may have concern when
productivity greater effect on fish are highly
age-0 stressed by
other factors;
difficult to
duplicate in the
lab
Predation Mortality All life stages Documented Effects not Dunsmoor
but especially present well and Markle
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Threat Nature of Life Stage Primary Effect | Mitigating References
Threat Affected Factor(s)
age-0 documented 2007, Roby
especially at and Collis
population 2011
level, but birds
are known
predators

7.10.5 Effects of Ecosystem Restoration and Recovery Actions for the LRS and the
SNS

Since the early 1990s, the USFWS, Reclamation, NRCS, the State of Oregon, the Klamath
Tribes, The Nature Conservancy, Klamath water users, other partners, and private landowners
have been working to improve water quality and aquatic habitat conditions in the upper Klamath
River Basin to support the recovery of the LRS and the SNS. Major habitat restoration efforts
focusing on the endangered suckers have been completed or initiated. These include: (1)
enhancement of thousands of acres of wetlands adjacent to UKL and in the watershed above the
lake; (2) removal of Chiloquin Dam; (3) screening of the outlet of Clear Lake Dam; (4)
construction of a new fish ladder at Link River Dam; and (5) screening of the A Canal.

7.10.5.1 Wetland Restoration in UKL

The re-establishment of approximately 2,600 ac (1,050 ha) of shallow water habitat at the
Williamson River Delta, which is likely to be become emergent marsh (Elseroad 2004), is
expected to provide good habitat for larval suckers, and will perhaps increase survivorship and
reduce vagrancy and dispersal out of UKL where survival is currently minimal (Crandall et al.
2008; Hendrixson 2008; Markle et al. 2009; Erdman et al. 2010, 2011). Monitoring has shown
that larval suckers are extensively using a variety of microhabitats in the newly reconnected
wetlands; they have a greater gut-fullness, and in some years are larger, than larvae in the lake
(Crandall et al. 2008; Erdman and Hendrixson 2010, 2011). Additionally, restoration at the
Williamson River Delta altered the path water takes when it reaches the lake, which appears to
have affected the distribution of larvae, making it less likely they will be transported out of the
lake (Simon et al. 2012). On the potentially negative side: in some years habitat used by larval
suckers becomes dewatered by mid-July; a large number of nonnative fish, including six species
that could prey on larval suckers and three that could prey on juveniles, occur in the Williamson
River Delta; catch rates of age-0 suckers decline to near zero by September; and water quality in
areas with deep-water emergent and transitional wetlands is poor in late summer (TNC 2009,
Burdick 2012, Burdick and Hewitt 2012). Additionally, wetland habitats in the Delta provide
habitat for snails that could be one source of parasitic trematodes now infecting juvenile suckers.

Agency Lake Ranch and the Barnes properties (9,800 ac [4,000 ha]) along the northern and
northwestern shores of Agency Lake were acquired by Reclamation and used as water storage
areas, but are now managed as a part of the Upper Klamath NWR. Levees along these properties
could be breached within the next 10 years; however, because of subsidence, much of the
property will be too deep to maintain emergent wetland vegetation used by young suckers and
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will become open-water habitat. At maximum lake elevation only about 800 ac (320 ha) are
likely to be suitable for the development of emergent vegetation, based on depth preferences of
local emergent plant species distributed around UKL (Elseroad 2004).

It is not understood how fish will use these future wetland habitats on the Agency Lake Ranch
and Barnes properties if they are opened to the lake, but larval and juvenile sucker monitoring in
Agency Lake and Upper Klamath NWR (both adjacent to Agency Lake Ranch and Barnes) have
detected low abundances of the LRS and the SNS (Buettner 2002, Terwilliger et al. 2004,
Mulligan and Mulligan 2007).

7.10.5.2 Habitat Restoration and Enhancement in UKL Tributaries

The USFWS, NRCS, Klamath Tribes, and other State and local entities have focused watershed
restoration and land and water conservation activities in the Sprague River watershed since
2002. There have been approximately 700 ac (280 ha) of wetland restored, 123 mi (198 km) of
riparian fencing installed, 24 mi (39 km) of river channel realigned, stabilized or enhanced, 10
mi (16 km) of riparian planting, and four spring complexes reconnected and enhanced. Fish
passage barrier removal and/or screening has occurred at 10 sites on the mainstem or tributary
streams, including the removal of the Chiloquin Dam, which was a major barrier to fish passage
upstream. Approximately 9,640 ac (3,900 ha) of floodplain habitat has been enrolled in
permanent easements under the NRCS Wetland Reserve Program and Conservation Reserve
Enhancement Program. NRCS has restored over 2,000 ac (800 ha) of wetland habitat and
conserved several thousand acre-feet of on-farm water. More than 70 percent of the private
lands in the Sprague River Valley are partnering with local, State, and Federal agencies on land
conservation and natural resource actions.

Restoration projects on other tributaries to UKL have been completed by the USFWS.
Additional restoration efforts have also been made by many other private, Federal, State, or local
entities but we do not have data for these efforts. The acreages and other numbers listed below
reflect the data available to us through USFWS’ “Partners for Fish and Wildlife Program.” The
Wood River has had approximately 110 ac (45 ha) of wetlands restored or enhanced, 1 mi (1.6
km) of riparian fenced, 4 mi (6 km) of channel enhanced, and two diversions screened. Other
tributaries to UKL (including Fourmile Creek, Crane Creek and Sevenmile Creek) have
accomplished restoration of over 500 ac (200 ha) of wetlands (including several shoreline
wetland projects on the southeastern portion of the lake), 15 mi (24 km) of fencing, 9 mi (15 km)
of channel restoration or enhancement, two springs enhanced, nine fish passage barriers removed
or diversions screened, and over 4 mi (6 km) of riparian plantings. NRCS has 8,894 ac (33,599
ha) of floodplain habitat currently enrolled in easements throughout this area.

It is difficult to quantify the effects these restoration activities have on the populations of the
LRS and SNS, because more time is required in some cases and because the effects of ecosystem
restoration are often diffuse in nature; nevertheless, recent data provide some insight. Kann and
Walker (2012) observed a statistically significant decline in phosphorus inputs into UKL from
1992-2010, which is anticipated will affect blue-green algae dynamics in ways that are beneficial
to suckers. Likewise, sucker larvae utilizing the restored Williamson River delta (Erdman et al.
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2011) and increased adult spawning migrations upstream of the former Chiloquin Dam site
(Martin et al. 2013) have been documented.

7.10.5.2.1 Chiloquin Dam Removal
In 2008, Reclamation and the Bureau of Indian Affairs removed Chiloquin Dam located near the
confluence of the Sprague and Williamson Rivers. This action was expected to increase sucker
access to habitats in the Sprague River watershed as far upstream as Beatty where listed sucker
spawning and rearing have been documented (Ellsworth et al. 2007, Tyler et al. 2007).
However, monitoring results suggest that the upstream extent of spawning by the LRS and the
SNS has not substantially changed since the dam was removed, and most of their spawning
continues to occur below the former dam site (Ellsworth and Martin 2012).

7.10.5.2.2 A Canal Fish Screen and Fish Bypass Facility
Reclamation completed construction of a state-of-the-art fish screen at the entrance to the A
Canal in UKL in 2003 to reduce the high rates of fish entrainment known to occur at this
diversion site. LRS and SNS larvae and juvenile life stages were particularly vulnerable to
entrainment at A Canal before the screen was installed (Gutermuth et al. 2000a). The screen is
designed to protect most age-0 juveniles (greater than 1.2 in (30 mm) total length) and subadult
suckers that pass through the trash rack openings. Although the screen mesh openings are large
enough to allow larval suckers to pass, the hydraulic conditions that create positive sweeping
flows across the screen surface guide approximately 50 percent of the larvae into the bypass and
back into UKL (Bennetts et al. 2004). However, because the A Canal bypass discharges back
into UKL just upstream of Link River Dam, it is likely that most of the bypassed larval suckers
continue to disperse downstream out of UKL. The fate of juvenile and subadult suckers
bypassed at A Canal is also unknown, but more are likely to return to UKL, especially adults.

7.10.5.2.3 Link River Fish Ladder

Reclamation constructed a new vertical slot fish ladder at Link River Dam in December 2004.
The new ladder was specifically designed to allow suckers, which are not strong jumpers, to
easily swim through the slots and migrate above Link River Dam (Reclamation 2002b). Limited
monitoring of suckers has been conducted using radio and remote PIT tag receivers
(Reclamation 2007, Korson et al. 2008, Kyger and Wilkens 2011a). Between 2008 and 2011, a
total of 69 PIT-tagged suckers were detected passing antennas positioned in the fish ladder. The
numbers were about equally divided between the LRS and the SNS, although SNSs have
dominated catches in Lake Ewauna. Assuming there are 2,000 adult suckers in the Keno
Reservoir and that the tagged fish are representative of upstream movement by this population,
fewer than 1 percent of the adult LRS and SNS populations in Keno Reservoir move upstream
each year (Kyger and Wilkens 2010a). The reason for this is unknown.

7.10.5.3 Scientific Take Under Section 11 of the Endangered Species Act

Section 11 of the Act authorizes scientific permits for research or to enhance the survival and
recovery of listed species. The USFWS issues research permits under conditions that are
protective of sucker populations. To date, we have no information that supports a finding that
these research activities are detrimental to the affected sucker populations. Additionally, the
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Oregon Department of Fish and Wildlife requires scientific take permits that are reviewed to
ensure there is minimal impact to native fish populations.

7.10.6 Conclusions Regarding the Ability of the Action Area to Support LRS and SNS
Conservation

The recovery plan for the LRS and the SNS establishes a strategy that is intended to produce
healthy, self-sustaining populations of the LRS and the SNS within the action area by reducing
sucker mortality; restoring habitat, including sucker spawning, larval, and juvenile habitats; and
increasing connectivity between sucker spawning and rearing habitats (USFWS 2013).
Recovery also involves ameliorating the adverse effects of degraded water quality, disease, and
nonnative fish on LRS and SNS populations. The recovery goal is to produce naturally self-
sustaining populations that possess healthy long-term demographic traits and trends (USFWS
2013).

UKL is especially critical to the conservation of the LRS and the SNS because it provides the
most habitat and has the greatest variety of spawning sites. Currently, the largest population of
the LRS is found in UKL and its tributaries. It is possible that UKL supported the largest SNS
population, but its abundance there has decreased substantially from a decade ago (Hewitt et al.
2012). Even though the LRS and the SNS are dependent on UKL during nearly every life stage,
conditions in the lake are seasonally adverse due to poor water quality, algal toxins, and other
factors. Suckers stressed by poor water quality are more vulnerable to disease, predators, and
entrainment. There is also a variety of parasites in the lake that reduce sucker survival. Habitat
conditions also have been degraded by loss of wetlands. Substantial entrainment of larval and
juvenile suckers occurs at the outlet of UKL. The nearly universal disappearance of juvenile
suckers from UKL beginning in August and extending into October (Simon et al. 2011), likely in
response to the synergistic effects of the above factors, has precluded adequate recruitment into
the adult populations of the LRS and the SNS in UKL in over a decade; neither the LRS or the
SNS populations in UKL exhibit normal population demographic patterns and are not self-
sustaining. This lack of recruitment is increasing the risk for a collapse and extirpation of the
LRS and the SNS from UKL as the older adult populations continue to age and die.

Keno Reservoir and the downstream hydroelectric reservoirs are highly altered systems that
currently support small sucker populations, mostly of the SNS. All of these areas provide
recovery benefits by adding redundancy, but currently they do not support self-sustaining
populations because of habitat limitations. Because Keno Reservoir is downstream of UKL, and
large numbers of suckers disperse there from upstream, it has the potential to provide rearing
habitat for suckers that ultimately could migrate back to UKL. Nevertheless, habitat and water
quality conditions in the Keno Reservoir are seasonally adverse, and are unlikely to change
substantially over the next decade.

Climate change is having a small but measureable effect over the entire Klamath River Basin.
Air and water temperatures are increasing, and inflows to UKL are diminishing, at least during
the summer to early winter period. The effects of climate change on air and water temperatures
and on the magnitude, duration, and timing of inflows to UKL are expected to get more severe in
the future (Flint and Flint 2011, Markstrom et al. 2011).
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Based on the best available information on the range-wide status of the LRS and the SNS and the
factors influencing that status, the USFWS concludes that the LRS and the SNS are critically
endangered due to the lack of population resiliency and redundancy, and are at a high risk of
extinction unless and until sufficient amounts of recruitment occur into the adult breeding
populations of both species to more normalize population age structure, demographic patterns,
and relative distribution within the Klamath River Basin. Although considerable efforts have
been made to reduce the threats to the LRS and the SNS, all of the threats discussed above are
extremely difficult to address in the short-term, or, like climate change, cannot be reduced, and
consequently are unlikely to be substantially ameliorated in the near future.

7.11 Habitat Conditions and Status of the Species within the Lost River Recovery Unit

This section will address habitat conditions and factors affecting conditions for LRS and SNS
within the east side of the action area, which includes the Lost River Basin. The east side of the
Project consists of Langell Valley and Horsefly Irrigation Districts. Reclamation operates Clear
Lake and Gerber Reservoirs to provide irrigation water to Langell Valley and Horsefly Irrigation
District customers and other Project water users (Reclamation 2012). Although the proposed
action include Tule Lake as part of the west side, USFWS revised recovery plan includes Tule
Lake in the Lost River Recovery Unit; therefore, for the purposes of this analysis, we will
discuss baseline conditions for Tule Lake in this section.

SNS are found throughout the Lost River sub-basin, including Gerber Reservoir, the Lost River,
Tule Lake, and Clear Lake, where the largest range-wide population might occur. LRS are
present in Clear Lake and Tule Lake, but not in large numbers, are in very low numbers in the
Lost River, and are not present in Gerber Reservoir. The only habitats occupied by LRS and
SN that are not included in the east side of the action area are tributaries of the Project
reservoirs, e.g., Willow Creek above Clear Lake, and Barnes Valley and Ben Hall Creeks above
Gerber Reservoir.

The east side of the action area overlaps the Lost River Recovery Unit for the suckers, with the
exception of Tule Lake, but discussed here for purposes of the analysis. As was discussed in
section 7.4.2, the Lost River Recovery Unit is also subdivided into four management units: Clear
Lake, Tule Lake, Gerber Reservoir (SNS only), and the Lost River proper.

The recently revised recovery plan for the LRS and SNS states that their most immediate threats
are the absence of resiliency and redundancy (USFWS 2013). In this context, resiliency is the
ability of a population or species to rebound after stressful environmental conditions, such as
adverse water quality, increased predation, disease, drought, or climate change. Redundancy, in
this context, involves multiple populations spread over the landscape to reduce the likelihood of
simultaneous extirpation from catastrophic events, such as adverse water quality, drought, or
disease. Therefore, a focus of this discussion is to determine how the baseline conditions in the
action area affect the ability of multiple LRS and SNS populations to respond and persist in a
changing and adverse environment.
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7.11.1 Clear Lake
The major known threats to LRS and SNS in Clear Lake are prolonged drought and bird
predation. Entrainment might also be a threat, but has not been studied. Water quality and
disease are not normally issues at Clear Lake but, during droughts and periods with low lake
levels, parasitism and food abundance might be factors adversely affecting suckers. The effects
of drought on suckers in Clear Lake were covered in previous consultations, the most recent
being the USFWS 2008 BO and Reclamation’s 2012 BA, which has a lengthy description of
Clear Lake hydrology and the effects of drought. Because there are several recent hydrologic
baseline analyses for Clear Lake, we will focus only on the main points here (USFWS 2002,
2008, Sutton and Ferrari 2010).

Periodic low inflows into Clear Lake, combined with irrigation diversions, high seepage, and
evaporative losses, can result in low water levels during multiyear droughts, as experienced in
2009-2010. During drought conditions the lake level continues to decline as a result of
evaporation and seepage, even without irrigation releases. This is because annual April through
October evaporative and seepage losses from Clear Lake average approximately 44,000 acre-feet
while seasonal irrigation releases average about 38,000 acre-feet (Reclamation, unpublished
data).

Low lake levels can adversely affect LRS and SNS by limiting access to Willow Creek, the only
known spawning area for the suckers in Clear Lake (USFWS 2002, 2008). A minimum lake
level of about 4,524.00 ft (1,378.92 m) is believed necessary to provide spawning access to the
creek (Reclamation 2003, USFWS 2008). Impaired access to Willow Creek can prohibit or
reduce sucker reproduction at Clear Lake in any given year. A survey of hydrologic connectivity
of lower Willow Creek, the channel between the east lobe of Clear Lake and Clear Lake Dam,
and the channel between the east and west lobes of Clear Lake, indicated that a hydrologic
control point at an elevation of 4,521.70 ft (1,378.21 m) exists between the east lobe and the
mouth of Willow Creek (Sutton and Ferrari 2010). A functional disconnect occurs between
surface waters of the east lobe and the dam, including the mouth to Willow Creek, when the east
lobe of Clear Lake drops below an elevation of about 4,522.00 ft (1,378.31 m; Sutton and Ferrari
2010). At a lake elevation of 4,525.00 ft (1,379.22 m), this hydrologic control is inundated with
approximately 3 ft (less than 1 m) of water, which available information indicates is sufficient
for passage by adult suckers, but still so shallow that it could expose them to pelican predation.

Detections of passive integrated transponder (PIT)-tagged adult suckers in Willow Creek in
relation to lake elevations measured at the dam indicate that LRS and SNS movement into
Willow Creek from 2006 through 2011 appears to be predominantly a function of Willow Creek
discharge. Adult suckers appear to enter the creek on a cue of creek discharge, but lake elevation
may also play an important role in some years (Barry et al. 2009; USBR 2012). In years with
higher lake elevation relatively large numbers of tagged suckers were detected in spawning runs.
However, in years when there are no substantial inflows, spawning migrations are relatively
small in numbers regardless of lake elevations. The number (n = 121) of PIT-tagged adult
suckers detected in Willow Creek in 2007 was 7 and 9.5 times lower than in 2006 and 2008,
respectively (Barry et al. 2009). Water levels in Clear Lake on February 1, 2007 were relatively
high (4528.21 feet [1380.20 m]), but the flows through April 29 were very low, increasing the
overall water level by only 5 inches (12.5 cm), even though no withdrawals were occurring. In
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contrast, water levels began 1.5 ft (0.5 m) lower in 2006 than in 2007, and water levels were
lower in 2008 than 2007 through the entire spawning season, but both of these years still had
much higher numbers during the spawning runs. The difference is that flows were much higher
during 2006 and 2008 than 2007, increasing the overall Clear Lake water levels during the
spawning season by 5 ft (1.5 m) and 3.5 ft (1.1 m), respectively.

The patterns observed during 2006 and 2008 suggest that even if Clear Lake levels are low early
in the season but inflows are high, water levels can rise quickly by the time suckers need to enter
the creek for spawning. Similar patterns occurred in 2011 as well (USBR 2012). Thus, it
appears that low lake levels per se are not a determining factor for spawning in some years.
Nevertheless, Clear Lake water elevations may be important during years with flows that could
be sufficient to encourage runs but insufficient to substantially increase lake levels. More
observation and monitoring must be completed to more fully understand this relationship.

An evaluation of the surface elevations for Clear Lake during the February through May
spawning period during the POR, shows surface elevations were above 4,525.00 ft (1,379.22 m)
80 percent of the time (Table 7.10).

Table 7.10 Clear Lake elevation exceedances February through May. POR =1903-2012. (Reclamation 2012

BA, Table 6-3).

Exceedance February March April May
(Percent) (Feet) (Feet) (Feet) (Feet)
95 4,521.47 (1,378.14 4,522.75 4,523.03 4,522.57 (1,378.48
m) (1,378.53 m) (1,378.62 m) m)
90 4,523.04 (1,378.62 4,524.32 4,525.05 4,524.76 (1,379.15
m) (1,379.01 m) (1,379.24 m) m)
35 4,524.33 (1379.02 4,525.90 4,526.04 4,525.69 (1,379.43
m) (1,379.49 m) (1,379.54 m) m)
80 4,525.37(1,379.33 4,526.58 4,527.33(1379.93 | 4,526.84 (1,379.78
m) (1,379.70 m) m) m)
75 4,526.00 (1379.53 4,527.15 4,528.51 4,527.73 (1,380.05
m) (1,379.88 m) (1,380.29 m) m)
70 4,526.71 (1379.74 4,527.70 4,528.85 4,528.75 (1,380.36
m) (1,380.04 m) (1,380.39 m) m)
65 4,527.37 (1,379.94 4,528.69 4,529.60 4,529.34 (1,380.54
m) (1,380.35 m) (1,380.62 m) m)
60 4,528.30 (1,380.23 4,529.79 4,530.94 4,530.55 (1,380.91
m) (1,380.68 m) (1,381.03 m) m)
33 4,529.63 (1,380.63 4,530.60 4,531.52 4,531.12 (1,381.09
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m) (1,380.93 m) (1,381.21 m) m)

4,530.41 (1,380.87 4,531.28 4,532.28 4,532.05 (1,381.37

30 m) (1,381.13 m) (1,381.44 m) m)

During droughts, suckers concentrated in shallow water are likely to experience increased rates
of disease, parasitism, and bird predation (USFWS 2008). It is also reasonable to assume that
the resulting high densities of fish could deplete the food supply, causing additional stress, loss
of productivity, and possible mortality. In 1992, when Clear Lake elevation reached a minimum
0f'4,519.40 ft (1,377.51 m) in October, suckers showed signs of stress by the following spring,
including low body weight, poor gonadal development, reduced juvenile growth rates, and high
incidence of external parasites and lamprey wounds (Reclamation 1994). At higher lake levels
in 1993 to 1995, overall fish body conditions improved, with increased body weight and fewer
external parasites and lamprey wounds observed (Scoppettone et al. 1995).

Bird predation on LRS and SNS in Clear Lake appears substantial. For example, in 2010 and
2011, there was evidence that 20 percent of suckers fitted with radio transmitters were consumed
by either pelicans or cormorants. Because this number was based only on transmitters recovered
from nesting colonies, and transmitters might have been deposited elsewhere, this value is
considered the minimal predation rate (Hewitt, USGS, pers. comm. 2012) experienced by
suckers during this time period.

Bird predation is likely to be more intense during periods of low water levels because the
shallow depths would enable pelicans to reach suckers in depths of less than 3 ft (less than 1 m).
Additionally, suckers are vulnerable to bird predation during spawning migrations, especially if
flows in Willow Creek decline sharply during migration, stranding suckers and making them
more visible. Although SNS might be most vulnerable to bird predation because of their longer
migration in Willow Creek, the larger size of LRS could make them more vulnerable throughout
the year because they are more easily detected. Additional studies are needed to determine the
full effect of bird predation on these populations.

Prolonged drought coupled with irrigation diversions, seepage, and evaporation results in a
substantial reduction in lake surface area and depth, and likely poses a threat to LRS and SNS.
Missing year-classes is likely evidence of these threats. Other potential threats at Clear Lake
include entrainment and stranding below the dam once irrigation diversions are terminated, but
no studies have been done to document these, so their effects are unknown.

7.11.2 Gerber Reservoir
The only listed suckers known to be present in Gerber Reservoir and its tributaries are SNS. The
primary known threat to SNS populations in Gerber Reservoir is an extended multiple-year
drought that would result in low lake levels that could initiate a fish die-off during the late
summer and fall, or during prolonged ice cover conditions in the winter (USFWS 2008);
however, these conditions have not occurred to date. During 1986 through 2004, irrigation
releases measured through Gerber Dam were 31,000 acre-feet from April through October, with
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evaporation and seepage estimated at 17,000 acre-feet for the same period (Reclamation,
unpublished data).

Adult spawning principally occurs in Barnes Valley and Ben Hall Creeks. Access to these
creeks is believed to require a minimum surface elevation of about 4,805.00 ft (1,464.56 m)
during the February through May spawning period (USFWS 2008). Based on the POR (Table
7.11), lake levels are likely to provide access into spawning tributaries in all but the driest years.
Additionally, during very dry years both Barnes Valley and Ben Hall Creeks typically have low
spring flows that may not provide adequate upstream passage for spawning adults regardless of
lake elevations (Reclamation 2001a). Thus, low lake levels during the POR have not likely
impeded spawning.

Table 7.11 Gerber Reservoir elevation exceedances, February through May. POR =1925-2012 (Reclamation

2012, Table 6-4).

Exceedance February March April May
(Percent) (Feet) (Feet) (Feet) (Feet)
95 4,804.88 4,809.12 4,810.01 4,809.55
(1,464.53 m) (1,465.82 m) (1,466.09 m) (1,465.95 m)
90 4,807.68 4,813.37 4,815.94 4,816.35
(1,465.38 m) (1,467.12 m) (1,467.90 m) (1,468.02 m)
35 4,810.75 4,815.16 4,818.85 4,817.76
(1,466.32 m) (1,467.66 m) (1,468.79 m) (1,468.45 m)
30 4,812.72 4,817.63 4,820.27 4,819.15
(1,466.92 m) (1,468.41 m) (1,469.22 m) (1,468.88 m)
75 4,814.48 4,818.76 4,821.41 4,820.27
(1,467.45 m) (1,468.76 m) (1,469.57 m) (1,469.22 m)
70 4,815.82 4,820.14 4,822.45 4,820.94
(1,467.86 m) (1,469.18 m) (1,469.88 m) (1,469.42 m)
65 4,817.11 4,821.56 4,824.41 4,822.58
(1,468.26 m) (1,469.61 m) (1,470.48 m) (1,469.92 m)
60 4,817.78 4,822.64 4,825.28 4,823.55
(14,68.46 m) (1,469.94 m) (1,470.75 m) (1,470.22 m)
55 4,818.15 4,824.02 4,826.90 4,825.17
(1,468.57 m) (1,470.36 m) (1,471.24 m) (1,470.71 m)
50 4,820.02 4,824.89 4,827.70 4,826.56
(1,469.14 m) (1,470.63 m) (1,471.48 m) (1,471.14 m)
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Summer surface elevations at Gerber Reservoir less than 4,800.00 ft (1,463.04 m) significantly
reduce juvenile and adult sucker habitat, and are likely to result in increased competition for
food, higher predation, and reduced fitness due to parasites and disease (Reclamation 2002,
USFWS 2008). Surface elevations below 4,800.00 ft (1,463.04 m) are infrequent at Gerber
Reservoir (USBR 2012); in the POR elevations were below 4,800.00 ft (1,463.04 m) in only 5
years (Reclamation 2012). Only in 1991 and 1992 were surface elevations below 4,800.0 feet
for longer than 1 or 2 months (USBR 2012). At 4,800.00 ft (1,463.04 m), the surface area of
Gerber Reservoir decreases to about 750 ac (300 ha). At a surface elevation of 4,815.00 ft
(1,467.61 m), there are about 2,000 surface ac (800 ha) with adequate depth to support adult
suckers.

Table 7.12 September 30th Gerber Reservoir elevation exceedances 1925-2012 (Reclamation 2012, Table 6-
4).

Exceedance Elevation
(Percent) (Ft)
95 4,798.19
(1,462.49 m)
4,802.46
20 (1,463.79 m)
35 4,804.22
(1,464.33 m)
4,806.05
80 (1,464.88 m)
75 4,807.35
(1,465.28 m)
4,809.43
70 (1,465.91 m)
4,811.65
65 (1,466.59 m)
4,812.74
60 (1,466.92 m)
55 4,814.25
(1,467.38 m)
4,815.70
>0 (1,467.83 m)

Gerber Reservoir water quality is seasonally degraded, especially near the bottom where DO
concentrations reach 2 mg/L during the summer (Reclamation 2009). This could lead to
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prolonged low oxygen conditions if ice covered the surface for several months. Algal bloom
advisories were issued for AFA by the Oregon Health Authority between August and January in
both 2010 and 2011. In October 1992, the water surface elevation of Gerber Reservoir reached a
minimum of 4,796.40 ft (1,461.94 m) before the onset of a prolonged and cold winter; however,
no winter fish die-offs were observed (USFWS 2008). SNS during the summer of 1992 and
following the winter of 1992 to 1993 showed signs of stress, including low body weight, poor
gonadal development, and reduced juvenile growth rates, but no mass mortality was observed
(USFWS 2008).

The outlet of Gerber Reservoir is unscreened and suckers are entrained. In 2003, a total of 76
juvenile SNS were captured in a screw trap positioned in Miller Creek below the dam (Hamilton
et al. 2003). Very few data exist concerning the subsequent disposition of individuals after
passing through the facility, but 1 to 3 suckers greater than 6 in (15 cm) SL and 144 suckers
smaller than that were captured in 1999 near the confluence of Miller Creek and the Lost River
(Shively et al. 2000).

Gerber Reservoir has large populations of nonnative fishes, including several that are potential
predators of suckers, such as white crappie (Pomoxis annularis), yellow perch (Perca
flavescens), and fathead minnows (Pimephales promelas) which can both prey on larval suckers
and compete with juveniles. In fact, the majority of the Gerber Reservoir fish fauna is comprised
of these three exotic fishes (Reclamation 2009).

7.11.3 Lost River
The Lost River currently supports small numbers of SNS and very few LRS (Koch and Contreras
1973, Buettner and Scoppettone 1991, Shively et al. 2000, Reclamation 2009). Of 105 adults
captured by Shively et al. (2000) in 1999, 87 were identified as SNS and only one was identified
as LRS; the remaining were identified as Klamath largescale suckers or intermediate
morphology. The majority of both adults and juveniles are caught above Harpold Dam and, to a
lesser extent, from Wilson Reservoir (i.e., impoundment behind the Lost River Diversion Dam;
Shively et al. 2000). The riverine reach from Malone Reservoir upstream to Clear Lake Dam is

not expected to support large numbers of suckers due to its high gradient and lack of deep pool
habitat (USFWS 2008).

The Lost River has been highly altered to meet the needs of agriculture and reduce the threat of
flooding, and therefore habitat is fragmented and disconnected by dams lacking fish passage
(Reclamation 2009). Its hydrology is affected by a complex system of canals, pumps, and dams
used to manage irrigation delivery and return drainage. Much of the water flowing through the
lower Lost River channel comes from UKL via the A Canal, and is therefore high in nutrients.
Because this water is reused many times by different users, nutrient concentrations are increased
(ODEQ 2010). Water flowing in the Lost River eventually empties into the Tule Lake NWR as
return flow from irrigation (no water is released through the Anderson-Rose Dam) and can be
pumped to the Lower Klamath NWR before flowing to the Klamath River via the Klamath
Straits Drain (Reclamation 2009).

Adequate flow and habitat conditions in the Lost River are likely to occur during the spring and
summer, with higher river flows augmented by releases from Clear Lake and Gerber Reservoirs
(USFWS 2008). Irrigation releases typically start in April and augment groundwater and low-
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elevation runoff in this river reach. Flows in the Upper Lost River are very low during the fall
and winter because flows from Clear Lake and Gerber Reservoirs are substantially reduced.
However, winter flows do increase downstream from tributary and spring accretions (USFWS
2008).

Owing to extensive alterations of the Lost River watershed, inputs from UKL, and agricultural
drainage, water quality is seasonally poor and the river is listed by the State of Oregon for
exceedances in temperature, DO, pH, algal biomass, and ammonia toxicity (ODEQ 2010). A
high biomass of aquatic plants and AFA contributes to poor conditions in the river (Reclamation
2009, ODEQ 2010). Most water quality parameters show increasing degradation in the
downstream direction. Seasonally low DO concentrations occur throughout the Lost River, and
can be especially low in reservoirs where concentrations less than 2 mg/L lasting from a day to
several weeks have been reported from Anderson-Rose, Harpold, and Wilson Reservoirs, with
DO concentrations near 0 mg/L observed in some reservoirs (Reclamation 2009). Ammonia
concentrations are also likely stressful or lethal to fish. Water temperatures in Wilson Reservoir
are stressful, reaching 86° F (30° C; Reclamation 2009). As a result of the sometimes extremely
poor water quality in the Lost River, fish die-offs are frequent in summer; one of the largest
occurred in July 2003, when 146 adult suckers were found dead (Reclamation 2009).

In addition to the adverse habitat conditions in the Lost River, there are over 130 diversions
(Reclamation 2001); few, if any, of these are fitted with fish screens that meet State and Federal
criteria. Additionally, dams block passage of suckers to areas of better water quality and
spawning habitats.

7.11.4 Tule Lake
Tule Lake consists of two sumps (Sumps 1A and 1B) managed to meet flood control and wildlife
needs, including the needs of endangered suckers in the case of Sump 1A. Reclamation, through
a contract with Tulelake Irrigation District, manages deliveries from the sumps and pumping
from D-Plant to aid Tule Lake NWR in maintaining the elevations necessary in the sumps to
meet wildlife needs and requirements (Reclamation 2007). Water levels in Tule Lake sump 1A
have been managed according to criteria set in previous biological opinions (USFWS 2002,
2008), with elevations in Sump 1A maintained at a minimum of 4,034.00 ft (1,229.56 m) from
October 1 through March 31, and a minimum of 4,034.60 ft (1,229.45 m) from April 1 through
September 30 (USFWS 1992).

Both LRS and SNS reside in Sump 1A of Tule Lake, but the majority is LRS. Two hundred
thirty LRS and 202 SNS were captured and tagged during surveys from 2006 to 2008. Eighteen
tagged suckers were put into Sump 1B in May and November 2011, but these quickly returned to
Sump 1A when access was provided in 2012. It is not known why suckers do not inhabit sump
1B even though they have access to it from sump 1A. The 2011 effort indicates that although
they survived in sump 1B, they moved back to sump 1A as soon as they had access indicating a
preference for this sump. The current numbers of suckers in Sump 1A are relatively small and
have been roughly estimated to number less than 1,000 adults of each species (USFWS 2008).
Surveys were also unsuccessful in finding juveniles but it is not known if this is a result of
sampling methods or a lack of presence. More studies are needed to determine the origin of
these fish and their current abundance (Hodge and Buettner 2007, 2008, 2009).
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The April through September 4,034.60 ft (1229.75 m) minimum elevation was set, in part, to
provide access to spawning areas below Anderson-Rose Dam (USFWS 2008). Spawning runs
have occurred in years that Anderson-Rose Dam spills or releases water. Releases were required
as provisions of earlier biological opinions (USFWS 1992, 2001, 2008). In 2006 and 2007,
USFWS entered into an agreement with Tulelake Irrigation District to provide releases during
the spawning season, but high flows in 2006 flushed out newly placed spawning gravel, and no
further efforts were made to support spawning below the dam. As a result, in 2009, the 2008
biological opinion was amended and minimum flows were no longer required at Anderson-Rose
Dam. Successful egg incubation and survival of larvae to swim-up below Anderson-Rose Dam
has been infrequent in recent years and, because only two juvenile suckers were captured in Tule
Lake in recent years, natural recruitment is thought to be very low or nonexistent (Hodge and
Buettner 2008, USFWS 2008). The 2013 Revised Recovery Plan and the 2012 Final Rule for
Critical Habitat both emphasize that agencies should continue to evaluate the feasibility of
restoring spawning habitat and self-sustaining populations of suckers in Tule Lake. Reclamation
has put suckers salvaged from the California portion of the Project into Sump 1A as part of their
efforts to meet BiOp canal salvage requirements. This has occurred on a yearly basis since the
early 1990s and numbers of suckers placed here varied from 2 to 625 between 2006 to 2010, and
averaged 444 per year.

Water depths of Tule Lake Sumps 1A and 1B are shallow (mostly less than 4 ft [1.2 m] deep),
and consequently there is a lack of adequate depth for suckers in large portions of the sumps.
Additionally, gradual sedimentation is a potential threat to adult suckers that require water depths
greater than 3 ft (1 m) to avoid predation by fish-eating birds, particularly pelicans (USFWS
2008).

During severe winters with thick ice cover, only small, isolated pockets of water with depths
greater than 3 ft (1 m) exist in Sump 1A, increasing the risk of winter die-offs (USFWS 2008).
However, the April 1 to September 30 minimum elevation of 4,034.60 ft (1229.75 m) was set, in
part, to provide rearing habitat in Sump 1A, and the October 1 to March 31 minimum elevation
0f'4,034.00 ft (1229.56 m) was set to provide adequate winter depths for cover and to reduce the
likelihood of fish die-offs from low DO concentrations below ice cover (USFWS 2008).

Water quality also is considered a threat to suckers in Tule Lake sumps. Tule Lake is classified
as highly eutrophic (enriched) because of high concentrations of nutrients and resultant elevated
aquatic plant productivity (Dileanis et al. 1996). Because Tule Lake is shallow and the nutrient
content high, photosynthesis and respiration by aquatic plants and algae causes large fluxes in
DO and pH. During the irrigation season, water reaching the sumps has been used multiple
times on agricultural lands, which leads to increases in nutrient and pesticide concentrations
(Orlob and Woods 1964, Dileanis et al. 1996).

Reclamation has documented surface temperatures up to 26 °C (79° F); DO levels from
supersaturation (>15.0 mg/L to near zero); and pH occasionally exceeds 10.0 (Reclamation
2009). During the winter, most inflow to Tule Lake is from localized runoff and water quality
conditions are relatively good, except during prolonged periods of ice-cover when DO levels
decline.
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7.11.5 Conclusions Regarding the Capacity of the East Side Action Area to Support
LRS and SNS Conservation

The focus of this discussion is to determine how the baseline condition in the action area affects
the ability of multiple LRS and SNS populations to persist in a changing and adverse
environment. To assess this, we compared the baseline conditions with what the recovery plan
says are needed by the species to recover. The recovery strategy is intended to produce healthy
self-sustaining populations by reducing mortality, restoring habitat, including spawning, larval,
and juvenile habitats, and increasing connectivity between spawning and rearing habitats.
Recovery also involves ameliorating adverse effects of degraded water quality, disease, and
nonnative fish. The recovery goal is to produce naturally self-sustaining populations with
healthy long-term demographic traits and trends.

Currently, Clear Lake has a much smaller population of LRS than UKL, but larger than any other
water body, and a population of SNS on par with UKL. Suckers in Clear Lake are threatened by
drought and resulting low lake levels, and predation by birds; however, water quality (including
algal toxins) and disease are not known to be threats. Available information indicates that the
Clear Lake sucker populations have remained viable under the current management regime, and
we do not anticipate that this will change unless there is a prolonged drought more severe than
occurred in the recent POR.

There is also a population of SNS in Gerber Reservoir. Similar to Clear Lake, the effects of
fluctuating water levels on the SNS population there are not fully understood. Predation by
birds, adverse water quality, algal toxins, and disease are not believed to be existing threats for
this population. Available information indicates that the SNS population has remained viable
under the current management regime, and we do not anticipate that will change unless there is a
prolonged drought.

Both LRS and SNS reside in Sump 1A of Tule Lake but the majority is LRS. Neither species
has a self-sustaining population in this water body. Drought, severe winter conditions and warm
summer temperatures have the potential to cause low DO levels and threaten the species.

The Lost River is a highly altered system, which currently supports small sucker populations.

This area provides recovery benefits by adding redundancy, but currently does not support self-
sustaining populations because of habitat limitations.
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8 EFFECTS OF THE ACTION ON LOST RIVER SUCKER AND SHORTNOSE
SUCKER

8.1 Analytical Approach
8.1.1 Use of the Period of Record Hydrograph as a Tool to Analyze Project Effects

Because the proposed action is storage and delivery of water for Project purposes, analyzing
hydrologic data, such as water levels in LRS and SNS habitats, is essential to our analysis of
effects. However, because there is no way to know with certainty what future water conditions
will be, for purposes of this analysis, we have relied upon historical data (i.e., the POR) in
simulations to understand the likely range and distribution of elevations in Project reservoirs
over the proposed 10-year term of Project operations. To be useful, the POR needs to be
sufficiently long to capture a broad range of conditions and also needs to include recent data to
capture any current trends. For this consultation, the POR hydrology data selected for Clear
Lake and Gerber Reservoir were for calendar years 1902-2012 and 1925-2012, respectively.
The POR hydrological data set for UKL relied upon in this analysis is the 31 years between
October 1, 1980, and September 30, 2011. The shorter time period for the UKL POR was
chosen because relevant data, specifically the reconstructed annual NRCS forecasts of water
supply, which are necessary for modeling purposes, were only available beginning in the 1981
water year. Nevertheless, we conclude this POR sufficiently captures recent climatic trends and
current water-use conditions, while also including a broad distribution of dry, average, and wet
years.

Because Tule Lake is primarily a sump and gets most of its water from agricultural return flows,
past water levels have been managed close to the minimum lake levels identified in the proposed
action to reduce the risk of flooding. As a result, the POR water levels in Sump 1A of Tule Lake
are less variable when compared with the Project’s three primary water supply reservoirs: UKL,
Clear Lake, and Gerber Reservoir.

8.1.2 Use of the KBPM Model as a Tool to Analyze Project Effects on Water Levels

To analyze potential effects of the proposed action, Reclamation and the Services used the
KBPM to identify Klamath River and UKL hydrographs that would have occurred if the
proposed action had been implemented at the start of the 1981 water year. The hydrographs and
other modeled output are also used by the Services to anticipate likely future lake and river
conditions in water years similar to those occurring in the POR. KBPM is based on Water
Resource Integrated Modeling System software (WRIMS), a broadly accepted, generalized
water-resources modeling software designed for evaluating river-basin scale water management
alternatives. KBPM was developed jointly by Reclamation and the Services specifically for this
consultation, and included input from Klamath Basin Indian tribes and the Klamath Project
Water Users Association. A model is not available for the east side of the Project (i.e., the Lost
River subbasin, including Clear Lake, Gerber Reservoir, and Tule Lake), so reservoir-specific
water balance models based on the POR were used instead. For a detailed description of the
KBPM model, see Appendix 4A in the BA (USBR 2012) and the description of the proposed
action in the BA and in this BiOp.
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The central pillar of the proposed action is that water management decisions are linked directly
to real-time hydrologic and water use conditions. For the hydrologic and water use conditions
experienced in the POR, the model simulates water management decisions under the proposed
action and provides a reasonable approximation of outcomes for the different components of the
system. A critical assumption of the effects analysis in this BiOp is that the hydrologic and
water use conditions experienced in the POR, which provided the basis for the simulation of the
proposed action and therefore of the effects analysis, will not change substantially over the term
of this BiOp. If this assumption is violated to the extent that outcomes of implementing the
proposed action do not exhibit central tendency and variability similar to the simulated
outcomes, then operations may fall outside the analytical scope of this BiOp. The kinds of
changes that could produce such a result include, but are not limited to:

e Sequencing of water years in terms of relative wetness and dryness. For example, two 3-
year sequences of extremely dry — extremely dry — relatively wet (1991 — 1992 — 1993)
and extremely dry — relatively wet — extremely dry (1992 — 1993 — 1994) exist in the
POR, have been simulated, and are evaluated in this BiOp. However, a sequence of three
back-to-back extremely dry years does not exist in the POR, has not been simulated, and
has not been evaluated in this BiOp. Because the third year in a sequence of extremely
dry years is likely to have outcomes more severe than what has been evaluated in this
BiOp, such a sequence would be considered to be outside the scope of the BiOp.

e Declines in base flows during the July through September period.

e Continued shifts in the timing of spring run-off toward earlier in the year.

e Shifts in the pattern of consumptive water use within the Project, or the pattern or
magnitude of water use above UKL.

e Shifts in the pattern or magnitude of net accretions between Link River Dam and Iron
Gate Dam.

e Shifts in the pattern or magnitude of flows passing Harpold Dam.

e Changes to the elevation-capacity relationship for UKL.

For this BiOp, we assumed the PORs for the hydrology of the three primary Project reservoirs
represent the range and distribution of elevations that are reasonably likely to occur over the 10-
year consultation term (May 31, 2013 to March 31, 2023). However, we are also aware that, if
trends continue, climate may be somewhat drier on average during the next 10 years than for the
entire POR because drier conditions have prevailed recently and average inflows to UKL
(1,081,000 acre-feet) during the decade between 2002 through 2011 are over 10 percent less than
average inflow (1,246,000 acre-feet) during the entire POR.

We assume the following regarding the volume and timing of hydrologic data critical to the
KBPM and implementation of the proposed action:
¢ Flow in the Williamson River and net inflow to UKL will be similar in magnitude,
pattern, and sequence to that observed in the POR.
e Flow (return flow or direct release) from the east side to the west side of the Project will
be within the ranges observed during the POR, and appropriate for water year conditions.
e Accretions to the Klamath River between Link River Dam and Iron Gate Dam will be
within the ranges observed during the POR, and appropriate for water year conditions.
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e Although the volume of Project water use may be different from the POR, particularly in
years drier than average, the pattern of water use will be similar to the pattern observed
during the POR.

We further assume Reclamation will incorporate the previous year’s hydrologic data into the
KBPM by March 31 each year to ensure the model remains current and reflects hydrologic
trends. Data to be incorporated into the model annually include:

e UKL calculated daily net inflow (KBPM SV file variable I1 raw)

e UKL 3-day moving average net inflow (KBPM SV file variable I1)

e UKL cumulative inflow index (KBPM SV file variable)

Cumulative precipitation index (KBPM SV file variable)

Williamson River daily average flow (KBPM SV file variable)

Lake Ewauna accretions (KBPM SV file variable 110)

Keno Dam to Iron Gate Dam accretions (KBPM SV file variable 115)

Flow diverted from the Lost River to the Lost River Diversion Channel at Wilson Dam
(KBPM SV file variable I91)

Area A2 winter runoff (KBPM SV file variable 1131)

e NRCS forecasts for the Williamson River and UKL

e Project and Lower Klamath Lake NWR daily diversions and return flows

8.1.3 Sideboards for the Effects Analysis of Hydrologic Conditions

Our effects analysis for proposed management of UKL water levels is based on modeled output
from the KBPM of the proposed action using hydrologic data from the POR. Modeled weekly
UKL elevations for the POR are presented in tabular and graphical form in Appendix B. For
Clear Lake and Gerber Reservoir, we compared minimum elevations and lake-level probability
tables to the conservation needs of the species. For Tule Lake, the comparison was based on the
proposed seasonal lake minimums. It is possible, but unlikely, that hydrologic conditions outside
of the range, distribution, and sequence of conditions modeled for the proposed action could
occur during the 10-year term of the proposed action. We cannot state with absolute certainty
what hydrologic events will occur in the future, but we conclude that the past is the best predictor
of the near future, (i.e., the next 10 years) and, therefore, we assume rare events in the past will
be rare in the near future.

Reclamation’s BA (Reclamation 2012) analyzed the hydrologic effects of the proposed action on
LRS and SNS in UKL up to the 95 percent exceedance of lake elevations. As used by
Reclamation, the 95 percent exceedance means that on any given date a specific lake elevation
would be exceeded 95 percent of the time. This is equivalent to stating that there is a 95 percent
probability of exceeding that specific lake elevation on a given date. For our analysis, we
analyzed the effects of the proposed action over the full range of modeled results for each month,
regardless of the probability of observing a specific elevation in the future. End-of-month
elevations for Clear Lake and Gerber Reservoirs are presented in Appendix B. UKL end-of-
month elevations are presented in Table 8.1 of section 0, Effects of the Action, of this BiOp.

The USFWS will evaluate whether implementation of the proposed action results in expected
UKL elevations for each month of the year, based on the scatter of UKL elevations simulated by
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the KBPM. The scatter of modeled UKL elevations is presented in Figure 8.1 through Figure
8.12. For each month, Figure 8.1 through Figure 8.12 present simulated end-of-month UKL
elevations graphed relative to observed cumulative net inflow into UKL. The scatter of UKL
elevations shown on the monthly graphs defines the full range of elevations and effects in UKL
analyzed by this BiOp. Therefore, the graphs show the full range of expected outcomes of
implementing the proposed action, and provide a basis for evaluating whether hydrologic or
operational conditions are forcing UKL elevations outside the modeled range of elevations and
what has been analyzed in this BiOp.

In addition to the full range of expected UKL elevations, Figure 8.1 through Figure 8.12 also
present minimum elevation thresholds developed by USFWS for UKL, based on the modeled
results of the proposed action. The minimum elevation thresholds represent the extreme lower
limits of elevations that should be observed in UKL during the term of the proposed action, with
very limited exceptions that are described in more detail below. Assumptions underlying the
thresholds include:

e The proposed action, including Conservation Measures, are implemented as described
above and in Reclamation’s BA (Reclamation 2012).

e Minimum elevation thresholds are not management targets. The thresholds define
conditions that are outside the analyses conducted by USFWS for this BiOp.

e Elevations in UKL will exhibit the patterns and magnitudes expected for particular
hydrologic and operational conditions modeled and described in the BA and in the Effects
of the Action (section 8) of this BiOp.

e Elevations in UKL will be greater than the thresholds for all hydrologic conditions
observed during the POR, except for discrete situations caused by rare winter events.

e The UKL elevation will be a specific distance above the threshold at the beginning of
each irrigation season, based on winter and early spring conditions. As the irrigation
season progresses, the distance between observed UKL elevations and the threshold
should not progressively decline.

The minimum elevation thresholds define UKL elevations outside the scope of USFWS

analyses, and provide for an early warning that aspects of hydrologic conditions or water
resource management are out of balance compared with the simulated and intended results of
implementing the proposed action. UKL elevations approaching a threshold indicate that
Reclamation must identify the reasons for the unexpected elevations and consult with the
Services regarding implementation of potential adaptive management actions to prevent violation
of the threshold. However, if adaptive management is unsuccessful at avoiding threshold
violations and the USFWS does not accept the rationale for the violation or mitigation of the
effects, the action will be declared to be outside of the USFWS analysis and may trigger
reinitiation of consultation.

The minimum elevation thresholds for UKL were developed by graphing the modeled month-
end UKL elevations as a function of cumulative net inflow into UKL. Thresholds define the
lower edge of the scatter of UKL elevations simulated in the proposed action. They were
developed by selecting points on the lower edge of the scatter, allowing for a 0.1 foot buffer (less
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than 1 m), and fitting one or more straight lines to those points to encompass the range of
observed net inflows. No buffer was used in the driest years.

October
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Figure 8.1 UKL elevations at the end of October (kaf = thousand acre-feet).

For cumulative net inflow values less than 119,000 acre-feet since June 1, the minimum UKL
elevation is 4,137.80 ft (1,261.20 m).

For cumulative net inflow values between 119,000 and 180,000 acre-feet, the equation
determining the UKL elevation threshold = 0.002169x + 4137.5394 where x = the cumulative
net inflow into UKL since June 1 in thousand acre-feet.

For cumulative net inflow values between greater than 180,000 acre-feet, the equation
determining the UKL elevation threshold = 0.00655x + 4136.752 where x = the cumulative net

inflow into UKL since June 1 in thousand acre-feet.

The points on the October graph defining the threshold, from low to high, are from water years
1993, 1982, and 2000.
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Figure 8.2. UKL elevations at the end of November (kaf = thousand acre-feet).

For cumulative net inflow values less than 203,500 acre-feet since June 1, the minimum UKL
elevation is 4,138.45 ft (1,261.40 m).

For cumulative net inflow values between 203,500 and 325,000 acre-feet, the equation
determining the UKL elevation threshold = 0.003348x + 4137.7653 where x = the cumulative
net inflow into UKL since June 1 in thousand acre-feet.

For cumulative net inflow values between 325,000 and 742,000 acre-feet, the equation
determining the UKL elevation threshold = 0.006097x + 4136.8721 where x = the cumulative

net inflow into UKL since June 1 in thousand acre-feet.

For cumulative net inflow values greater than 742,000 acre-feet since June 1, the minimum UKL
elevation is 4,141.40 ft (1,262.30 m).

The points on the November graph defining the threshold, from low to high, are from water years
1993, 1990, and 2000.
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Figure 8.3. UKL elevations at the end of December (kaf = thousand acre-feet).

In December, water years 1982, 1997, 1999, and 2006 are considered outliers because the UKL
elevation was less than expected for the cumulative inflow in those years, based on threshold
shown in Figure 8.3. In addition to higher cumulative inflows than any other years, these 4 years
also had high relative inflow during December compared to the POR. This suggests a rapid
early-season snow melt or rain on snow event in which flood prevention spills would likely be
initiated. In similar situations during implementation of the proposed action, Reclamation will
consult with the Services regarding reasons for the lower than anticipated UKL elevations. The
Services and Reclamation will determine if UKL is on a trajectory to fill later in the winter,
based on current and forecasted conditions or if adaptive management actions must be taken.
Therefore, if the cumulative net inflow to UKL since October 1 is greater than 340,000 acre-feet,
no threshold applies if the Services and Reclamation agree that UKL is on a trajectory to fill later
in the winter, or adaptive management actions will result in sufficient UKL elevations in the

spring.

For cumulative net inflow values less than 236,000 acre-feet since October 1, the minimum UKL
elevation is 4,139.25 ft (1,261.64 m).

For cumulative net inflow values between 236,000 and 280,500 acre-feet, the equation
determining the UKL elevation threshold = 0.015x + 4135.7037 where x = the cumulative net
inflow into UKL since October 1 in thousand acre-feet.
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For cumulative net inflow values between 280,500 and 340,000 acre-feet, the equation
determining the UKL elevation threshold = 0.02223x + 4133.6843 where x = the cumulative net
inflow into UKL since October 1 in thousand acre-feet.

For cumulative net inflow values greater than 340,000 acre-feet since October 1, the minimum
UKL elevation will be determined based on KBPM simulated results and observed hydrologic
conditions.

The points on the December graph defining the threshold, from low to high, are from water years
1993, 2002, and 1986.

Figure 8.4. UKL elevations at the end of January (kaf = thousand acre-feet).

In January, water years 1982, 1993, and 2006 are considered outliers because the UKL elevation
was less than expected for the cumulative inflow in those years, based on threshold shown in
Figure 8.4. January 1993 was a relatively low inflow month and followed the extremely dry
1992 water year. However, flood control releases were modeled by the end of March 1993
because a large snowpack had accumulated. Similar to December, water years 1982 and 2006
had high cumulative inflows and 2006 also had high inflow during January compared to the
POR. In similar situations during implementation of the proposed action, Reclamation will
consult with the Services regarding reasons for the lower than anticipated UKL elevations. The
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Services and Reclamation will determine if UKL is on a trajectory to fill later in the winter,
based on current and forecasted conditions or if adaptive management actions must be taken.
Therefore, if the cumulative net inflow to UKL since October 1 is greater than 545,000 acre-feet,
no threshold applies if the Services and Reclamation agree that UKL is on a trajectory to fill later
in the winter, or adaptive management actions will result in sufficient UKL elevations in the
spring.

For cumulative net inflow values less than 338,000 acre-feet since October 1, the minimum UKL
elevation is 4,140.58 ft (1,262.05 m).

For cumulative net inflow values between 338,000 and 422,000 acre-feet, the equation
determining the UKL elevation threshold = 0.008452x + 4137.7185 where x = the cumulative
net inflow into UKL since October 1 in thousand acre-feet.

For cumulative net inflow values between 422,000 and 545,000 acre-feet, the equation
determining the UKL elevation threshold = 0.003598x + 4139.7681 where x = the cumulative
net inflow into UKL since October 1 in thousand acre-feet.

For cumulative net inflow values greater than 545,000 acre-feet since October 1, the minimum
UKL elevation will be determined based on KBPM simulated results and observed hydrologic

conditions.

The points on the January graph defining the threshold, from low to high, are from water years
1992, 1995, 2002, and 1998.
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Figure 8.5. UKL elevations at the end of February (kaf = thousand acre-feet).

In February, water years 1982, 1993, and 2006 are considered outliers because the UKL
elevation was less than expected for the cumulative inflow in those years, based on threshold
shown in Figure 8.5. Circumstances for these years were similar to those described for January.
In similar situations during implementation of the proposed action, Reclamation will consult
with the Services regarding reasons for the lower than anticipated UKL elevations. The Services
and Reclamation will determine if UKL is on a trajectory to fill later in the winter, based on
current and forecasted conditions or if adaptive management actions must be taken. Therefore, if
the cumulative net inflow to UKL since October 1 is greater than 550,000 acre-feet, no threshold
applies if the Services and Reclamation agree that UKL is on a trajectory to fill later in the
winter, or adaptive management actions will result in sufficient UKL elevations in the spring.

For cumulative net inflow values less than 362,000 acre-feet since October 1, the minimum UKL
elevation is 4,141.07 ft (1,262.20 m).

For cumulative net inflow values between 362,000 and 447,000 acre-feet, the equation

determining the UKL elevation threshold = 0.006125x + 4138.8493 where x = the cumulative
net inflow into UKL since October 1 in thousand acre-feet.
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For cumulative net inflow values between 447,000 and 550,000 acre-feet, the equation
determining the UKL elevation threshold = 0.00896x + 4137.5819 where x = the cumulative net
inflow into UKL since October 1 in thousand acre-feet.

For cumulative net inflow values greater than 550,000 acre-feet since October 1, the minimum
UKL elevation will be determined based on KBPM simulated results and observed hydrologic
conditions.

The points on the February graph defining the threshold, from low to high, are from water years
1992, 2005, and 2010.
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Figure 8.6. UKL elevations at the end of March (kaf = thousand acre-feet).

For cumulative net inflow values less than 437,000 acre-feet since October 1, the minimum UKL
elevation is 4,141.43 ft (1,262.31 m).

For cumulative net inflow values between 437,000 and 595,000 acre-feet, the equation
determining the UKL elevation threshold = 0.007857x + 4138.001 where x = the cumulative net

inflow into UKL since October 1 in thousand acre-feet.

For cumulative net inflow values greater than 595,000 acre-feet since October 1, the minimum
UKL elevation is 4,142.65 ft (1,262.68 m).
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The points on the March graph defining the threshold, from low to high, are from water years
1991 and 1994, followed by the flood control elevation.

Figure 8.7. UKL elevations at the end of April (kaf = thousand acre-feet).

For cumulative net inflow values less than 504,000 acre-feet since October 1, the minimum UKL
elevation is 4,141.51 ft (1,262.33 m).

For cumulative net inflow values between 504,000 and 579,000 acre-feet, the equation
determining the UKL elevation threshold = 0.01154x + 4135.6961 where x = the cumulative net
inflow into UKL since October 1 in thousand acre-feet.

For cumulative net inflow values between 579,000 and 730,000 acre-feet, the equation
determining the UKL elevation threshold = 0.00349x + 4140.3572 where x = the cumulative net

inflow into UKL since October 1 in thousand acre-feet.

For cumulative net inflow values greater than 730,000 acre-feet since October 1, the minimum
UKL elevation is 4,143.00 ft (1,262.79 m).

The points on the April graph defining the threshold, from low to high, are from water years
1992, 2005, and 2003.
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Figure 8.8. UKL elevations at the end of May (kaf = thousand acre-feet).

For cumulative net inflow values less than 532,000 acre-feet since October 1, the minimum UKL
elevation is 4,140.96 ft (1,262.17 m).

For cumulative net inflow values between 532,000 and 590,000 acre-feet, the equation
determining the UKL elevation threshold = 0.02075x + 4129.9131 where x = the cumulative net
inflow into UKL since October 1 in thousand acre-feet.

For cumulative net inflow values between 590,000 and 843,000 acre-feet, the equation
determining the UKL elevation threshold = 0.001804x + 4141.0954 where x = the cumulative

net inflow into UKL since October 1 in thousand acre-feet.

For cumulative net inflow values greater than 843,000 acre-feet since October 1, the minimum
UKL elevation is 4,142.60 ft (1,262.66 m).

The points on the May graph defining the threshold, from low to high, are from water years
1992, 1994, 2003, and 1983.
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Figure 8.9. UKL elevations at the end of June (kaf = thousand acre-feet).

For cumulative net inflow values less than 2,000 acre-feet since June 1, the minimum UKL
elevation is 4,140.00 ft (1,261.87 m).

For cumulative net inflow values between 2,000 and 38,000 acre-feet, the equation determining
the UKL elevation threshold = 0.04509x + 4139.9159 where x = the cumulative net inflow into

UKL since June 1 in thousand acre-feet.

For cumulative net inflow values greater than 38,000 acre-feet since June 1, the minimum UKL
elevation is 4,141.65 ft (1,262.38 m).

The points on the June graph defining the threshold, from low to high, are from water years
1992, 1991, 2002, and 1983.
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Figure 8.10. UKL elevations at the end of July (kaf = thousand acre-feet).

For cumulative net inflow values less than 27,000 acre-feet since June 1, the minimum UKL
elevation is 4,139.34 ft (1,261.67 m).

For cumulative net inflow values between 27,000 and 49,500 acre-feet, the equation determining
the UKL elevation threshold = 0.0302x + 4138.5227 where x = the cumulative net inflow into
UKL since June 1 in thousand acre-feet.

For cumulative net inflow values between 49,500 and 103,000 acre-feet, the equation
determining the UKL elevation threshold = 0.01026x +4139.5112 where x = the cumulative net
inflow into UKL since June 1 in thousand acre-feet.

For cumulative net inflow values between 103,000 and 274,000 acre-feet, the equation
determining the UKL elevation threshold = 0.002517x + 4140.3122 where x = the cumulative

net inflow into UKL since June 1 in thousand acre-feet.

For cumulative net inflow values greater than 274,000 acre-feet since June 1, the minimum UKL
elevation is 4,141.00 ft (1,262.18 m).

The points on the July graph defining the threshold, from low to high, are from water years 1992,
2003, 2008, and 1999.
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Figure 8.11. UKL elevations at the end of August (kaf = thousand acre-feet).

For cumulative net inflow values less than 36,000 acre-feet since June 1, the minimum UKL
elevation is 4,138.37 ft (1,261.38 m).

For cumulative net inflow values between 36,000 and 67,000 acre-feet, the equation determining
the UKL elevation threshold = 0.01419x + 4137.8517 where x = the cumulative net inflow into
UKL since June 1 in thousand acre-feet.

For cumulative net inflow values between 67,000 and 300,000 acre-feet, the equation
determining the UKL elevation threshold = 0.006736x + 4138.3492 where x = the cumulative

net inflow into UKL since June 1 in thousand acre-feet.

For cumulative net inflow values greater than 300,000 acre-feet since June 1, the minimum UKL
elevation is 4,140.30 ft (1,261.96 m).

The points on the August graph defining the threshold, from low to high, are from water years
1992, 2003, 2011, and 1983.
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Figure 8.12. UKL elevations at the end of September (kaf = thousand acre-feet).

For cumulative net inflow values less than 64,000 acre-feet since June 1, the minimum UKL
elevation is 4,137.80 ft (1,261.20m).

For cumulative net inflow values between 64,000 and 109,000 acre-feet, the equation
determining the UKL elevation threshold = 0.008006x + 4137.2905 where x = the cumulative
net inflow into UKL since June 1 in thousand acre-feet.

For cumulative net inflow values between 109,000 and 465,000 acre-feet, the equation
determining the UKL elevation threshold = 0.005727x + 4137.5369 where x = the cumulative
net inflow into UKL since June 1 in thousand acre-feet.

For cumulative net inflow values greater than 465,000 acre-feet since June 1, the minimum UKL
elevation is 4,140.20 ft (1,261.93 m).

The points on the September graph defining the threshold, from low to high, are from water
years 1992, 1981, and 2011.

8.2 Key Assumptions for the Effects Analysis

In developing this analysis, we needed to make a number of key assumptions because of a lack
of information. If these assumptions prove false or warrant changes during Project
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implementation it could affect the validity of this analysis, and potentially trigger re-initiation of
ESA Section 7 consultation if it results in effects that were not considered herein.

The following assumptions were used in completing this analysis:

e Reclamation will operate the Klamath Project and implement Conservation Measures
according to the description of the proposed action presented in their BA, as amended.

e We assume Reclamation will ensure that appropriate coordination and oversight occurs
with operators of Project facilities, including PacifiCorp and irrigation and drainage
districts, so that water levels in UKL will exhibit the patterns and magnitudes expected
for particular hydrologic and operational conditions modeled and described in the BA and
in this BiOp. Furthermore, we assume Clear Lake, Gerber Reservoir, and Tule Lake
Sump 1A will be operated within the historic ranges observed during the POR and
analyzed in this BiOp.

e Reclamation will ensure that hydrologic data used to manage Project reservoirs are
accurate. This specifically includes UKL bathymetry data, especially bottom elevations
in areas frequented by adult suckers, such as Pelican Bay, and the elevation-capacity
relationship that Reclamation uses to determine the storage in UKL associated with
elevations greater than 4,136.00 ft. Additionally, we assume that water-balance models
for Clear Lake, Gerber Reservoir, and Tule Lake Sump 1A provide reasonable
simulations of the physical processes they simulate.

e Reclamation will implement and complete the 10 studies described in their 2013 annual
work plan, dated March 5, 2013.

e The PORs for the hydrology of the three primary Project reservoirs represent the range
and distribution of elevations that are reasonably likely to occur over the 10-year
consultation term (May 31,2013—March 2023).

e Reclamation will provide the staff and funding necessary to implement the conservation
measures proposed in the BA.

e Revised bottom elevations at the entrance to Pelican Bay are accurate.

e Water balance models for Clear Lake and Gerber Reservoir provide reasonable
simulations of the physical processes they model.

e Any deviation from the formulaic approach intended to improve conditions for ESA-
listed species cannot create adverse effects greater than was analyzed in this BiOp, as is
stated in the BA, Section 4.3.4.2 (p. 4-51).

The foundation of an ESA Section 7(a)(2) analysis is an accurate characterization of the effects
likely to be caused by the Proposed Action on listed species and critical habitat. For ongoing
water projects, such as the Klamath Project, determining the effects of the Proposed Action on
listed species and critical habitat is complicated because Project-affected lakes and reservoirs
experience varying water levels and water quality conditions affecting listed species and their
habitats as a result of both Project-related discretionary management actions and unrelated
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natural and man-caused changes in inflows and outflows and the effects of pre-existing
infrastructure that have collectively altered the natural hydrology of the action area. Currently,
best available information and our technical capability are insufficient to precisely distinguish
between the effects likely to be caused by the Proposed Action to water levels and quality in the
action area and such effects caused by other factors, such as climate, wetland alterations, water
diversions by non-Project users, and pre-existing water management infrastructure. For those
reasons, a more generalized approach has been used to complete the following effects analysis
that reflects the focus of Project-related water management on storage from October to April and
delivery from April to October. In general, water levels and the quantity and quality of sucker
habitat in Project lakes and reservoirs are likely to be higher in the spring and lower in the
summer than under a no-Project situation, except in water years with an exceptional snowpack
and relatively cool, wet summers where water levels and quality are likely to be high during the
spring and summer.

Figure 8.13. Generalized annual pattern of water-level changes in the UKL and Gerber Reservoir and in
Clear Lake over a longer time period as a result of the proposed action compared to what would occur if the
proposed action were not implemented. In general, water levels are more variable under the proposed action
in comparison to the no-action condition.
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8.2.1 Comparison of the Effects of the Proposed Action to the Species Conservation
Needs

The following analysis relies on the findings presented in the Status of the Species analysis above
for the LRS and the SNS, especially with respect to their conservation needs, to express the
significance of anticipated effects of the proposed Project on these species.

8.3 Effects of the Proposed Action to the UKL Recovery Units of LRS and SNS

As discussed above in section 7, Status of the Species, the Revised Recovery Plan for the LRS
and the SNS (USFWS 2013) identifies two recovery units for both species: (1) the UKL recovery
unit; and (2) the Lost River sub-basin recovery unit. This analysis also relies on the survival and
recovery function assigned to each of these units to express the significance of anticipated effects
of the proposed Project on these species

8.3.1 Effects of the Proposed Action to LRS and SNS Populations in UKL

As described in section 7, Status of the Species, of this BiOp, UKL supports a population of the
SNS, and the largest population of the LRS. The proposed action is likely to affect habitat
availability for all LRS and SNS life-history stages, including embryos, pre- and post-swim-up
larvae, age-0 juveniles, older juveniles, and adults. Each sucker life stage has specific habitat
needs and specific seasonal time periods when those habitats are used. This analysis evaluates
the effects that the proposed management of UKL surface elevations and the resultant water
depths are likely to have on the quality and quantity of habitat for each LRS and SNS life-history
stage in UKL.

8.3.1.1 Effects to Shoreline Spawning Habitat

LRSs (and a few SNSs) spawn at shoreline springs along the east side of UKL beginning as early
as March and extending through May, with a peak in April (Buettner and Scoppettone 1990,
Barry et al. 2007b, Janney et al. 2009, Hewitt et al. 2012). One objective of the proposed action
is to fill UKL each spring to ensure there is an adequate water supply to meet irrigation and
environmental needs, including LRS and SNS and coho salmon, and consequently maximum
lake elevations are expected to be reached each year by April, or sometimes in May (Table 8.1
and Table 8.2).
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Table 8.1 UKL end-of-month surface elevations in ft for the POR water years 1981 through 2011, based on
KBPM modeling of the proposed action (Reclamation 2012, Table 7-1).

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1980 4,139.1 | 4,139.7 | 4,140.8
1981 4,141.7 | 4,142.7 | 4,143.1 | 4,143.2 | 4,143.0 | 4,142.2 | 4,140.8 | 4,139.2 | 4,138.2 | 4,138.0 | 4,139.0 | 4,139.9
1982 4,140.9 | 4,141.8 | 4,142.8 | 4,143.3 | 4,142.8 | 4,142.2 | 4,141.7 | 4,140.8 | 4,140.4 | 4,140.6 | 4,141.3 | 4,141.8
1983 4,142.0 | 4,142.4 | 4,142.8 | 4,143.2 | 4,142.7 | 4,141.8 | 4,141.2 | 4,140.5 | 4,140.3 | 4,140.6 | 4,141.4 | 4,141.8
1984 4,142.0 | 4,142.4 | 4,142.8 | 4,143.3 | 4,143.1 | 4,142.3 | 4,141.4 | 4,140.5 | 4,140.6 | 4,141.2 | 4,141.6 | 4,141.8
1985 4,142.0 | 4,142.4 | 4,142.8 | 4,143.3 | 4,143.0 | 4,142.3 | 4,140.9 | 4,140.1 | 4,140.1 | 4,139.9 | 4,140.3 | 4,141.1
1986 4,141.9 | 4,142.7 | 4,143.1 | 4,143.3 | 4,143.2 | 4,142.3 | 4,141.1 | 4,140.0 | 4,139.8 | 4,139.8 | 4,140.3 | 4,141.0
1987 4,141.8 | 4,142.6 | 4,143.1 | 4,143.3 | 4,143.1 | 4,142.4 | 4,141.6 | 4,140.3 | 4,139.7 | 4,139.4 | 4,139.8 | 4,141.0
1988 4,142.1 | 4,142.7 | 4,143.1 | 4,143.2 | 4,143.0 | 4,142.6 | 4,141.2 | 4,139.7 | 4,138.9 | 4,138.8 | 4,139.7 | 4,140.7
1989 4,141.5 | 4,142.2 | 4,142.8 | 4,143.3 | 4,143.0 | 4,142.1 | 4,140.5 | 4,139.2 | 4,138.8 | 4,138.6 | 4,138.9 | 4,139.8
1990 4,141.0 | 4,142.0 | 4,143.1 | 4,143.1 | 4,1429 | 4,142.1 | 4,141.0 | 4,140.0 | 4,139.5 | 4,139.2 | 4,139.5 | 4,140.0
1991 4,140.8 | 4,141.6 | 4,142.4 | 4,142.6 | 4,142.4 | 4,141.5 | 4,140.5 | 4,139.4 | 4,138.9 | 4,138.6 | 4,139.1 | 4,139.8
1992 4,140.6 | 4,141.1 | 4,141.4 | 4,1415 | 4,141.0 | 4,140.1 | 4,139.4 | 4,138.4 | 4,137.8 | 4,137.8 | 4,138.4 | 4,139.2
1993 4,140.1 | 4,140.8 | 4,142.7 | 4,143.3 | 4,143.1 | 4,142.7 | 4,141.4 | 4,140.4 | 4,139.6 | 4,139.7 | 4,139.8 | 4,140.6
1994 4,141.5 | 4,142.0 | 4,142.6 | 4,142.6 | 4,142.3 | 4,141.4 | 4,140.1 | 4,138.9 | 4,138.3 | 4,138.1 | 4,138.7 | 4,139.4
1995 4,140.5 | 4,142.0 | 4,143.1 | 4,143.3 | 4,143.2 | 4,142.5 | 4,141.5 | 4,140.2 | 4,139.4 | 4,139.2 | 4,139.5 | 4,140.8
1996 4,141.9 | 4,142.4 | 4,142.8 | 4,143.3 | 4,143.3 | 4,142.5 | 4,141.1 | 4,140.0 | 4,139.4 | 4,139.3 | 4,139.9 | 4,140.9
1997 4,141.9 | 4,142.4 | 4,142.8 | 4,143.3 | 4,143.2 | 4,142.3 | 4,141.2 | 4,140.2 | 4,139.7 | 4,139.2 | 4,139.7 | 4,140.5
1998 4,141.6 | 4,142.4 | 4,142.8 | 4,143.2 | 4,143.3 | 4,142.6 | 4,141.7 | 4,140.6 | 4,140.0 | 4,140.0 | 4,140.5 | 4,141.1
1999 4,141.8 | 4,142.4 | 4,142.8 | 4,143.3 | 4,143.0 | 4,142.0 | 4,140.9 | 4,140.2 | 4,139.7 | 4,139.4 | 4,140.0 | 4,140.8
2000 4,141.8 | 4,142.4 | 4,142.8 | 4,143.3 | 4,143.2 | 4,142.2 | 4,140.9 | 4,139.6 | 4,139.4 | 4,138.9 | 4,139.4 | 4,140.3
2001 4,141.2 | 4,142.0 | 4,142.8 | 4,143.0 | 4,142.6 | 4,141.6 | 4,140.4 | 4,139.0 | 4,138.3 | 4,138.1 | 4,138.7 | 4,140.0
2002 4,141.4 | 4,142.4 | 4,143.1 | 4,143.3 | 4,142.8 | 4,141.8 | 4,140.4 | 4,139.1 | 4,138.4 | 4,138.2 | 4,138.7 | 4,139.5
2003 4,141.1 | 4,142.2 | 4,143.0 | 4,143.0 | 4,142.7 | 4,141.5 | 4,140.2 | 4,138.9 | 4,138.5 | 4,138.3 | 4,138.8 | 4,139.9
2004 4,141.0 | 4,142.3 | 4,143.1 | 4,143.3 | 4,143.0 | 4,142.0 | 4,140.7 | 4,139.4 | 4,138.6 | 4,138.4 | 4,138.8 | 4,139.8
2005 4,140.6 | 4,141.3 | 4,142.1 | 4,142.4 | 4,142.9 | 4,142.0 | 4,140.7 | 4,139.1 | 4,138.2 | 4,138.1 | 4,139.1 | 4,140.3
2006 4,141.4 | 4,142.1 | 4,142.8 | 4,143.3 | 4,1429 | 4,142.0 | 4,141.0 | 4,139.8 | 4,139.0 | 4,139.0 | 4,139.8 | 4,140.8
2007 4,141.5 | 4,142.7 | 4,143.1 | 4,143.3 | 4,143.1 | 4,142.1 | 4,1409 | 4,139.6 | 4,138.9 | 4,139.0 | 4,139.6 | 4,140.5
2008 4,141.5 | 4,142.3 | 4,143.1 | 4,143.3 | 4,143.0 | 4,142.2 | 4,140.7 | 4,139.6 | 4,138.8 | 4,138.8 | 4,139.6 | 4,140.3
2009 4,141.5 | 4,142.3 | 4,143.1 | 4,143.1 | 4,143.0 | 4,142.4 | 4,141.0 | 4,139.7 | 4,138.8 | 4,138.7 | 4,139.1 | 4,139.7
2010 4,140.8 | 4,141.7 | 4,142.3 | 4,142.7 | 4,142.5 | 4,141.8 | 4,140.7 | 4,139.4 | 4,138.9 | 4,139.0 | 4,139.7 | 4,140.7
2011 4,142.0 | 4,142.4 | 4,142.8 | 4,143.2 | 4,142.9 | 4,142.1 | 4,141.2 | 4,140.1 | 4,139.2

Based on the KBPM output using POR data, UKL surface elevations from the end of March
through the end of May are at or above 4,142.0 ft (1,262.5 m) in 30 of 31 years. Only model
year (1992) has water levels from the end of March through the end of May below 4,142.0 ft
(1,262.5 m; Table 8.1). This equates to a probability slightly less than 5 percent, or slightly less
than a 5 percent chance of lake surface elevations being at that elevation at the end of March.
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Table 8.2 UKL end-of-month elevations in ft, February through June, at the 5 to 50 percent probability levels
based on KBPM modeling of the proposed action using POR data (USBR 2012, Table 7-2).

Probability February March April May June
(Percent)
5 4,141.2 4,142.2 4,142.5 4,142.3 4,141.4
(1,262.2m) (1,262.5m) (1,262.6 m) (1,262.6m) (1,262.3 m)
10 4,141.6 4,142.4 4,142.6 4,142.5 4,141.5
(1,262.4m) (1,262.6 m) (1,262.7m) (1,262.6m) (1,262.3 m)
15 4,141.7 4,142.6 4,142.8 4,142.7 4,141.7
(1,262.4m) (1,262.7m) (1,262.7m) (1,262.7m) (1,262.4 m)
20 4,142.0 4,142.8 4,143.0 4,142.7 4,141.8
(1,262.5m) (1,262.7m) (1,262.8 m) (1,262.7m) (1,262.4 m)
25 4,142.0 4,142.8 4,143.1 4,142.8 4,141.9
(1,262.5m) (1,262.7m) (1,262.8 m) (1,262.7m) (1,262.5 m)
30 4,142.0 4,142.8 4,143.2 4,142.9 4,142.0
(1,262.5m) (1,262.7m) (1,262.8 m) (1,262.8 m) (1,262.5m)
35 4,142.1 4,142.8 4,143.2 4,142.9 4,142.0
(1,262.5m) (1,262.7m) (1,262.8 m) (1,262.8 m) (1,262.5 m)
40 4,142.2 4,142.8 4,143.2 4,142.9 4,142.1
(1,262.5m) (1,262.7m) (1,262.8 m) (1,262.8 m) (1,262.5m)
45 4,142.3 4,142.8 4,143.3 4,143.0 4,142.1
(1,262.6 m) (1,262.7m) (1,262.9m) (1,262.8 m) (1,262.5 m)
50 4,142.3 4,142.8 4,143.3 4,143.0 4,142.1
(1,262.6 m) (1,262.7m) (1,262.9m) (1,262.8 m) (1,262.5m)

Based on the modeled proposed action, there is a 5 percent probability that the end of March
elevation will be at or below 4,142.2 ft (1,262.5 m). Because this is 1 ft (0.3 m) higher than lake
levels were during the 2010 spawning season, it is likely there would not be adverse effects to
spawning, or if there are effects they would likely be small, because at this elevation
approximately 74 percent of composite shoreline spawning habitat is inundated at the springs to
at least 1 ft (0.3 m; Table 8.2).

Data on the effects of UKL elevations to sucker spawning behavior at shoreline springs are very
limited. However, in 2010, when the surface elevation in UKL was lower than 4,141.0 ft
(1,262.2 m) throughout much of the spawning season, roughly 15 percent fewer adult LRS were
detected at the shoreline spawning areas, and individuals spent less time at the shoreline
spawning areas than in previous years when the lake was higher (S. Burdick, USGS, pers. comm.
2012). This was especially true for females, which spent on average half as much time at the
spawning grounds compared to wetter years when lake elevations were higher. These data
support a conclusion that a UKL elevation of 4,141.0 ft (1,262.2 m) or less by the end of March
will likely adversely impact LRS spawning at the springs in UKL. Although we have data on the
percent of spawning habitat available at various UKL elevations, other than the 2010 study there
is no additional information regarding how lake levels affect sucker spawning behavior.
However, it is important to note that lower UKL elevations caused by Project operations in the
past have still supported the annual production of millions of LRS and SNS eggs and larvae at
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UKL. Based on best available information, the effects of past Project operations on sucker
spawning behavior have not been a limiting factor to sucker production of eggs and larvae.

There is a 5 percent probability that the end of March elevation will be at or below 4,142.2 ft
(1,262.5 m), based on the modeled proposed action. Because this is 1 ft (0.3 m) higher than lake
levels were during the 2010 spawning season, it is likely there would not be adverse effects to a
significant portion of the LRS and SNS spawning populations because at this elevation
approximately 74 percent of composite shoreline spawning habitat for the LRS and the SNS is
inundated at the springs to at least 1 foot (Table 8.3).

Table 8.3 The percent area at UKL spawning sites that are inundated to at least 1 ft (0.3 m) depth between
lake levels of 4141.0 ft (1,262.2 m) and 4142.5 ft (1,262.6 m; Reclamation 2012, Table 6-1).

Silver Composite
Lake Elevation | Sucker o1 Ouxy | Cinder of
. Building . .
(ft) Springs . Spring | Flat Shoreline
Spring .
Spawning
4,142.5
(1,262.6 m) 92 905
4,142.0
(1,262.5 m) 77 70 61 87 73.8
4,141.5
(1,262.3 m) 63 62.0
4,141.0
(1,262.2 m) 53 48 25 73 49.8

Based on the above information, the USFWS concludes that the proposed action is likely to
result in UKL elevations in March, April, and May that during most years will provide adequate
depths within shoreline spawning habitat for the LRS and the SNS during their spawning season.
However, when lake levels go below 4,142.2 ft (1,262.5 m), which has a 5 percent probability of
occurring and occurred once out of 31 years in the model analyses, the proposed action is likely
to adversely affect sucker spawning because of reduced habitat availability. At the lowest
modeled elevation of 4,141.4 ft (1,262.3 m) at the end of March, composite spawning habitat is
reduced to 60 percent and there is likely to be even less spawning habitat at some springs, such
as at Ouxy Springs. Under this condition, spawning could be considerably reduced because
adults either do not spawn or they spawn in unsuitable habitat and that results in death of
embryos or pre-swim-up larvae. Although the loss of spawning habitat is unlikely to occur
during the 10-year term of the proposed action, even if such a reduction occurs it is not likely to
significantly preclude the likely production of millions of LRS and SNS eggs and larvae at UKL
on an annual basis for the 10-year term of the proposed Project.

By letter to NMFS dated May 29, 2013, and copied to USFWS, Reclamation proposed to modify
the proposed action to provide higher minimum April through June, Klamath River flows in drier
years. Reclamation stated that they did not anticipate that this modification to the proposed
minimum flows will result in modeled UKL elevations during the April through June period
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outside those that described and analyzed in Reclamation’s BA because of the following
factors. To ensure that the revised minimum flows do not change the modeled UKL elevations,
Reclamation will either delay the start of Project irrigation deliveries from UKL or will limit
discretionary diversions from the lake by an equivalent amount to the increased releases at Link
River Dam to avoid adversely impacting UKL elevations and ESA-listed suckers. Furthermore,
Reclamation has assessed the potential impacts to UKL and found that lake levels are expected
to be slightly higher for portions of the March through June period when a delay of the start of
irrigation deliveries is implemented. This would occur because the model used to develop the
Proposed Action assumed that Project deliveries would begin on March 1.

Additionally, Reclamation stated they may increase Link River flows during the April through
June period to reduce coho salmon parasite concentrations in the river. The magnitude and
duration of the flow increase will be developed with consideration to (a) an effective dilution
factor, (b) surplus EWA volume, and (c) potential effects to UKL and ESA-listed

suckers. Within 24 hours of consultation with the FASTA Team, Reclamation will implement
the flow increase at Link River, if appropriate based on discussions the FASTA and the Services.
A deviation from the formulaic distribution of EWA could result in short term effects to UKL
elevations. In the event that a deviation from the formulaic distribution of EWA is expected to
result in effects to UKL elevations throughout the spring/summer period, the FASTA Team will
closely coordinate with the USFWS to ensure that the deviation will not create adverse effects
greater than analyzed by USFWS. The expected end of September UKL elevation should remain
unchanged as no increase to EWA will occur as a result of this change in EWA distribution.

8.3.1.2 Effects of the Proposed Action to LRS and SNS Embryo and Larval Pre-swim-up
Habitat at Shoreline Springs in UKL

LRS embryos and pre-swim-up larvae are expected to be present in the gravel at the shoreline
springs for approximately 3 weeks following spawning and fertilization (Perkins and
Scoppettone 1996). Thus, LRS eggs fertilized in late April would be in the spawning gravel in
mid-May, and any eggs fertilized in late May would still be present in the gravel in mid-June. If
embryos or larvae are exposed to the air they will die from desiccation, so adverse effects could
result from drawing the lake down too soon in the spring, exposing embryos or larvae. Although
we do not know exactly at what elevation habitat for embryos and per-swim-up larvae becomes
negatively affected, we assume those effects begin occurring when elevations in June go below
4,142.0 ft (1,262.5 m). That assumes some fertilized eggs were deposited earlier when lake
levels were at near 4,143.0 feet (1,262.8 m) and at a substrate elevation of 4,142.0 ft (1,262.5 m).
Exposure of embryos and pre-swim-up larvae to air is most likely to occur in June because lake
levels could drop up to 1 ft (0.3 m) from May elevations (Table 8.2). That exposure is expected
to occur in about 30 percent of future water years based on the POR (Table 8.5). Furthermore,
the lower lake levels drop in June, the greater these effects are likely to be. However, although
the loss of sucker embryos and larvae is an adverse effect to the LRS and the SNS, best available
information on larval production in past years of Project operations supports a finding that
implementation of proposed Project operations, which are likely to cause higher minimum lake
elevations than in the past with more certainty that the minimum modeled lake elevations will
not be exceeded, is likely to provide for the annual production of millions of LRS and SNS
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larvae in UKL. Annual production of larvae is not a limiting factor to LRS and SNS populations
in UKL. Implementation of the proposed action is not likely to change that situation.

The modified proposed action, mentioned above in Sections 4 and 8.3.1.1, will not affect embryo
and pre-swim-up larval habitat at the shoreline springs because UKL elevations will not be
altered, or would not result in an adverse effect to LRS and SNS greater than what was analyzed
here.

8.3.1.3 Effects to Larval Sucker Habitat in UKL

Mobile, free-swimming larval suckers begin appearing in UKL in late-March or April and
usually peak in abundance from mid-May to mid-June; by mid- to late-July they transform to
age-0 juveniles (Buettner and Scoppettone 1990, Cooperman and Markle 2003). Larval sucker
habitat in UKL, especially for the SNS, is generally shallow, nearshore areas, particularly with
emergent vegetation (USFWS 2008). This type of vegetation likely provides larval suckers
protection from predators (Markle and Dunsmoor 2007), possibly more diverse food resources
(Cooperman and Markle 2004), protection from turbulence during storm events (Klamath Tribes
1996), and hydraulic roughness that could reduce the numbers of larvae transported out of the
lake by currents (Markle et al. 2009).

Although large emergent wetlands occur at several locations around UKL (e.g., Hanks Marsh,
Shoalwater Bay, Upper Klamath NWR, Wood River Delta), those at the Williamson River Delta
are particularly important to suckers because they are adjacent to the major source of larvae
emigrating from spawning areas in the Williamson and Sprague Rivers (Dunsmoor et al. 2000).
This area consistently has the highest density of larvae in UKL during late spring surveys
(Terwilliger et al. 2004).

As UKL levels decrease through the summer, so does the area of inundated emergent vegetation,
as exemplified by potential vegetation at the Williamson River Delta, so that at an elevation of
4,139.0 ft (1,261.6 m) almost no emergent wetland is inundated (Table 8.4). Thus, UKL
elevation influences larval suckers’ access to and use of nursery habitat (Dunsmoor et al. 2000,
Terwilliger 2006, Markle and Dunsmoor 2007). As the area of inundated emergent vegetation
declines, it is likely to reduce larval survival by exposing larvae to predators or reduced food
availability, or by exposing larvae to lake currents that could carry them to the outlet of the lake
where they could be entrained (USFWS 2008).
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Table 8.4 Potential emergent wetland habitat at the Williamson River Delta under different UKL elevations,
based on data in Elseroad (2004) and a GIS analysis of topographic data, and assuming no inundation of
emergent vegetation occurs below 4139.0 ft (1,261.6 m).

UKL Tulana Emergent Goose Bay Emergent Total Williamson River Delta
Elevation (ft) Wetland Area (ac) Wetland Area (ac) Emergent Wetland Area (ac)
4,143.0 1,080 1,560 2,640
(1,262.8 m) (437 ha) (631 ha) (1,069 ha)
4,142.0 850 1,390 2,240
(1,262.5 m) (344 ha) (563 ha) (907 ha)
4,141.0 580 1,080 1,660
(1,262.2 m) (265 ha) (437 ha) (672 ha)
4,140.0 290 550 870
(1,261.9 m) (118 ha) (223 ha) (352 ha)
4,139.0 0 0 0
(1,261.6 m)

At an elevation of 4,141.0 ft (1,261.9 m), approximately 1,600 ac (648 ha) of the potential
emergent vegetation habitat is available at the Williamson River Delta (Table 8.4). UKL surface
elevations at or above 4,141.0 ft (1,261.9 m) by the end of June occurred in one out of the 31
modeled years (year 1992; Table 8.1). By the end of July, lake levels drop another foot from
June levels (Table 8.5). The amount of emergent habitat available at the Williamson River Delta
in UKL declines from 2,640 ac (1,068 ha) at an elevation of 4,143.0 ft (1,262.8 m) to 870 ac
(352 ha) at an elevation of 4,140.0 ft (1,261.9 m; Table 8.4). At that elevation, any larvae not
present in the wetlands could be more vulnerable to entrainment at the outlet of the lake,
predation, and starvation. This would primarily affect SNS larvae because they are more
dependent on wetlands than LRS larvae (Terwilliger 2006; Simon et al. 2010, 2011). At that
elevation substantial larval mortality is likely because of the significant reductions in habitat that
would occur. However, elevations below 4,140.0 ft (1,261.9 m) at the end of July occurred in
only one year out of 31 modeled years (year 1992).
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Table 8.5 UKL end-of-month elevations (in ft), April through July, at the 5 to 50 percent probability levels
based on KBPM modeling of the proposed action using POR data (Reclamation 2012, Table 7-2).

Probability April May June July
(Percent)
5 4,142.5 4,142.3 4,141.4 4,140.1
(1,262.6 m) (1,262.6m)  (1,2623m) (1,261.9 m)
10 4,142.6 4,142.5 4,141.5 4,140.4
(1,262.7 m) (1,262.6 m)  (1,2623m)  (1,262.0 m)
15 4,142.8 4,142.7 4,141.7 4,140.5
(1,262.7 m) (1,262.7m)  (1,2624m) (1,262.0 m)
20 4,143.0 4,142.7 4,141.8 4,140.5
(1,262.8 m) (1,262.7m)  (1,2624m) (1,262.0 m)
25 4,143.1 4,142.8 4,141.9 4,140.7
(1,262.8 m) (1,262.7m)  (1,262.5m)  (1,262.1 m)
30 4,143.2 4,142.9 4,142.0 4,140.7
(1,262.8 m) (1,262.8m)  (1,262.5m)  (1,262.1 m)
35 4,143.2 4,142.9 4,142.0 4,140.8
(1,262.8 m) (1,262.8 m)  (1,262.5m)  (1,262.1 m)
40 4,143.2 4,142.9 4,142.1 4,140.9
(1,262.8 m) (1,262.8 m)  (1,262.5m)  (1,262.1 m)
45 4,143.3 4,143.0 4,142.1 4,140.9
(1,262.9 m) (1,262.8 m)  (1,262.5m) (1,262.1 m)
50 4,143.3 4,143.0 4,142.1 4,140.9
(1,262.9 m) (1,262.8 m)  (1,262.5m) (1,262.1 m)

Based on the analysis presented above, the USFWS concludes that, as proposed, Project
operations in most years are likely to adequately provide for inundation of emergent vegetation
that is very important as larval sucker habitat during the April-July period. During those years
the conservation needs of the LRS and SNS populations in UKL are likely to be met. However,
when lake levels go below 4,140.0 ft (1,261.9 m) at the end of July, substantial reductions of
larval habitat are likely to occur and are likely to reduce larval productivity or survival.
However, such events are likely to be rare with implementation of Project operations based on
modeling of the POR because such conditions occurred in only one year out of 31 modeled
years. Taking into account that adult LRS and SNS are long-lived fish, such rare events are not
likely to represent a significant limiting factor to persistence of LRS and SNS populations at
UKL.

The modified proposed action, mentioned above in Sections 4 and 8.3.1.1, will not affect larval
habitat because UKL elevations will not be altered, or would not result in an adverse effect to
LRS and SNS greater than what was analyzed here.

8.3.1.4 Effects to Age-0 Juvenile Habitat in UKL

Sucker larvae transform into age-0 juveniles typically by late July, and they utilize a variety of
shallow-water areas that are usually less than 3 ft deep (Buettner and Scoppettone 1990,
Terwilliger 2006). As they grow, age-0 juveniles move offshore, especially LRS juveniles,
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which are more likely to occur offshore than SNS juveniles (Terwilliger 2006, Simon et al 2011,
2012). Habitats used by age-0 juveniles include vegetated and unvegetated areas with apparently
no particular substrate size, including fine substrates such as mud (Buettner and Scoppettone
1990; Simon et al. 2000, 2009; Terwilliger 2006; Hendrixson et al. 2007a, b; Burdick et al.
2009a). However, there is evidence that the juvenile suckers use rocky substrates, such as
gravel, more frequently than fine-grained substrates like mud (Terwilliger 2006; Simon et al.
2009). Access to diverse substrates might increase survival by enabling juvenile suckers to find
more food or avoid predators if environmental conditions affecting the distribution of food or
predators change through the summer. Additionally, water quality might vary over different
substrates because of the presence or absence of currents and the DO demand by organic-rich
sediments, which vary by location in UKL (Wood 2001). In general, rocky substrates in UKL
are found nearshore where sediments are swept away by waves and currents (Eilers and Eilers
2005). Because of the increased circulation and lower levels of organics in these sediments,
rocky areas should, in general, have higher levels of DO than those areas where mud
predominates.

The habitat diversity needs for age-0 juveniles of these species are unclear, but when lake levels
drop below about 4,140.0 ft (1,261.9 m) during August, vegetated wetland habitats become
dewatered, and as the lake recedes below 4,138.0 ft (1,261.3 m), rocky substrates become
increasingly scarce as nearshore habitats transition to mud (Simon et al. 1995, Bradbury et al.
2004, Eilers and Eilers 2005). Thus, as lake levels recede below 4,140.0 ft (1,261.9 m) and
especially below 4,139.0 ft (1,261.6 m), age-0 juveniles have fewer available habitats and could
be forced to move into areas where conditions (e.g., food, water quality, or predation) are less
favorable, which could have negative effects on their fitness and survival. At the lowest
modeled elevation at the end of August (i.e., 4,138.4 ft [1,261.4 m]), there would be almost no
habitat diversity and age-0 juvenile suckers would have to use muddy substrates.

Although we do not have data showing how habitat diversity affects survival of age-0 juveniles,
it is reasonable to assume if habitat becomes limiting it would affect survival. Because LRS age-
0 juveniles tend to use off-shore habitats where mud substrates dominate (Terwilliger 2006;
Simon et al 2010, 2011), they are less likely to be affected by low lake levels. However, because
SNS juveniles are more likely to use inshore areas and a greater diversity of substrates
(Terwilliger 2006; Simon et al 2010, 2011), they are more likely to be adversely affected by low
lake levels. Adverse effects are most likely to occur at elevations below 4,139.0 ft (1,261.6 m) in
August. Four of the 31 modeled years (13 percent) have elevations at or below 4,139.0 ft
(1,261.6 m) in August (Table 8.1). Under those conditions, SNS age-0 juveniles are likely to
experience low survival.

During September and October, age-0 juveniles appear to leave nearshore areas as the lake
elevation is nearing its annual minimum (Buettner and Scoppettone 1990, Terwilliger 2006). It
is not understood whether this seasonal movement by juveniles is related to decreasing
availability of nearshore habitats resulting from declines in lake surface elevations (USFWS
2002), or other causes, such as a biological response to other natural environmental cues or
changes in physiological demands during late summer (USBR 2007). In general, seasonal fish
migrations are thought to maximize fitness by increasing food availability, reducing predation, or
avoiding harsh environmental conditions (Bronmark et al. 2010).
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Based on our review of the literature cited above, the USFWS concludes that the past pattern of
age-0 juvenile sucker departure from near-shore areas in late September when the UKL surface
elevation is nearing its annual minimum is not likely caused by Project operations, and instead is
likely a natural behavior related to growth. However, declines in the amounts and diversity of
age-0 juvenile habitats in August and early September are more likely to have adverse effects on
juvenile suckers as discussed above.

The absolute minimum daily elevation, according to the KBPM outputs for the proposed action
based upon the POR, is 4,137.72 ft (1,261.18 m) in early October. The BA states that
Reclamation does not intend to go below 4,137.50 ft (1,261.11 m) in UKL (USBR 2012, p. 4-
26). This elevation is outside of what was modeled by KBPM and, therefore, we have no way to
assess its effects on the LRS and the SNS. Additionally, the effects of a 4,137.50 ft (1,261.11 m)
minimum elevation in UKL were not analyzed by Reclamation. In summary, we were only able
to analyze those conditions predicted by KBMP, based on the POR, so any daily UKL elevation
below 4,137.72 ft (1,261.18 m) would be outside the scope of effects analyzed under this BiOp.

As discussed above, there is uncertainty regarding the effects of proposed Project operations to
LRS and SNS age-0 juveniles caused by declining water levels in August and early September.
However, to the degree that diverse, shallow-water habitats confer benefits to LRS and SNS age-
0 juveniles, the loss of that habitat is likely to cause adverse effects. However, such events are
likely to be rare with implementation of Project operations based on modeling of the POR: UKL
elevation at or below 4,139.0 ft (1,261.6 m) occurred in 4 of 31 modeled years (13 percent of
modeled years) during August. Taking into account that adult LRS and SNS are long-lived fish,
such rare events are not likely to represent a significant limiting factor to persistence of LRS and
SNS populations at UKL. However, the lack of recruitment into the adult breeding population of
both species in UKL since the late 1990s is magnifying the significance of those adverse effects
even though such events are likely to be infrequent.

As discussed above, there is uncertainty regarding what the effects are to LRS and SNS age-0
juveniles of the declining water levels in August and early September resulting from the
proposed action. However, to the degree that diverse, shallow-water habitats confer benefits to
LRS and SNS age-0 juveniles, the loss of that habitat is likely to cause adverse effects.
However, such events are likely to be rare with the implementation of proposed Project
operations based on modeling of the POR: UKL elevations at or below 4,139.0 ft (1,261.6 m)
occurred in 4 of 31 modeled years during August. Taking into account that adult LRS and SNS
are long-lived fish, such rare events are not likely to represent a significant limiting factor to
persistence of LRS and SNS populations at UKL. However, the lack of recruitment into the
adult breeding population of both species since the late 1990s is magnifying the significance of
those adverse effects even though such events are likely to be uncommon.
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Table 8.6 UKL end-of-month elevations (in feet), July through September, at the 5 to S0 percent probability
levels, based on KBPM modeling of the proposed action using POR data (Reclamation 2012, Table 7-4).

Probability (Percent) July August September

5 4,140.1 4,138.9 4,138.2
(1,261.9 m) (1,261.5 m) (1,261.3 m)

10 4,140.4 4,139.0 4,138.3
(1,262.0 m) (1,261.6 m) (1,261.4 m)

15 4,140.5 4,139.1 4,138.3
(1,262.0 m) (1,261.6 m) (1,261.4 m)

20 4,140.5 4,139.2 4,138.5
(1,262.0 m) (1,261.6 m) (1,261.4 m)

25 4,140.7 4,139.3 4,138.7
(1,262.1 m) (1,261.7 m) (1,261.5 m)

30 4,140.7 4,139.4 4,138.8
(1,262.1 m) (1,261.7 m) (1,261.5 m)

35 4,140.8 4,139.5 4,138.8
(1,262.1 m) (1,261.7 m) (1,261.5 m)

40 4,140.9 4,139.6 4,138.9
(1,262.2 m) (1,261.8 m) (1,261.5 m)

45 4,140.9 4,139.6 4,138.9
(1,262.2 m) (1,261.8 m) (1,261.5 m)

50 4,140.9 4,139.7 4,139.0
(1,262.2 m) (1,261.8 m) (1,261.6 m)

8.3.1.5 Effects to Habitat of Older (Age 1+) Juveniles and Adults in UKL

Radio-telemetry studies have shown that adult suckers primarily use the north end of UKL above
Bare Island from June to September (Peck 2000, Reiser et al. 2001, Banish et al. 2007, Banish et
al. 2009). During this period, adult suckers are found in open water areas of the lake, typically at
depths of greater than 9 ft (3 m), and they tend to avoid depths less than 6 ft (2 m); in general,
LRS are found farther offshore than SNS (Peck 2000, Reiser et al. 2001, Banish et al. 2009).
Note that these depths were actually measured at the location of the detected fish and are not
based on bathymetric maps that were inaccurate at that time.

During radio-tracking studies, neither LRS nor SNS adults were observed using depths less than
3 ft (1 m; Banish et al. 2007). In studies done in 2005 and 2006, LRS selected water depths
greater than 10 ft (3 m), and SNS often selected depths greater than 6 ft (2 m; Banish et al. 2007,
Banish et al. 2009). Adult suckers were mostly located at water depths greater than the mean
depth available in the area of the lake where they occur, which suggests they were actively
selecting for relatively deep water, but the data do not indicate where the fish are distributed
through the water column. However, neither species was found at depths greater than 25 ft (8 m;
Banish et al. 2007). Depths up to about 40 feet (12 m) or more occur along the east side of Eagle
Ridge.

In the 2008 BiOp (USFWS 2008), one of our concerns was that low lake levels during August
and September could pose a threat to adult suckers because shallow depths could reduce access
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into the Pelican Bay water quality refuge area. However, new bathymetric data show that water
depths near Pelican Bay are deeper than previously recorded (USBR 2012). While the updated
bathymetric data have not undergone a detailed quality assurance/quality control (QA/QC)
review, bottom elevations in Pelican Bay have been corroborated by Reclamation (M. Neuman,
USBR, pers. comm. 2013).

These new data indicate that bottom elevations at the entrance to Pelican Bay are at
approximately 4,133.0 ft (1,259.7 m) to 4,134.0 ft (1,260.0 m; USBR 2012). This is several feet
lower (deeper) than we assumed in 2008. During very dry conditions below the 5 percent
probability for lake levels, the proposed action is likely to result in UKL surface elevations
below 4,138.2 ft (1,261.3 m) by the end of September (Table 8.1 and Table 8.6). Three years out
of 31 modeled years had an end-of-September elevation of 4,138.2 ft (1,261.3 m). The lowest
elevation in the modeled POR that constitutes the proposed action is 4,137.7 ft (1,261.2 m). At
this elevation there would be a minimum water depth of at least 4.2 ft (1.3 m) at the entrance to
the bay (Table 8.7).

Table 8.7. Water depths at the entrance to Pelican Bay at various UKL elevations. The minimum bottom
elevation at the entrance to the bay is approximately 4133.5 ft (1,259.9 m; Reclamation 2012, Table 7-10).

Lake Surface Depth of Entrance to
Elevation (ft) Pelican Bay (ft)
4,143.0 9.5
(1,262.8 m) (2.9 m)
4,142.5 9.0
(1,262.6 m) 2.7
4,142.0 8.5
(1,262.5 m) (2.6 m)
4,141.5 8.0
(1,262.3 m) (2.4 m)
4,141.0 7.5
(1,262.2 m) (2.3 m)
4,140.5 7.0
(1,262.0 m) (2.1 m)
4,140.0 6.5
(1,261.9 m) (1.9 m)
4,139.5 6.0
(1,261.7 m) (1.8 m)
4,139.0 5.5
(1,261.6 m) (1.7 m)
4,138.5 5.0
(1,261.4 m) (1.5 m)
4,138.0 4.5
(1,261.3 m) (1.4 m)

LRS and SNS that are unable to enter Pelican Bay could be at a higher risk from the effects of
adverse water quality if conditions occur similar to those in the 1990s that led to catastrophic die-
offs of adult suckers (Perkins et al. 2000b). In 1996, over 4,000 adult suckers were found dead
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in UKL in late August and early September and in 1997 over 2,000 adult suckers were found
dead from late July to late September (Perkins et al. 2000b). In both years, ammonia levels were
high and DO levels low for several weeks prior to the die-offs. For short periods, usually less
than 1 day, DO concentrations ranged from 0 to 2.2 mg/L, which is within the lethal range for
suckers (Perkins et al. 2000b). Additionally, at the lowest lake levels during late summer months
there is an increased risk of concentrating suckers in limited areas of deeper water where disease
could be more readily spread among individuals. Given that the new bathymetric data has not
undergone, QA/QC review, and given the status of adult suckers, it is prudent to assume that
depths at the entrance to Pelican Bay could be shallower than indicated by the new data. At the
minimum proposed elevation of 4,137.7 ft (1,261.2 m), depths are likely under 4 ft (1.1 m) and
pose a rare, but potentially high, risk to adult suckers. Furthermore, these low water levels make
it more likely that the lake would not provide adequate spawning and rearing habitat the next
spring if inflows were inadequate.

Under the proposed action, a surface elevation of 4,138.5 ft (1,261.4 m) provides approximately
13,000 ac (5,260 ha; about 46 percent) of available habitat in the portion of UKL north of Bare
Island (USBR 2012, Tables 7-7 and 7-8) at depths of 6.5 ft (1.9 m) or greater without the
inclusion of the reconnected Williamson River Delta. Assuming that conditions similar to those
at the 5 percent probability level are experienced, such as during 1992 and 1994, it is anticipated
the proposed action will result in lake elevations below 4,138.2 ft (1,261.3 m) that could provide
only about 20 percent of available habitat in the northern end of UKL at depths between 6 and 9
ft (2 and 3 m) through the end of September (USBR 2012, Tables 7-6 and 7-8). Elevations
below 4,138.2 ft (1,261.3 m) occurred three out of 31 years in the modeled POR.

Under proposed Project operations, there appear to be thousands of acres of potential habitat
during the late summer for adult suckers, even at the lowest lake levels. However, this considers
only one variable, depth, whereas radio-tracking shows that adult suckers occur seasonally in
limited areas of the lake and those areas are sometimes species-specific. Areas of high seasonal
use by adult suckers include Ball Bay, and the areas north of Ball Point, between Ball Bay and
Fish Banks, and between Eagle Ridge and Bare Island (Reiser et al. 2001, Banish et al. 2009).
SNSs, especially, show a preference for Ball Bay, whereas LRSs were frequently located off of
Ball Point (Banish et al. 2009, Figure 2). Additionally, both species used the area of the lake
north of Ball Bay to the mouth of Pelican Bay (Banish et al. 2009). We presume this distribution
is due to selection of habitats beneficial to the LRS and the SNS for some reason(s), such as
abundant food, fewer predators, and/or better water quality, in addition to adequate depth.

It is unclear how seasonal changes in lake levels affect the distribution of adult suckers, but low
lake levels in very dry years could reduce use of shallow areas such as in Ball Bay. Thus, low
lake levels (i.e., those below 4,138.2 ft [1,261.3 m]) in September potentially could adversely
affect adult suckers by limiting their access to some preferred habitats. Recent information
shows that older juvenile suckers use nearshore shallow habitats with some frequency along the
western lake shore and near the Williamson River Delta (Burdick and VanderKooi 2010;
Burdick 2012a, b). This suggests that low lake levels could also affect older juvenile sucker
distribution if they show habitat preferences.
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We assume that UKL surface elevations are less critical to adult suckers during November
through February because they redistribute throughout the lake after water quality in the lake
improves and as lake levels increase through the winter (Banish et al. 2007, 2009), as a result of
reduced water diversions and increased inflows.

As discussed above, the USFWS concludes that the proposed Project operations are likely to
provide adequate habitat for older juvenile and adult suckers during most years because there
will be sufficient water depths. It is only when UKL levels are equal to or less than 4,138.2 ft
(1,261.3 m) at the end of September and water depths become so shallow that there is loss of
some preferred habitats that there is likely to be adverse effects to these age classes. Such lake
levels occur 3 years out of 31 years in September (Table 8.1) based on the POR modeling, and
thus these elevations are expected to be rare events and are not expected to limit the persistence
of older juvenile and adult LRS and SNS.

8.3.1.6 Effects to UKL Water Quality

UKL has experienced serious water quality events in the past that have resulted in massive fish
die-offs, including thousands of LRSs and SNSs, as well as pronounced redistribution of fish
(Buettner and Scoppettone 1990; Perkins et al. 2000b; Banish et al. 2007, 2009). In UKL, water
quality poses the greatest threat to all fish from July to mid-October, but especially late July and
August (Wood et al. 1996, Kann 1997, Perkins et al. 2000b, Loftus 2001, Welch and Burke
2001, Wood et al 2006, Morace 2007, B. Martin, USGS, pers. comm. 2013).

One of the questions that has been raised in relation to Reclamation’s management of UKL is:
how do lake levels affect water quality (USFWS 2001, 2001, 2008)? A number of possible
mechanisms relating lake depth to water quality have been proposed, such as effects on nutrient
concentrations that drive algal productivity that subsequently affect DO and ammonia
concentrations (Wood et al. 1996, Reiser et al. 2001, Morace 2007; USFWS 2002, 2008).
However, most empirical analyses of water quality data taken from the lake indicate no obvious
and statistically significant connection between UKL levels and water quality over the range at
which the lake is usually managed (4,138 to 4,143 ft [1,261 to 1,263 m]; Wood et al. 1996,
Morace 2007). However, Jassby and Kann (2010) did document a statistically significant
association between chlorophyll-a levels in UKL and water elevations for the months of May
and June.

Wood et al. (1996) concluded that there was no evidence of a relationship between any of the
water quality variables considered (i.e., chlorophyll-a, DO, pH, total phosphorus) and lake depth
based on an analysis of the seasonal distribution of data or a seasonal summary statistic. The
analysis found that low DO, high pH, high phosphorus concentrations, and heavy AFA blooms
were observed every year regardless of lake depth. Morace (2007) repeated this analysis using
11 additional years of data from UKL, and also did not detect a statistically significant
relationship between lake depth and water quality. However, this does not mean that water depth
has no effect on water quality, only that existing empirical data and analyses have not shown an
observable, statistically significant relationship between UKL levels and water quality over the
range of depths that UKL has been operated at during the 1990-2006 period. The National
Research Council (2004) also did not identify a quantifiable relationship between UKL depth
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and extremes in DO, pH, and chlorophyll-a, although their analysis was considerably less robust
than that of Wood et al. (1996) or Morace (2007).

In some lakes, water depth has been shown to affect water quality, but generally these lakes are
at least 20 ft (6 m) deep and the change in water quality is primarily the result of stratification,
which isolates bottom waters from mixing (University of Wisconsin Extension 2004, Noges
2009). UKL is so shallow, averaging only about 6 ft (2 m) deep, that it tends to stay mixed
because of the action of winds. However, during summer calm periods when the air temperature
is higher, some temporary and localized stratification occurs that can lead to low DO
concentrations and higher levels of ammonia in bottom waters (Kann and Welch 2005).

Lake level and water quality are difficult to analyze in UKL because the lake is a complex multi-
dimensional system that exhibits considerable variability in time and space. For example, areas
of the lake with high AFA biomass can experience wide swings in pH and DO over a 24-hour
period due to daytime photosynthesis and nighttime respiration; however, these conditions can
be localized.

The largest and longest water-quality dataset for UKL is based on samples taken twice monthly
to detect long-term water quality trends. Because this dataset was developed primarily for long-
term trend analysis, it lacks the spatial and temporal resolution necessary to detect effects of lake
level on water quality, which would likely be relatively short term and spatially restricted.
Detecting a relationship between lake levels and water quality likely requires an intensive long-
term study with high spatial and temporal resolution, and thus would require financial resources
beyond those available. Nevertheless, the best available information does not appear to support
an effect on water quality due to UKL lake level under normal operating ranges (i.e., 4138 to
4143 ft [1,261 to 1,263 m]) of the Project.

Although the Project might not substantially affect water quality in UKL as a direct result of
changes in water levels, it could affect water quality in UKL in other ways. For example, storage
of winter inflows increases nutrient loading in the lake, especially sediment-bound phosphorus
from tributaries during high-flow events. Diversion of water through the irrigation season
exports nutrients, especially phosphorus and nitrogen contained within AFA colonies, out of the
lake (ODEQ 2010). The net effects of these actions on water quality are unknown and require
further study.

In conclusion, the best available information does not support a finding that proposed Project
operations are likely to adversely affect UKL water quality under normal operating ranges (i.e.,
from 4,138.0 to 4,143.0 ft [1,261.0 to 1,263.0 m]).

8.3.1.7 Entrainment Losses of LRS and SNS from UKL

The proposed action is likely to adversely affect sucker larvae through entrainment at the A
Canal, and adversely affect all life stages (other than embryos) through entrainment at the Link
River Dam. The numbers of suckers at each life stage entrained by the Project are likely to vary
annually depending on such factors as the flow at the A Canal and Link River Dam, numbers of
adults in the spawning population, annual larval production, water quality, wind speed and
direction, and other factors. For example, annual estimates of larval sucker abundance in UKL
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vary by several orders of magnitude (Simon et al. 2012), and this variability is likely to have a
dramatic effect on entrainment rates. Additionally, estimated numbers of suckers entrained are
based on only a few years of data obtained in the late 1990s by Gutermuth et al. (2000a, b).
Because entrainment estimates are difficult to do and require extrapolations from short sampling
times to longer periods and from small samples to larger samples, the confidence limits of the
estimates are quite large.

Entrainment of larval suckers at the UKL outlet likely results from the interplay of multiple
factors that are incompletely known (Markle et al. 2009). Larval suckers have limited swimming
ability, are surface oriented, and therefore are vulnerable to down-lake transport by currents.
Modeling using data from measurements of currents in UKL (Cheng et al. 2005) indicates that
sucker larvae could be swept from spawning areas to the lake outlet in about 1 week (Reithel
2006, Markle et al. 2009). Most LRS and SNS larvae in UKL enter the lake along the eastern
shoreline, either from shoreline spawning or emigration from the Williamson River. This makes
them vulnerable to down-lake transport by the current that typically flows south along the eastern
shore of UKL to the lake outlet (Reithel 2006, Markle et al. 2009).

Information regarding UKL’s circulation suggests that larval suckers, particularly LRS larvae,
could also be retained in the wind-generated gyre (current) located farther offshore (Markle et al.
2009). Under prevailing northwest winds, the circulation in UKL is a clockwise gyre that
extends as far north as the shoreline between Agency Strait and Pelican Bay, and as far south as
Buck Island (Wood et al. 2006). This suggests that SNS larvae could be more vulnerable to
being entrained at the outlet of the lake than LRS larvae.

A Canal Entrainment Estimates

Although the A Canal is equipped with a state-of the-art fish screen meeting USFWS criteria,
approximately 50 percent of those that reach the fish screen pass are likely to pass through it and
are entrained into the canal system (USFWS 2008). This value is based on larval entrainment
evaluations at the A Canal fish screen (Bennetts et al. 2004). The other 50 percent of larvae and
all larger fish will be bypassed back to the upper Link River by a pump (typically from August
through October) or discharged by a gravity-operated flume to below the dam (typically April
through July). The pump bypass system uses a hidrostal pump that causes minimal injuries to
fish (Marine and Gorman 2005). The outlet of the pump-bypass flume is near the west bank of
the upper Link River, just downstream from the A Canal headgates and about 0.3 mi (0.5 km)
upstream from the Link River Dam.

Up to 1.6 million larval suckers could be entrained into the A Canal based on estimates
developed by Gutermuth et al. (2000a, b). However, that number assumes adult sucker
population sizes have remained constant since the late 1990s, which is not the case, as was
described above in the Status of the Species. Based on estimated changes in LRS and SNS
population sizes (Hewitt et al. 2011), and assuming no recruitment, the total number of adult
LRS and SNS in UKL has likely declined about 80 percent since 1998. Based on that, we
assume numbers of larvae present and in the lake and entrained at the A Canal has also decreased
because fewer adult females are now present and they would produce fewer eggs. Therefore, we
assume annual larval entrainment at the A-Canal is now 20 percent of what it was in 1998 and is
approximately no more than 320,000. Because this estimate is based on current LRS and SNS
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population sizes and further declines are likely, this number is higher than it will likely be during
the 10-year term of this BiOp.

Link River Dam Entrainment Estimates

At the Link River Dam, up to 6.7 million larvae could be entrained into the spillway gates every
year, based on an analysis we developed for the 2008 BO (USFWS 2008). However, that
number does not take into account the 80 percent reduction in adult population sizes that have
occurred since 1998, as described in section 7, Status of the Species. Therefore, when the 80
percent reduction in adult population size is factored in, the numbers of larval suckers annually
entrained at the Link River Dam is reduced to 1.3 million. When PacifiCorp’s Habitat
Conservation Plan (HCP; PacifiCorp 2013) is finalized later in 2013, nearly all of the Link River
flow will pass through the spillway gates of the dam, and consequently most of the take
occurring there will be attributable to the Project. Therefore during most of the term of this
BiOp, maximum annual larval entrainment due to Project operations is estimated to be no more
than 1.3 million. Because this estimate is based on current LRS and SNS population sizes and
further declines are likely, this number is higher than it will likely be during the 10-year term of
this BiOp.

Additionally, we estimated that up to150,000 age-0 juveniles could be entrained at the Link
River Dam every year, based on an analysis we developed for the 2008 BiOp (USFWS 2008).
However as discussed above for larvae, that number does not take into account the 80 percent
reduction in adult population sizes that have occurred since 1998. Therefore, when the 80
percent reduction in adult population size is factored in, the numbers of age-0 juvenile suckers
annually entrained at the Link River Dam is estimated to be no more than 30,000, once
PacifiCorp’s HCP is in place. Because this estimate is based on current LRS and SNS
population sizes and further declines are likely, this number is higher than it will likely be during
the 10-year term of this BiOp.

Annual entrainment of older juvenile (including sub-adults) and adult suckers at the Link River
Dam once PacifiCorp’s HCP is in place is estimated to be approximately 200, based on an
analysis we developed for the 2008 BiOp (USFWS 2008). Reducing this by 80 percent as was
done above for larvae and juveniles, equates to an annual entrainment at the Link River Dam by
the Project of fewer than 40 older juvenile and adult suckers per year.

Based on the analysis presented above, annual entrainment of suckers at the A Canal plus at the
Link River Dam as a result of Project operations could be up to 1.9 million, 95 percent of which
1s comprised of larvae. Assessing the effects of this entrainment by the Project is complex
because some entrainment would likely occur even if there was no storage or delivery of water
by the Project. Also, the overall contribution of Project operations to loss of larval and juvenile
suckers at the outlet of UKL is difficult to separate from other factors such as natural emigration,
down-lake transport related to wind-generated currents, and transport of debilitated fish that
might otherwise die from disease or predation if they remained in the lake.

We assume that most of the larvae entrained at the A Canal will likely die from adverse water
quality, passing through pumps and being discharged onto agricultural fields or die when the
irrigation canals are drained at the end of the season. Although we do not have specific data on
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survival rates, we know that some of these larvae survive because juveniles are found in the
canal system when they are drained at the end of the irrigation season. Up to 1,500 age-0
juveniles are salvaged as at the end of the irrigation season and moved to permanent water bodies
such as UKL where they are more likely to survive (Kyger and Wilkens 2010a).

Because of the higher summer flows in the Link River that are needed to meet Project irrigation
and environmental needs, this likely results in greater entrainment of age-0 juveniles than would
occur if there was no storage and delivery of water to the Project. Although fewer age-0
juveniles are entrained by the Project than larvae, loss of age-0 juveniles is more critical because
of the lack of recruitment into the aging adult populations of the LRS and the SNS in UKL. The
significance of this effect to UKL populations of the LRS and the SNS is likely to be magnified
if the lack of recruitment into the adult population continues and the existing adult population
continues to age and decline.

Entrainment rates at the A canal and Link River Dam due to Project operations are substantial
although other factors are involved as discussed above. Nevertheless, we anticipate that adverse
effects of entrainment to the declining adult sucker populations in UKL as a result of Project
operations will be minimized through the proposed relocation of adult suckers to UKL from
Lake Ewauna and the proposed controlled-propagation program, both of which are discussed
below.

The modified proposed action, mentioned above Sections 4 and 8.3.1.1, will not result in
entrainment rates different from those analyzed above because the modified flows at the Link
River Dam are within the range considered in the above analysis.

8.3.2 Effects to LRS and SNS Populations in the Keno Reservoir and Below Keno
Dam

Small numbers of the LRS and the SNS (with SNS dominating) reside in the Keno Reservoir and
in the downstream hydropower reservoirs operated by PacifiCorp (Desjardins and Markle 2000,
PacifiCorp 2004, Korson et al. 2008, Kyger and Wilkens 2011a, Phillips et al. 2011). Poor
habitat conditions and nonnative fishes are thought to be responsible for the small numbers of
LRSs and SNSs present in these reservoirs (Desjardins and Markle 2000, Piaskowski 2003;
USFWS 2007¢, 2008).

The proposed action has a variety of potential effects to the LRS and the SNS below the Link
River Dam. Entrainment in Project facilities is one concern because Reclamation diverts water
at the Lost River Diversion Channel, and North and Ady Canals. Also, there are approximately
50 smaller diversions, some of which are part of the Project; most of these lack appropriate
screens. One potential effect of the Project on suckers in the Keno Reservoir is the degraded
water quality, the result of nutrient-rich agricultural return flows entering the reservoir at the
Straits Drain and from the Lost River Diversion Channel in winter/spring (ODEQ 2010).
However, overall, the diversion of water from UKL through the Project results in a net reduction
of nutrients entering Keno Reservoir from UKL (ODEQ 2010).

No known sucker spawning habitat exists in the Klamath River between the mouth of the Link
River and Keno Dam (Buchanan et al. 2011). However, some sucker spawning activity has been
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observed in the lower Link River, upstream from the west side hydropower facility (Smith and
Tinniswood 2007). It is unclear how the proposed Project operations affect upstream passage of
suckers in the Link River; both high and low flows could restrict upstream passage, but
intermediate flows might improve passage (Mefford and Higgs 2006). The proposed Project
operations include ramping rates and minimum flows downstream from the Link River when
suckers are present to reduce stranding that should eliminate nearly all of the adverse effects
from ramping and low flows on affected individuals.

The proposed Project operations maintain a surface elevation in the Keno Reservoir of 4,086.5 ft
(1,245.6 m), except for several days during the spring when the surface elevation is drawn down
2 ft (0.6 m) to facilitate maintenance of irrigation facilities. Stable surface elevations in the Keno
Reservoir could inhibit development of additional wetland habitats and degrade the quality of
existing wetlands (USFWS 2007c). Although current maximum water levels in Keno Reservoir
are thought to be similar to those that occurred naturally because of a reef near Keno that
controlled water levels (Weddell 2000), minimum elevations could have been lower historically
due to lower flows from UKL in the summer and fall. The proposed action in Keno Reservoir is
not anticipated to affect the availability of deeper habitats used by older juvenile and adult
suckers.

Sampling in the Lost River Diversion Channel and near the Ady and North Canals indicates that
juvenile suckers are present in low numbers near both locations during the summer (Phillips et
al. 2011). Their presence near these diversions suggests that suckers could be entrained by the
Lost River Diversion Channel and other Project diversions in the Keno Reservoir, but the
number of suckers entrained at facilities downstream from Link River Dam is thought to
progressively decrease downstream because some die and others likely remain in each reservoir,
so fewer are dispersing downstream (USFWS 2007c), thus entrainment is expected to be
substantially lower in the Keno Reservoir diversions than at Link River Dam.

Downstream from Keno Dam, effects of the Project on LRS and SNS are likely small in
comparison to other effects because there are fewer suckers present in the reservoirs, so effects
are primarily limited to changes in water quality (USFWS 2007¢). The Project could also affect
water quantity downstream, but this is likely minor because PacifiCorp regulates releases
through the dams for hydropower production and keeps the reservoirs full, except for daily
changes in reservoir elevations for hydroelectric generation.

In the Keno Reservoir the proposed action could have a variety of adverse effects to the LRS and
the SN, including entrainment into Project facilities and adverse water quality. Below Keno
Dam, effects are likely limited to reduced water quality. What the effects of reduced water
quality are to the LRS and the SNS is unknown and are not likely to be substantial at a
population level because of the low numbers of suckers present in the reservoirs; however, any
loss of suckers is adverse given the declining status of both species in the UKL recovery unit.

8.3.3 Summary of Effects of the Proposed Action to the UKL Recovery Unit

The UKL Recovery Unit is essential for the survival and recovery of the LRS and the SNS
because the UKL Recovery Unit contains one of only two previously self-sustaining LRS
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populations, and contains the largest LRS population remaining within its range. This recovery
unit contains one of only three previously self-sustaining SNS populations. For these reasons,
the UKL Recovery Unit is essential for species redundancy and resiliency.

As described above, the proposed action is likely to have a variety of effects to the LRS and SNS
populations in the UKL recovery unit. Some beneficial effects of the proposed action are likely
to include: (1) water storage in winter in UKL that results in increases in spawning habitat and
young-of-the year nursery habitat in most years, and (2) lake level variations that could help
maintain marsh vegetation that requires air exposure for seedling growth.

Adverse effects to LRS and SNS populations in the UKL Recovery Unit as a result of the
proposed action are likely to include: (1) decreases in age-0 juvenile and adult habitat between
July and October; (2) increased risk of disease and bird predation for juveniles and adults at the

lowest water levels; (4) substantial entrainment of larvae and age-0 juveniles at the A Canal and
Link River Dam.

We also anticipate that adverse effects to the declining adult sucker populations in this recovery
unit as a result of Project operations will be minimized through the proposed relocation of adult
suckers to UKL from Lake Ewauna and the proposed controlled-propagation program, both of
which are discussed below.

Proposed Project operations are compatible with the annual production of millions of LRS and
SNS eggs and larvae at UKL by the sucker populations spawning in the Williamson and Sprague
Rivers. Proposed Project operations are likely to cause seasonal habitat losses at UKL affecting
embryo, larval, juvenile, and adult suckers, and entrainment of all life stages, and the

significance of those effects are magnified by the lack of recruitment into the adult breeding
populations which are aging and in decline. However, most of the adverse effects caused by
proposed Project operations to habitat for sucker spawning and early life-stages are unlikely to
occur during the 10-year term of the proposed Project operations because of the low frequency of
the lake elevations causing those adverse effects, based on modeling of the POR.

Project-related adverse effects to age-0 juveniles are more likely to occur because those lake
levels occur at a higher frequency of modeled years. Project-related habitat effects to older
juveniles and adults that use deeper water are unlikely to occur during the term of the proposed
action because of the low frequency of the lake elevations causing those effects based on
modeling of the POR. Effects of the proposed action to water quality in UKL are unlikely, but
they are more likely to occur downstream in Keno Reservoir where Project agricultural water is
discharged. However, effects coming from the Project are likely to be small relative to other
effects.

Project-related effects at UKL that are most likely to rise to a population-level are entrainment of
juvenile suckers because of the large numbers entrained and the relative importance of juveniles
in terms of likely contributing to recruitment. If there is a small level of recruitment occurring in
UKL, which is likely, then any loss of young suckers by entrainment or other actions resulting
from Project operations would reduce recruitment. Given the lack of documented recruitment
into the adult populations of the LRS and the SNS at UKL since the late 1990s, such recruitment
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at UKL during the 10-year term of the proposed action is essential to the survival and the
recovery of the LRS and the SNS given the important role that UKL plays in the conservation of
these species. We anticipate that adverse effects to the declining adult sucker populations in
UKL as a result of Project operations will be minimized through the proposed relocation of adult
suckers to UKL from Lake Ewauna and the proposed controlled propagation program, both of
which are discussed below.

8.3.4  Effects of the Proposed Action to the Lost River Subbasin Recovery Unit of
the LRS and the SNS

As described in section 7, Status of the Species, of this BiOp, the Lost River Basin recovery unit
for the LRS and the SNS consists of the following water bodies: (1) Clear Lake and tributaries;
(2) Tule Lake; (3) Gerber Reservoir and tributaries; and (4) the Lost River (USFWS 2013). This
analysis relies on the survival and recovery function assigned to each of these units to express the
significance of anticipated effects of the proposed Project operations on these species. The
proposed Project operations is likely to affect habitat availability for most LRS and SNS life-
history stages, including larvae, age-0 juveniles, older juveniles, and adults. There is no known
shoreline spawning in any of the water bodies in this recovery unit, so embryos and pre-swim-up
larvae will not be affected. Additionally, because there is no emergent wetland vegetation in
Clear Lake or Gerber Reservoir, the proposed action will not affect that habitat. High turbidity
in Clear Lake and Gerber Reservoir likely provides cover to early sucker life-history stages
similar to that provided by wetland vegetation in UKL (USFWS 2008).

8.3.5 [Effects to LRSs and SNSs in Clear Lake

Clear Lake has sizeable populations of the LRS and the SNS, and may have the overall largest
SNS range-wide population (<25,000; Barry et al. 2007c, 2009; Hewitt, USGS, pers. comm.
2012), but the LRS populations is likely much smaller than in UKL (10,000 in Clear Lake vs.
>50,000 in UKL). Management of Clear Lake under the proposed action will continue to
provide an annual minimum surface elevation of not less than 4,520.6 ft (1,377.9 m) on
September 30™ of each year (USBR 2012).

Under the proposed action, Reclamation plans to estimate irrigation water supplies and ensure
lake levels stay above the minimum using a method similar to process that described in previous
consultations (USFWS 2002, 2008). Clear Lake management consists of the following.
Beginning about April 1 of each year, the April through September inflow forecast, current
reservoir elevation, estimated leakage and evaporative losses, and an end-of-September
minimum elevation of 4,520.6 ft (1,377.9 m) are used to predict available irrigation supplies for
Clear Lake (USBR 2012). The estimated water supply is frequently updated, based on revised
inflow forecasts and changes in surface elevations, through the irrigation season. In-season
updates inform the decisions to curtail or terminate irrigation deliveries to avoid going below the
minimum surface elevation (USBR 2012).
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8.3.5.1 Effects to Adult Sucker Spawning and Migration

Water management at Clear Lake resulting in low lake levels could adversely affect the LRS and
the SNS by limiting access to Willow Creek during drought conditions (USFWS 2002, 2008).
The magnitude of this impact to suckers in Clear Lake is difficult to evaluate due to the
combined effects of the proposed Project operations, the high seepage and evaporative losses,
lack of a long-term dataset of sucker migrations, and the sporadic nature of Willow Creek
discharges. Nevertheless, adult suckers appear to enter the creek on a combined cue of creek
discharge and lake elevation (Barry et al. 2009, USBR 2012). Thus, in years when lake levels
are low prior to the spawning season and there are no substantial inflows, spawning migrations
are relatively small in terms of sucker numbers. However, if lake levels are low early in the
season but there are high inflows, as happened in 2011, lake levels can rise quickly, ensuring
access into Willow Creek by the time suckers need to enter for spawning (USBR 2012). Thus, it
appears that low lake levels per se are not a threat to spawning in most years, but they might be
important during years of intermediate levels with intermediate flows. More studies must be
completed to more fully understand this relationship. Based on best available information (Barry
et al. 2009, USBR 2012), the USFWS concludes that proposed Project operations at Clear Lake
over the 10-year term of this BiOp are likely to provide adequate access to spawning habitat in
most years.

Taking into account that adult LRS and SNS are long-lived fish, the proposed Project operations
should provide sufficient access to spawning habitat for spawning to occur at a frequency which
will be sufficient to maintain a diverse age-class structure and will result in sufficient adults to
maintain resiliency. Thus, proposed Project operations are not likely to represent a significant
limiting factor for migration and spawning success at Clear Lake.

8.3.6  Effects to Habitat for Larvae and Age-0 Juveniles

At Clear Lake, larval and age-0 juvenile suckers likely use shallow nearshore areas just as they
do in UKL, but not wetland vegetation because that is lacking in Clear Lake. Because Clear
Lake is large and shallow has little substrate diversity compared to UKL, the reduction in water
depth due to the combined effect of irrigation diversions and evaporation and leakage is unlikely
to limit the availability of habitat for larvae or age-0 juveniles, except at the lowest water levels.
Additionally, because spawning is associated with high-flow events, as mentioned above, years
with substantial larval production are likely to coincide when lake elevations are relatively high
due to large inflows. Consequently, substantial age-0 production is most likely to occur in wet
years when the amount of habitat is substantial, and thus young-of-the-year habitat is not likely
to be limiting. Therefore, proposed Project operations are not likely to limit larval and age-0
juvenile habitat.

8.3.6.1 Effects to Habitat of Older Juveniles and Adults

We assume that, when available, older juvenile (including sub-adults) and adult suckers in Clear
Lake use habitats similar to suckers in UKL, such as water depths greater than 6 ft. Although the
west lobe of Clear Lake has water depths greater than 20 ft (6.1m) during wet periods, much of
the lake is shallow, especially the east lobe, which during droughts has a bottom elevation of
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about 4,520 ft (1,378 m), and is effectively unavailable to adult suckers when water levels are
less than about 4,523 ft (1,379 m). Based upon the POR, there is a 20 percent probability (which
equals approximately 22 years out of 110 year POR) that lake levels will reach of 4,523 ft (1,379
m) or less during the year (Table 8.8). Thus, based on the POR, 20 percent of the time lake
levels during the term of this BiOp are likely to be at an elevation that is likely to cause adult
suckers to avoid the west lobe of the lake or expose them to increased risk of pelican predation.

At the proposed action minimum surface elevation of 4,520.6 ft (1,377.9 m) at the end of
September most of the east lobe is dry, except for the deeper pool nearest the dam into which
Willow Creek flows. Based on the POR, elevations this low should be rare, because they
occurred in the POR at a frequency of 5 percent (approximately 6 years out of 110 years).
However, because 2 of the 8 years in the POR when this happened were in the past decade (2004
and 2010), the incidence of low lake levels is likely to be greater during the term of this BiOp
than the POR suggests.

During droughts, the proposed action at Clear Lake is anticipated to adversely impact older
juvenile and adult suckers by reducing habitat availability, particularly lake surface area and
depth. When water depths are shallow, suckers could experience reduced body condition (i.e.,
be thin and have low fat reserves), have increased rates of parasitism, and be in poor health,
which can lead to low productivity and perhaps increased mortality (USFWS 2008).
Additionally, because in some years there is a large pelican rookery in Clear Lake, pelican
predation is also likely to increase due to shallow water depths, as mentioned above.

It should be noted that low water levels in Clear Lake were likely normal prior to the
construction of the Clear Lake Dam. In fact, much of the east lobe was a meadow that was used
to grow hay (USFWS 2002). Reclamation’s 1905 map of Clear Lake shows that the deeper area
of the east lobe was a marsh. Thus, historically, LRS and SNS in Clear Lake apparently had to
cope with and adapted to varying water levels.

The minimum lake elevation being proposed for Clear Lake (i.e., 4,520.6 ft [1,377.9 m]) has not
changed from minimums previously consulted on. Current monitoring data for SNS shows
evidence of frequent recruitment (i.e., multiple size classes are present; Hewitt and Janney 2011).
Therefore, it appears that droughts and resulting low lake levels, although are likely to have
adverse effects, has not resulted in population-level effects that we have detected and thus,
varying lake levels do not appear to be limiting the persistence of SNS in Clear Lake.

Current data for LRS indicates that there has been little recent recruitment in Clear Lake (Hewitt
and Janney 2011), as described in section 7, Status of the Species. The cause of this problem is
unknown. However, so called “recruitment droughts” are common among western lake suckers
(Scoppettone and Vinyard 1991); although the causes are unknown and all western lake suckers
are affected to some degree by water management. We don’t know exactly what is limiting LRS
recruitment but Project operations cannot be ruled out because there are several potential ways
that lake level management resulting in low lake levels could affect recruitment, including
drought stress and increased vulnerability to pelican predation. However, low lake elevations
below 4,523 ft (1,379 m) are likely to be uncommon events based upon the POR and therefore
not likely to be limiting the persistence of LRS in Clear Lake.
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Table 8.8 Clear Lake surface elevation probabilities in ft for the period of 1903 through 2012 (USBR 2012, Table 6-3).

Probability Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep
(Percent)
5 4,519.8 4,519.7 4,519.8 4,5199 4,521.5 4,522.8 4,523.0 4,522.6 4,521.2 4,520.4 4,519.5 4,5194
10 4,521.6 4,521.8 4,522.1 4,522.4 4,523.0 4,5243 4,525.0 4,524.8 4,523.8 4,522.8 4,521.6 4,521.4
15 4,522.0 4,522.2 4,5229 4,5233 4,5243 45259 4,526.0 4,525.7 4,524.7 4,523.4 4,522.1 4,521.8
20 4,523.3 4,523.4 4,524.2 4,524.6 4,5254 4,526.6 4,527.3 4,526.8 4,5259 4,524.7 4,523.6 4,523.0
25 4,524.1 4,5242 4,5249 45254 4,526.0 4,527.2 4,528.5 4,527.7 4,527.2 4,526.1 4,5249 4,524.2
30 4,524.6 4,5249 4,526.0 4,526.3 4,526.7 4,527.7 4,528.8 4,528.8 4,527.8 4,526.5 4,525.5 4,524.8
35 4,525.8 4,526.0 4,526.5 4,527.0 4,527.4 4,528.7 4,529.6 4,529.3 4,528.7 4,527.7 4,526.6 4,526.2
40 4,526.7 4,526.7 4,526.9 4,527.5 4,528.3 4,529.8 4,530.9 4,530.6 4,529.9 4,528.8 4,527.7 4,527.1
45 4,527.2 4,527.4 4,528.0 4,528.6 4,529.6 4,530.6 4,531.5 4,531.1 4,530.3 4,529.1 4,528.2 4,527.5
50 4,528.3 4,528.3 4,528.6 4,529.2 4,530.4 4,531.3 45323 4,532.0 4,531.3 4,530.4 4,529.7 4,529.0
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8.3.6.2 Effects to the LRS and the SNS in Clear Lake from Water Quality

Water-quality monitoring at Clear Lake over a wide range of lake levels and years documented
conditions that were adequate for sucker survival during most years (USBR1994, 2001, 2007,
2009). Thus, although low water levels could result in degraded water quality, particularly
higher temperatures, and lower DO concentrations (USFWS 2008), the conditions have been
within the range that is tolerated by suckers and therefore are not a limiting factor for persistence
of SNS and LRS in Clear Lake.

In October 1992, the water surface elevation of Clear Lake was as low as 4,519.4 ft (1,377.5 m)
before the onset of a hard winter, and no fish die-offs were observed, although suckers exhibited
poor condition the following spring (USBR 1994). It is uncertain what caused the low condition
factor, but it could be related to reduced water quality, crowding and competition for food,
parasites, or a combination of these were responsible for impacts to suckers following winter
1992-1993. Based on this, very low lake levels in Clear Lake could pose a potential risk to
listed suckers from adverse water quality. However, LRS and SNS populations have persisted
under past Project management and that management is not proposed to be changed. Therefore,
we do not expect low winter lake levels above 4,519.4 ft (1,377.5 m) to be a limiting factor for
LRS and SNS in Clear Lake.

8.3.6.3 Effects of Entrainment and Stranding Losses of LRS and SNS at Clear Lake

The outlet at Clear Lake Dam is screened to reduce fish entrainment. Based on the screen
design, Reclamation assumes no downstream losses of fish greater than about 1.4 in (35 mm)
total length (USBR 2012). However, approach velocities have not been measured under a range
of flows and lake levels, so they could at times exceed the screen’s design criteria and result in
impingement of suckers. Because the screen at this dam does not have sweeping flows to help
fish move past the screen to a bypass, impingement could be occurring at higher flow velocities.

Suckers at Clear Lake Dam smaller than about 1.4 in (35 mm) total length are likely to be
entrained through the fish screen because of the close proximity of the dam to the Willow Creek
outlet, and the overlap between the seasonal timing of larval sucker emigration from the creek
and irrigation deliveries in May and June (USBR 2012). Entrainment of older juvenile and adult
suckers at the dam is prevented by the fish screen, and impingement of large suckers is unlikely
because large fish can swim fast. Although the effects of entrainment has not been assessed at
Clear Lake, the fact that there has been frequent recruitment of SNS, suggests it is unlikely that
entrainment is a significant limiting factor to the persistence of the SNS. We assume that larval
LRS are likely to be equally vulnerable to entrainment as SNS. Therefore, the lack of recent
recruitment by LRS in Clear Lake is unlikely due to entrainment.

During droughts, the risk of stranding of juvenile suckers is increased at Clear Lake. For
example, in 2009, the pool of water near the dam became disconnected from the east lobe of
Clear Lake in July when the lake reached a surface elevation of about 4,522.0 ft (1,378.3 m) and
48 juvenile suckers were captured in the forebay of the dam and moved to the west lobe of Clear
Lake (USBR 2012). The pool nearest the dam is the only known area at Clear Lake that poses a
stranding risk. However, it is possible that other unidentified areas exist where stranding could
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occur, especially in the west lobe. The forebay area is likely unique because the greater depths
there likely attract suckers as water levels recede. However, given the low numbers of juvenile
suckers salvaged in 2009, it is not likely that the level of adverse effects from stranding in the
forebay represents a significant limiting factor to the persistence of LRS and SNS in Clear Lake.

8.3.6.4 Summary of Effects to LRS and SNS in Clear Lake

Based on the analysis presented above, the effect of the proposed action to suckers in Clear Lake
likely includes: (1) reduction of adult rearing habitat and resulting increased risk of pelican
predation, reduced productivity, and increased parasitism occurring during a prolonged drought;
(2) entrainment of sucker larvae at the dam; and (3) stranding of juveniles at low lake levels. The
most substantial adverse effect is likely to be the loss of adult habitat during droughts because
that could lead to a reduction in their condition and consequently reduced productivity and
perhaps reduce egg production or survival. The lack of recent LRS recruitment in Clear Lake is
troubling and low lake elevations could adversely affect productivity of adult LRS. However,
lake elevations below 4,523.0 ft (1,378.6 m) are rare events based upon the POR and therefore
not likely to be limiting the persistence of LRS in Clear Lake.

8.3.7 Effects to the SNS in Gerber Reservoir

Only SNS, not LRS, occur in Gerber Reservoir and there is evidence that have intercrossed to
some degree with the Klamath largescale sucker (USFWS 2008). The proposed action at Gerber
Reservoir, which is unchanged from past operations identified in pervious USFWS BiOps, is
designed to ensure that the surface elevation is at or above 4,798.1 ft (1,462.5 m) on September
30 (USBR 2012, Table 4-15). Table 8.9 shows the Gerber Reservoir end-of-month elevations
over the 1925-2012 POR.

Annual water supply projections are made for Gerber Reservoir in a similar way to those for
Clear Lake. On approximately April 1 of each year, the current April through September inflow
forecast, current reservoir elevation, estimated leakage and evaporative losses, and an end-of-
September minimum elevation of 4,798.1 ft (1,462.5 m) are used to determine available
irrigation supplies from Gerber Reservoir (USBR 2012). The available water supply is updated
with new inflow forecasts and surface elevations as the irrigation season progresses. In-season
updates inform the decisions to curtail or terminate irrigation deliveries to avoid going below the
minimum end-of-September surface elevation. The adequacy of proposed operations relative to
the surface elevation of Gerber Reservoir and SNS life history requirements are discussed below.

8.3.7.1 Effects of Proposed Operations to Gerber Reservoir Adult SNS Spawning and
Migration

Access to Ben Hall and Barnes Valley Creeks, which are the main Gerber Reservoir tributaries
where SNS spawning occurs, requires a minimum surface elevation of about 4,805.0 ft (1,464.6
m) during the February through May spawning season (USFWS 2008). During very dry years,
both Barnes Valley and Ben Hall Creeks typically have low spring flows that are unlikely to
provide adequate upstream passage for spawning adults, regardless of lake elevations (USBR
2001a). During these conditions, spawning cues are also unlikely to be present. Although the
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Gerber Reservoir surface elevations at the end of September have been observed below the
proposed minimum elevation of 4,798.1 ft (1,462.5 m) in 5 years during the POR (1931, 1960,
1961, 1991, and 1992), surface elevations of at least 4,805.0 ft (1,464.6 m) were reached in these
years the following spring by the end of March (USBR 2012, Appendix 6B).
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Table 8.9 End of the month surface elevation probabilities in feet for Gerber Reservoir, 1925 through 2012. Source: USBR 2012, Table 6-4.

Probability  Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

(Percent)
5 4,798.0 4,798.7 4,800.7 4,799.7 4,804.9 4,809.1 4,810.0 4,809.6 4,808.1 4,805.0 4,801.6 4,798.2
10 4,802.9 4,804.2 4,805.6 48052 4,807.7 48134 48159 48164 4,8133 4,809.1 4,805.6 4,802.5
15 4,804.4 4,805.4 4,808.2 4,808.7 4,810.8 48152 4,818.8 4,817.8 4,815.5 4,.811.4 48079 4,804.2
20 4,806.6 4,807.1 4,809.0 40811.8 4,812.7 4,817.6 4,820.3 4,819.2 48165 4,812.5 4,809.1 4,806.0
25 4,807.8 4,808.4 48109 4,813.2 48145 4818.8 4,821.4 4,8203 48173 4,813.8 4,810.8 4,807.4
30 4,809.6 4,810.5 4,811.8 48140 48158 4,820.1 4,822.4 4,8209 4,818.6 48151 4,812.7 4,809.4
35 4,811.2 48112 4.813.6 48150 4817.1 4,821.6 4,8244 4,822.6 4,8195 4,.816.1 48133 42811.6
40 4,812.6 4,812.6 48148 428164 44817.8 4,822.6 4,8253 4,823.6 4,821.6 4,.818.8 48157 4,812.7
45 4,814.1 4,8143 48160 4.817.1 42818.2 4,824.0 4,826.9 4,8252 4,822.7 4,819.8 4,.816.6 48142
50 4,815.4 48156 4,.817.7 42817.8 4,820.0 4,824.9 4,827.7 4,826.6 4,824.1 4,820.8 4,818.0 4,815.7
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Based on surface elevations from the POR for Gerber Reservoir, the proposed action, which
maintains the current lake management of a minimum surface elevation of 4,798.1 ft (1,462.5 m)
at the end of September, will likely maintain access to spawning habitat during spring the
following year. Therefore, the proposed action in Gerber Reservoir is likely to provide adequate
access to spawning habitat and provide for the annual production of SNS larvae. Thus, annual
production of larvae is not likely to be a limiting factor for SNS in Gerber Reservoir.

8.3.7.2 Effects to Gerber Reservoir Habitat for All SNS Life Stages

The effects of low water levels in Gerber Reservoir on SNS habitat use, population size, age-
class distribution, recruitment, or decreased body condition are not fully understood. However,
available information (Barry et al. 2007c, Leeseberg et al. 2007) indicates that the Gerber
Reservoir SNS population has remained viable (i.e., shows evidence of regular recruitment and
high abundance) under the current management regime (USFWS 2008). Because the proposed
action is unchanged from past operations, low lake elevations resulting from Project operations
are unlikely to limit the persistence of SNS in Gerber Reservoir.

8.3.7.3 Effects to SNS in Gerber Reservoir as a Result of Water Quality

Water quality monitoring in Gerber Reservoir over a wide range of lake levels and years has
documented conditions that are periodically stressful, but typically adequate, for sucker survival.
Stressful water quality conditions were limited to hot weather conditions that created high water
temperatures (USBR 2001a, 2007, 2009; Piaskowski and Buettner 2003; Phillips and Ross
2012). Periodic stratification during summer and fall in the deepest portion of Gerber Reservoir
can result in DO concentrations that are stressful to suckers (Piaskowski and Buettner 2003).
However, stratification in Gerber Reservoir has been observed persisting for less than a month,
and is confined to the deepest water in a small portion of the reservoir nearest the dam
(Piaskowski and Buettner 2003). This low DO condition is likely more the result of
climatological conditions, such as high air temperatures and low wind speeds, than lake surface
elevations because shallower depths would likely increase mixing of bottom waters and this
increase DO concentrations.

Blooms of blue-green algae can also reach densities in the fall and winter high enough to prompt
advisories by the State of Oregon, but it is unknown if these blooms are directly or indirectly
impacting SNS in this reservoir, or if Project operations affect the blooms.

The minimum proposed elevation for the end of September of 4,798.1 ft (1,462.5 m) in Gerber
Reservoir will likely provide adequate water depths for protection against winter kill of SNS,
which has apparently not occurred in the past during cold weather events where this elevation
was maintained (USFWS 2008).

Based on the stability of the SNS population in Geber Reservoir, and the fact that proposed

Project operations will be unchanged from past operations, adverse effects from water quality are
not likely to limit the persistence of SNS in Gerber Reservoir.
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8.3.7.4 Effects of Entrainment Losses of SNS at Gerber Reservoir

Past efforts to quantify entrainment or salvage-stranded suckers in Miller Creek downstream
from Gerber Dam as a result of Project operations suggest that several hundred age-0 and older
juvenile suckers are annually entrained at the dam as result of Project operations (Hamilton et al.
2003). Based on the quantities of water delivered in the past decade and the proposed action,
Reclamation assumed several hundred age-0 and older juvenile suckers will be annually
entrained under the proposed action (USBR 2012). Larval and age-0 juvenile suckers are also
likely entrained, but this has not been studied.

The proposed action includes opening of Gerber Dam frost valves at the end of the irrigation
season that, which allows for a flow of approximately 5 cfs (0.1 m*/sec) in Miller Creek.
Downstream accretions from seeps and storm runoff increase the actual instream flow within
Miller Creek. This flow may still not be sufficient to allow for stream pool connectivity (USBR
2012) and consequently some suckers are likely to be stranded stream pools and die at the end of
the irrigation season.

There is likely to be entrainment losses of larval, juvenile and adult suckers as a result of the
proposed action at Gerber Reservoir. However, available information (Barry et al. 2009, 2007a,
Leeseberg et al. 2007) indicates that the Gerber Reservoir SNS population has remained
moderately large and has frequent recruitment under the current management regime, and so we
anticipate this will continue under the proposed action. Thus, levels of entrainment that are
likely to occur with implementation of the proposed action and the resulting adverse effects to
SNS are unlikely to occur at a level that limits the persistence of SNS in Gerber Reservoir.

Summary of Effects to LRSs and SNSs in the Gerber Reservoir

Based on the analysis presented above, the USFWS concludes that most of the biological effects
of the proposed action to SNS in Gerber Reservoir are likely to be compatible with the
conservation needs of the SNS. Entrainment is likely to be the most significant adverse effect,
but because the SNS population has remained viable with current levels of entrainment, and
operations is not anticipated to change, adverse effects are unlikely to occur at a level that limits
the persistence of SNS in Geber Reservoir.

8.3.8 Effects to the LRS and the SNS in Tule Lake Sump 1A

Tule Lake consists of two sumps: Sump 1A (9,000 ac [3,642 ha]) and Sump 1B (4,000 ac [1,619
ha]). There is a small population of the LRS and the SNS located in Sump 1A. Only, a few
suckers have ever been documented in Sump 1B, despite the fact that there is access to Sump 1B
from 1A (Freitas et al. 2007). It is unknown why suckers do not inhabit Sump 1B, but in an
effort to better understand this situation, 18 radio-tagged suckers were experimentally put into
Sump 1B in 2011 to assess their movements and survival. All, of these suckers returned to Sump

1A when access became available in 2012, confirming that, for unknown reasons, suckers prefer
Sump 1A.
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Although suckers in Sump 1A look healthy, based on observations of their condition factor
(body fullness and low incidence of disease and parasites; Hodge and Buettner, 2007-2009), lack
of spawning habitat probably prevents them from reproducing. These, populations appear to be
maintained by emigration from elsewhere, probably UKL (USFWS 2008). Water levels in the
Tule Lake sumps have been managed according to criteria set in previous BiOps (USFWS 2002
2008). The proposed action will continue to manage Tule Lake Sump 1A for a surface elevation
0f 4,034.6 ft (1,229.8 m) from April through September and an elevation of 4,034.0 ft (1,229.6
m) from October through March to provide habitat with areas of water depth greater than 3 ft (1
m) for older juveniles and adults (USBR 2012).

8.3.8.1 Effects to Adult LRS and SNS Spawning and Migration in Tule Lake Sump 1A

A minimum surface elevation of 4,034.6 ft (1,229.8 m) from April 1 to September 30 in Sump
1A was determined to provide sucker access to spawning areas below Anderson Rose Dam
(USFWS 2002, 2008). The proposed action, which continues to manage Sump 1A for a surface
elevation of 4,034.6 ft (1,229.8 m) from April through September, is not likely to adversely
affect sucker access to areas below the Anderson Rose Dam due to surface elevations in the
sump when conditions, such as flows, encourage spawning. However, it appears that successful
reproduction is limited by a lack of suitable substrates and flows at the dam.

It is not clear to what degree Project operations are responsible for the variable flows in the Lost
River because flows are affected by run-off; however, flows are regulated by Anderson Rose
Dam, which is part of the Project. Thus, Project operations are in-part responsible for these
variable flows and the loss of spawning substrate. Therefore, although proposed Project
operations will provide elevations that support access to areas that historically were used for
spawning, lack of suitable substrate due to past habitat alterations and past operational flows
continues to limit the ability of LRS and SNS populations in Tule Lake to spawn unless dams are
removed, flows regulated, and significant habitat restoration efforts are implemented.

8.3.8.2 Effects to LRS and SNS Larvae and Age-0 Juveniles Habitat in Tule Lake

The wetland area of Tule Lake Sump 1A near the Lost River outlet likely provides habitat for
larvae and young juveniles, assuming that larval and age-0 juvenile suckers occur in Tule Lake
and utilize nearshore and vegetated habitats similar to suckers in UKL. The minimum elevation
0f'4,034.6 ft (1,229.8 m) should provide adequate habitat for larval and juvenile LRS and SNS
life stages because the proposed water levels will inundate hundreds of acres of emergent marsh
habitat (USFWS 2008). Thus, the proposed action at Tule Lake is unlikely to limit larval and
age-0 juvenile habitat.

8.3.8.3 Effects to Habitat for 1+ Juveniles and Adult LRS and SNS in Tule Lake
Water depth as cover for age 1+ suckers (age 1+ juveniles includes older juveniles) is limited

due to the shallow depth of Tule Lake sump 1A, which are mostly less than 4 ft (1.2 m). One

reason for the shallow depths is because sediment is being transported downstream in the Lost
River and collects in Tule Lake which is the terminus of the Lost River (USFWS 2002, 2008a).

163



The source of the sediment is unknown, but likely is in part from runoff, some of which could
come from lands that use Project water.

Surface elevations in Tule Lake Sump 1A of 4,034.6 ft (1,229.8 m) from April through
September and 4,034.0 ft (1,229.6 m) from October through March appear to provide some areas
of water depth greater than 3 ft (1 m) for older juveniles and adults; however, depths of less than
4 ft (1.2 m) likely make suckers vulnerable to pelican predation, and there is continued concern
about the possibility of decreasing water depths in the future due to continued sedimentation
(USFWS 2008). However, maintaining higher lake elevations in Tule Lake is not feasible
because of the need to maintain certain maximum elevations to prevent flooding of surrounding
areas in wetter periods and to support feasible project operations. Therefore, the proposed
Project operations that are under the discretion of Reclamation are not likely to limit the
persistence of the non-reproducing populations of SNS and LRS suckers in Tule Lake Sump 1A.

8.3.8.4 Effects to LRS and SNS in Tule Lake from Water Quality

The proposed action will likely contribute to the poor water quality in the sumps, as a result of
the high nutrient concentrations of inflows and pesticide contamination of water reaching the
sumps, as discussed in section 7, Environmental Baseline, of this BiOp. Poor water quality in
Tule Lake may reduce the body condition and survivorship of individual suckers. Although, the
physical condition of adult suckers in Sump 1A is generally good (Hodge and Buettner 2007,
2008, 2009), we assume that adverse effects of poor water quality are more likely to affect young
suckers because of their higher metabolic rates. However, adverse effects to young suckers are
dependent on them being present. Because LRS and SNS are not known to reproduce in the
sumps because of the lack of suitable spawning habitat, young suckers are likely entering the
sump from upstream areas and young suckers have been put into the sump as a result of past
salvage efforts. Thus, at least small numbers of young suckers likely occur in the sump and any
that are present are likely to be negatively affected by adverse water quality that is partially a
result of Project operations. However, there is no evidence that these effects are limiting the
persistence of the LRS and SNS in Tule Lake.

8.3.8.5 Effects of Entrainment Losses of LRS and SNS in Tule Lake

There are five federally owned unscreened diversion points from Tule Lake sumps (R Pump, R
Canal, Q Canal, D Pumping Plant, N-12 Lateral Canal; USBR 2012). These diversions could
pose a threat to suckers in Tule Lake Sump 1A because of entrainment. However, this risk is
low because there are few young suckers present in the sump (Hodge and Buettner 2008, 2009).
Adult suckers are less likely to be entrained because of their better-developed avoidance
behavior and distribution in the sumps, which is mostly in offshore areas. Thus, the USFWS
concludes that levels of entrainment that would likely occur as a result of the proposed action in
Tule Lake are likely so small that it is not limiting the persistence of LRS and SNS in Tule Lake.

Summary of Effects to LRS and SNS Populations in Tule Lake Sump 1A

Based on the above analysis, the USFWS concludes the proposed action likely has minimal
adverse effects to suckers in Tule Lake Sump 1A. The primary concern is that proposed action
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maintains water levels that likely make suckers vulnerable to pelican predation. However,
maintenance of higher lake levels is not possible because it would increase the risk of flooding
surrounding areas and the need to have some amount of water above minimum elevations to
support project operations.

8.3.9 Effects to LRS and the SNS in the Lost River
8.3.9.1 Effects to Adult LRS and SNS Spawning and Migration in the Lost River
In the Lost River, SNS occur in small numbers, while LRS are present but very rare (Shively et
al. 2000). Between June and October 1999, USGS made 141 collections at 36 stations using a
variety of gear types, and obtained 87 SNS and one LRS (Shively et al. 2000). Most of the adult
sucker observations in the Lost River are from the upper Lost River above Bonanza, Oregon
(Shively et al. 2000). There are very few age 1+ juvenile or adult suckers residing in the lower
Lost River below Wilson Dam (USBR 2001a, USFWS 2002). No adult suckers were captured in
the USGS 1999 effort below Wilson Dam. Much of the fish habitat, including spawning habitat,
in both the upper and lower Lost River is fragmented by dams and the irregular flows that affect
adult sucker passage between habitats (Shively et al. 2000, USBR 2009, ODEQ 2010). Poor
water quality also contributes to loss and fragmentation of habitat in the Lost River (USBR
2009). The proposed action, which will result in seasonally variable flows in the Lost River, is
likely to cause both beneficial and adverse impacts by changing the amount of habitat. However,
since the USFWS has determined that the LRS and the SNS in this area not necessary for
recovery, the proposed Project operations in the Link River would not be considered an adverse
effect on the condition of the species.

8.3.9.2 Effects to LRS and SNS Larval and Age-0 Juvenile Habitat in the Lost River

Larval and age-0 juvenile suckers are likely present in the Lost River in very low numbers
because of limited spawning and rearing habitats and lack of upstream passage past dams, as
well as adverse water quality in the summer. As a result of water management under the
proposed Project operations during summer and fall, sucker habitat is likely increased in the Lost
River by an unknown amount. However, during the rest of the year the proposed action will
cause habitats to be fragmented as flows downstream of Clear Lake and Gerber Reservoir are
reduced or halted and discharges in the Lost River decline. The reduction of flows in both the
upper and lower Lost River caused by the proposed action is likely to cause stress to affected
suckers from crowding, lack of food and cover, increased predation and disease, and increased
risk of poor water quality (USBR 2007, 2009).

Based on this analysis, the USFWS concludes it is likely that the proposed action will contribute
to adverse habitat conditions in the Lost River for age-0 suckers. However, since the USFWS has
determined that the LRS and the SNS in this area not necessary for recovery, the proposed
Project operations in the Link River would not be considered an adverse effect on the condition
of the species.

8.3.9.3 Effects to Habitat for Older LRS and SNS Juveniles and Adults in the Lost River

Based on the report by Shively et al. (2000b), older juvenile and adult suckers, mostly SNSs,
reside in impounded areas or deep pools in the Lost River, except during the spring spawning
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period when they migrate upstream to the Big Springs area, Miller Creek, or above Malone Dam
(USBR 2001a, Sutton and Morris 2005).

Adult sucker habitat is fragmented within the Lost River because of dams and historic
channelization that created zone of poor habitat (USFWS 2008, USBR 2009). As with earlier
life stages, seasonal flow diversions under the proposed action, particularly flow reduction at the
end of the irrigation season in the Lost River, will have negative impacts on suckers in the Lost
River. Increased crowding of adult suckers into remaining available habitat at either the
impoundments or deep pools following reduced flows at the end of the irrigation season
adversely impact adult suckers in the Lost River. Inflows from groundwater and local runoff
during weather events in the fall and winter periodically likely lessen the impacts of reduced
habitat during the fall and winter months by reconnecting isolated areas of habitat (i.e., reservoirs
and deep pools).

Based on this analysis, the USFWS concludes it is likely that the proposed action will contribute
to adverse habitat conditions in the Lost River for older juveniles and adult suckers. However,
since the USFWS has determined that the LRS and the SNS in this area not necessary for
recovery, the proposed Project operations in the Link River would not be considered an adverse
effect on the condition of the species.

8.3.9.4 Effects to LRS and SNS from Water Quality in the Lost River

Agricultural runoff and drain water that enter the Lost River are likely to contain nutrients,
organics, pesticides, and sediment; these are likely to degrade sucker habitat through
deteriorating water quality (USFWS 2008, USBR 2009, ODEQ 2010). The effects of this water
on suckers would most likely be due to low DO concentrations, resulting from the nocturnal
respiration or decay of organic matter, as well as ammonia which is a byproduct of
decomposition (USFWS 2008). Pesticides are also likely present, at least in low or trace
concentrations in agricultural runoff and drain water, and have been detected in the lower Lost
River (Cameron 2008).

Adverse effects to LRS and SNS from Project runoff and drainage are most likely to occur in the
middle and lower Lost River because water quality in the river is worse in the downstream areas
(USBR 2009, ODEQ 2010). Sucker habitats in the lower river are downstream from large areas
of agriculture, including much of the Project-service area. Because water quality conditions in
the Lost River are due to both Project and non-Project effects, it is difficult to determine what
effects are due solely to the Project. However, periods of adverse water quality, regardless of the
source in the Lost River, are likely to negatively impact suckers. However, since the USFWS
has determined that the LRS and the SNS in this area not necessary for recovery, the proposed
Project operations in the Link River would not be considered an adverse effect on the condition
of the species.

8.3.9.5 Effects of Entrainment Losses in the Lost River

Reclamation documented 130 diversions in the Lost River area; most are small pumped
diversions (USBR 2001b). We assume some of these diversions use Project water, and,
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therefore, are part of the Project. Unscreened Project diversions in the Lost River pose an
unquantified threat to suckers, but this risk is likely small because of the low numbers of suckers
in the Lost River, especially young suckers that are most vulnerable to entrainment. Based on
this, the proposed action will likely contribute to entrainment of suckers in the Lost River, but
the effect will be small because of the low numbers of suckers present. However, since the
USFWS has determined that the LRS and the SNS in this area not necessary for recovery, the
proposed Project operations in the Link River would not be considered an adverse effect on the
condition of the species.

8.3.10 Summary of Effects of the Proposed Action to LRS and SNS in the Lost River
Subbasin Recovery Unit

The Lost River Recovery Unit is essential for the survival and recovery of the LRS and SNS
because it contains one of only two self-supporting LRS populations, and contains the largest
SNS population, and represents two of only three self-supporting SNS populations. This unit
provides resiliency and redundancy, two factors that are essential to all populations, but
especially those that are imperiled.

As described above, the proposed action is likely to have a variety of to the LRS and SNS
populations in the Lost River subbasin recovery unit. Some beneficial effects of the proposed
action are likely to include: (1) water storage in Clear Lake and Gerber Reservoir will provide
habitat for LRS and SNS in most years; and (2) any increase in flows in the Lost River during
the irrigation season will provide additional habitat.

Some compensatory elements of the proposed actions that will likely minimize adverse effects
including: (1) minimum elevations in Clear Lake, Gerber Reservoir, and Tule Lake Sump 1A
will minimize adverse effects of low lake levels; (2) the Clear Lake Dam fish screen will likely
reduce entrainment of juvenile and adult suckers; and (3) the 5 cfs (0.1 m3/sec) flow below
Gerber Dam during the non-irrigation season is likely to reduce mortality due to flow reductions
at the end of the irrigations season.

Adverse effects of the proposed action on LRS and SNS in the Lost River Subbasin Recovery
Unit are likely to include: (1) decreased habitat in Clear Lake and Gerber Reservoir in some
years; (2) lower water levels in Clear Lake during droughts will likely increase risk of pelican
predation and likely decrease body condition and productivity; (3) flow reduction/stoppage at the
Clear Lake and Gerber Reservoir Dams at the end of the irrigation season will eliminate or
reduce habitat downstream; (4) entrainment of suckers will likely occur at Clear Lake Dam and
Gerber Dam; (5) agricultural return flows from the Project are likely to reduce water quality in
the Lost River and Tule Lake.

Based on the best available information analyzed above, the USFWS concludes that adverse
effects from the proposed action to the LRS and SNS in Lost River Basin are likely to occur as a
result of habitat losses, poor water quality, entrainment, and increased vulnerability to pelican
predation. These effects are unlikely to limit the persistence of LRS and SNS in the Link River
Basin because the events that cause these effects are rare, occur at an insignificant level, are in
areas that are not considered necessary for recovery, or are part of operations that have not
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limited LRS and SNS persistence in the past and are therefore not expected to limit persistence in
the future.

8.4 Effects of Proposed Project Operation and Maintenance Activities

To operate the Project, Reclamation and its designees (i.e., PacifiCorp and the irrigation and
drainage districts) perform annual, seasonal, and daily O&M activities. For example, gates at
Gerber Dam, Clear Lake Dam, Link River Dam and fish ladder, Wilson Dam, the Lost River
Diversion Channel, and A Canal are exercised by moving them up and down to be certain the
gates are properly working before and after the irrigation season. The exercising of irrigation
gates will likely cause avoidance by any juvenile and adult suckers in the immediate vicinity of
the dam during the operations. However, a small number of suckers could be entrained through
the gates and injured during exercises. The component of the proposed action that includes
O&M activities of Project facilities related to dam and diversion gates is anticipated to possibly
have low levels of adverse impacts to suckers, largely through harassment and therefore the
USFWS concludes that this proposed activity is compatible with the conservation needs of the
species. This is explained below in detail.

8.4.1 Effects of Clear Lake Dam Maintenance

Reclamation states in their BA (USBR 2012) that, typically, once each year before the start of
irrigation season in March or early April, gates at Clear Lake Dam are opened to flush sediment
that accumulates in front of the fish screen and dam. This activity creates a maximum release of
200 cfs (5.7 m*/sec) and lasts for approximately 30 minutes. Periodically during the irrigation
season, the fish screens at Clear Lake Dam are manually cleaned depending on the likely amount
of clogging. During the cleaning, one of the two fish screen sets is always in place to prevent
entrainment of juvenile and adult fishes.

Sudden opening of the Clear Lake Dam gate could entrain individual juvenile and adult suckers,
but it is anticipated that most suckers will move away from the disturbance created by the open
gate before the velocity is great enough to entrain them. The downstream transport of sediment
into the Lost River during gate openings is temporary; most of the sediment settles in pools in
the upper Lost River between Clear Lake and Malone Reservoir, and thus is only expected to
result in temporary and localized reductions in water quality. Manual cleaning of the fish
screens at Clear Lake Dam is anticipated to have insignificant impacts to suckers and therefore 1s
not a limiting factor to the persistence of SNS and LRS in Clear Lake.

8.4.2 Effects of A Canal Headworks Maintenance and Canal Salvage

Gates at the A Canal are only operated and exercised with the fish screens in place (USBR
2012). If the A canal fish screens become inoperable during irrigation season, Reclamation
states that it is likely that all flows will need to be temporary halted to replace or repair the
screen (USBR 2012). These activities at A Canal are not anticipated to affect suckers.

At the end of the irrigation season, the A Canal gates are closed and the forebay between the
trash rack and head gates is slowly dewatered to allow contained fish to escape (Taylor and
Wilkens 2013). Annual fish salvage occurs within the dewatered forebay in late October or early
November. During fish salvage, from 10 to 250 age-0 and older juvenile suckers are captured

168



through seining and electrofishing (Kyger and Wilkens 2011b, 2012; Taylor and Wilkens 2013).
Continued monitoring (and fish salvage when fish are observed) in the A Canal forebay during
the week following initial salvage indicates very few fish remain in the forebay (Kyger and
Wilkens 2011b, 2012; Taylor and Wilkens 2013). Salvaged suckers are returned to UKL.

Adverse impacts to several hundred juvenile suckers due to stress are anticipated every year
during this salvage process, as well as from electroshocking, which is known to cause injuries
(Snyder 2003). However, observed mortality of salvaged suckers has been low because efforts
are made to ensure water quality remains high and fish are allowed to escape back into the Link
River prior to salvage (Taylor and Wilkens 2013). Additionally, initial studies on
electroshocking injury rates show that only a few percent of suckers suffer vertebral deformities
or other adverse effects, and efforts are underway to minimize electroshocking injuries by
appropriately adjusting methods (B. Phillips, USBR, pers. comm. 2013).

Stranding of suckers in canals prior to or in absence of fish salvage likely results in additional
mortality (Kyger and Wilkens 2012a), and because fish are crowded before and during salvage
and thus stressed, additional undetected mortality is likely. Mortality is likely to be highest in
years when sucker and other fish production is high; more fish present causes crowding stress
and makes it difficult to capture all of the suckers. However, it is anticipated that the adverse
effects of these operations will be minimized by salvage operations where suckers are moved to
areas where they are more likely to survive such as Tule Lake.

8.4.3 Effects of Lost River Diversion Channel Maintenance
Inspection of the gates and canal banks within the Lost River Diversion Channel occurs once
every 6 years (USBR 2012). Inspections require a drawdown of water within the channel and
can occur at any time of the year. According to the BA (USBR 2012), a drawdown of the
channel is coordinated with Reclamation fish biologists to ensure adequate water remains in
pools during short periods of low water levels, and pools are monitored to prevent stress to
stranded fish until flows return. When practical, to reduce impacts to suckers, Reclamation will
drawdown the Lost River Diversion Channel during late fall through early winter when fewer
suckers are likely present. During the drawdown of the channel, some adverse impacts to LRS
and SNS are likely, including an increase in predation by gulls as suckers are concentrated in
shallower water and increased stress, which if prolonged could affect survival. However,
adverse effects will likely be temporary (USBR 2012). Although temporary, the losses of habitat
as a result of this draw-down of the Lost River Diversion Channel will likely result in adverse
impacts to LRS and SNS in the channel and therefore are contrary to the conservation needs of
the species. Suckers would not be present in the Lost River Diversion Channel if they we not
entrained into the headworks of the channel. The effects of entrainment on LRS and SNS were
analyzed above under the analysis of entrainment in the UKL recovery unit.

8.4.4 Effects of Link River Dam Fish Ladder Maintenance

Gates to the Link River Dam fish ladder are exercised twice each year: once between January
and April and again between October and December (USBR 2012). While the gates are
exercised, the fish ladder is dewatered and the entire structure inspected. Fish are salvaged from
the ladder during dewatering and returned to either the Link River or UKL. These activities have
a temporary adverse impact to suckers in and adjacent to the ladder. Because the effect is short-
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term and localized and because fish are salvaged, this activity is unlikely to result in significant
adverse effects to LRS and SNS.

8.4.5 Effects of Maintenance to Other Project Canals, Laterals, and Drains

Nearly all Project canals, laterals, and drains are dewatered at the end of irrigation season, as late
as November for canals in California (USBR 2012). Canals remain dewatered until the
following spring (as early as late March) except for the input of localized precipitation-generated
runoff. Reclamation has proposed a conservation measure for salvaging suckers at specific
locations, as described in section 4.5.1 of the BA (USBR 2012), in an effort to minimize effects
associated with dewatering canals. Past efforts have shown that salvage is practicable in some
locations, but numbers of salvaged suckers are highly variable among years and sites (Taylor and
Wilkens 2013). Some canal maintenance occurs during the irrigation season, such as removal of
vegetation from trash racks at water control structures, but these temporary activities are only
anticipated to cause short-term avoidance responses by suckers (USBR 2012).

Most canal, lateral, and drain maintenance occurs while canals are dewatered, and includes
removal of sediment, vegetation, concrete repair, and culvert/pipe replacement (USBR 2012).
Gates, valves, and equipment associated with canals and facilities are exercised before and after
the irrigation season (before April and after October). In the past, these activities have typically
occurred after dewatering the canals and fish salvage of Project canals. Some activities, such as
culvert and pipe replacement, may temporarily increase sediment transportation. Based on the
presence of suckers in some Project canals (Kyger and Wilkens 2011b, 2012), adverse impacts to
suckers are anticipated as a result of seasonal canal dewatering and routine maintenance on canal
infrastructure. Most impacts, such as increased sedimentation, are temporary and result in stress
for fish. Other impacts include mortality through long-term stranding, such as when canals are
dewatered and pools become disconnected. Fish salvage of the remaining pools following
dewatering has prevented mortality losses of approximately 100 to 1,000 juvenile suckers yearly
since 2008 (Kyger and Wilkens 2012b, Taylor and Wilkens 2013).

Fish salvage likely removes a fraction of the LRS and SNS that remain in canals that are
dewatered at the end of the irrigation season, especially when the canals are drained late in the
season and become covered by ice. Additionally, large numbers of gulls forage in the canals
once water levels are low, and small suckers are likely among the prey caught by the birds.
Therefore, there is likely to be substantial mortality of suckers associated with dewatering the
canals. Because Reclamation proposes to relocate adult suckers from Lake Ewauna and put
them into UKL where they can reproduce, and proposes to fund a controlled-propagation
program, the effects of entrainment and mortality in canals will be minimized. It is also
anticipated that the adverse effects of these operations will be minimized by salvage operations
where suckers are moved to waters where they are likely to survive.

8.4.6 Effects of Right-of-way and Access Maintenance
Gravel is periodically added to roadbeds or boat ramps (e.g., at Clear Lake), and roadbeds are

periodically graded (USBR 2012). Right-of-way and access maintenance may temporarily cause
sedimentation into adjacent waterways, principally canals. The effects of sedimentation and
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noise from these activities are likely to have an insignificant and temporary adverse effect on
individual suckers occupying adjacent waters.

8.4.7 Effects of Water Measurement Gage Maintenance

Water-measurement gages require annual maintenance to flush sediments from stilling wells,
replace faulty gages, or modify/replace supporting structures (USBR 2012). Flushing the stilling
wells occurs during irrigation season (April through October) and temporarily increases
sedimentation downstream from the gage. The amount of sedimentation is often small and the
sediment settles a short distance downstream, therefore, its effect is likely small. In some
instances, when a large amount of sediment is present, the sediment is removed from the stilling
well and deposited at a nearby upland site. Other activities, such as replacement or repositioning
of a measurement device and associated infrastructure, could be conducted during low-flow
periods or require construction of a small coffer dam.

Gages need to be replaced or repaired once every 5 to 10 years. If construction of a coffer dam
is required, then fish will be salvaged from behind the dam prior to replacement of infrastructure.
Replacing or repositioning a site will have short-term adverse impacts to suckers. Suckers will
likely avoid the disturbance during activity, but may need to be captured and moved to a location
away from the impacted area. Replacement of equipment and flushing of stilling wells will have
temporary impact to suckers present in the immediate area of the gage. Most of these impacts
are anticipated to cause nonlethal stress, which occurs briefly during site activity (USBR 2012).
The USFWS concludes effects of disturbance and temporary sedimentation from these activities
are likely to have an insignificant adverse effect on individual suckers occupying adjacent
waters.

8.4.8 Summary of Effects of Proposed O&M Activities to LRS and SNS

O&M activities described above including maintenance of infrastructure associated with dams,
canals, right-of-ways, and water measurement gages above are likely to have a range of adverse
effects such as stranding, physical disturbances, and decreases in water quality that are most
likely to be limited in magnitude and duration. The major effect of the O&N will be the result of
lowering water levels in the Lost River Diversion Channel which because of its size could
potentially contain hundreds of suckers. Because Reclamation proposes to relocate adult suckers
from Lake Ewauna and put them into UKL where they can reproduce, and proposes to fund a
controlled-propagation program, the effects of entrainment and mortality in canals will be
minimized. It is also anticipated that the adverse effects of these operations will be minimized
by salvage operations where suckers are moved to waters where they are likely to survive.

8.5 Effects of the Proposed Conservation Measures
As part of the proposed action, Reclamation proposes to implement three conservation measures
for the LRS and the SNS (USBR 2012): (1) canal salvage; (2) controlled propagation; and (3)

participation on the LRS & SNS Recovery Implementation Team. The effects of these measures
on the LRS and the SNS are analyzed below.
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8.5.1 Canal Salvage

Reclamation proposes to continue to salvage suckers in Project canals, consistent with the
salvage efforts that have been occurring in Project canals since 2005 (USBR 2012).
Reclamation’s fish salvage efforts will focus on the A Canal forebay, C4, D1, and D3 Canals
within the Klamath Irrigation District, and the J Canal within the Tulelake Irrigation District.
Other salvage locations recommended by USFWS will be considered by Reclamation as
requested. Additionally, Reclamation proposes to consider alternative methods of dewatering
canals, laterals, and drains at the end of the irrigation season in an effort to reduce adverse effects
to suckers and minimize the need for sucker salvage (USBR 2012).

The effects of canal salvage will minimize entrainment effects on suckers by relocating them to
permanent water-bodies. The numbers of suckers salvaged annually is highly variable. For
example, in 2006, 1,200 suckers were salvaged, whereas in 2009, fewer than 100 were salvaged
(Kyger and Wilkens 2011, Taylor and Wilkens 2013). The ultimate fate of most salvaged
suckers is unknown, but several lines of evidence suggest some survive and recruit into the adult
population. For example, since 2006, 19 salvaged and PIT-tagged suckers have been
subsequently relocated, mostly in the Williamson River. Additionally, beginning in November
2011, suckers salvaged in the Tule Lake area were put into an experimental pond on the Lower
Klamath NWR. Sampling in that pond in 2012 showed that many of these suckers were alive,
had grown, and were in good condition (J. Rasmussen, USFWS, pers. comm. 2012). Based on
this, we believe that canal salvage will minimize entrainment losses, especially when it is done
prior to ice cover and when suckers are put in appropriate habitats. However, salvage is not
without risks, especially because much of it is done by electroshocking, which can injure fish
(Snyder 2003), albeit at low rates (B. Phillips, USBR, pers. comm. 2013).

The USFWS concludes that proposed canal salvage will minimize the loss of young suckers that
are entrained. Returning suckers to safe habitats will improve their survival and that is
compatible with the conservation needs of the species.

8.5.2 Controlled (Captive) Propagation

Reclamation proposes to provide funding to the USFWS to support controlled propagation of the
LRS and the SNS with the purpose of increasing the number of suckers reaching maturity in
UKL. As discussed above in this BiOp there has not been any recruitment into the UKL adult
population of the LRS and the SNS since the late 1990s. The current adult breeding population
of suckers is aging and is nearing the end of their expected life span. The nearly universal
disappearance of juvenile suckers from UKL beginning in August and extending into October
(Simon et al. 2011) accounts for this situation. A controlled propagation effort is needed to
prevent extinction until the threats causing the lack of juvenile survival are addressed.

Specifically, Reclamation proposes to contribute approximately $300,000 per year to the
USFWS that would be used for capital and operating costs associated with a controlled
propagation program. In Fiscal Year 2013, an additional $500,000 will be provided to the
USFWS to accelerate the development of this program. Oversight of the controlled propagation
program will be provided by USFWS with input from the Klamath Sucker Recovery Program, in
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coordination with Reclamation. Reclamation’s support of the controlled propagation program
would be for the term of this consultation (April 1, 2013 to March 31, 2023) and will start in
fiscal year 2013.

Controlled propagation was listed as an action that was needed in the original LRS and the SNS
recovery plan developed by the USFWS (USFWS 1993), and was also identified as being needed
in the 3013 Revised Recovery Plan (USFWS 2013). The Revised Recovery Plan recommends
the development of a controlled propagation program when sucker populations if sucker
populations in UKL reach a level of 25 percent of their estimated abundance in 2001-2002. This
trigger has been met as demonstrated by 2012 population data collected by USGS. Controlled
propagation is an important part of listed fish recovery efforts nationwide, including several
sucker species (e.g., the June sucker [Chasmistes liorus], razorback sucker [ Xyrauchen texanus],
and the robust redhorse sucker [Moxostoma robustum]).

The premise is that controlled propagation will enable fish to survive past the vulnerable early
life stages with minimal risk of loss of genetic diversity. Controlled propagation is not based on
hatchery production from fertilized eggs obtained from brood stock, but instead makes use of
wild-collected young suckers that are raised in ponds, in situ in pens, or other enclosures.
Rearing young suckers in situ or in ponds enables them to feed on natural prey and thus
minimizes the risks of malnutrition and domestication resulting from dependence on artificial
food.

In 2006, the USFWS experimentally raised wild-caught sucker larvae to a reasonably large size
in one year using geothermally heated water. The key results of the experiment were:
e Sucker larvae were collected in substantial numbers in the lower Williamson River at
night with lights or during the day by dip-netting them from shallow shoreline areas.
e Immediate larval mortality resulting from capture was low.
e Newly collected larvae fed and grew well on small-sized brine shrimp nauplii, and
readily switched to razorback sucker chow when larger before moving to ponds.
e Juvenile suckers grew well in geothermally heated ponds, and were 6 to 9 in (15 to 22
cm) standard length after 1 year.

LRSs and SNSs also have been successfully reared in the lab to juvenile size using brood stock;
however, the growth rates of young suckers in the lab are sometimes below that obtained using
ponds, apparently because they lack a full complement of nutrients, such as vitamins or essential
fatty acids. Although more work needs to be done before a fully functioning controlled
propagation program for LRS and the SNS is effectively operating, the efforts conducted to date
show that controlled propagation of the LRS and the SNS is feasible and could take a variety of
forms, thus providing flexibility in terms of implementation and goals.

Controlled propagation projects for other sucker species, e.g., the June sucker, razorback sucker,
and the robust redhorse sucker, have produced large numbers of suckers to supplement wild
populations, and propagated suckers have successfully recruited into the adult spawning
population (Modde et al. 2005, Grabowski and Jenkins 2009). However, some propagation
efforts have resulted in poor survival of reintroduced suckers for a variety of reasons, including
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high predation rates and failure of fish to acclimate to in situ conditions (Marsh et al. 2005,
Rasmussen et al. 2009), so some problems are anticipated and will need to be solved.

At this time, it is difficult to fully assess the effects of controlled propagation on suckers because
it is a concept that needs to be further developed in concert with the Tribes and other members of
the Recovery Implementation Team (described below). However, based on the success by the
USFWS in 2006, success with other sucker species, and information that salvaged age-0
juveniles have recruited into the adult spawning population, it is reasonable to assume that within
2 years an effectively functioning controlled-propagation program for the LRS and the SNS can
be implemented. Based on techniques utilized to rear June suckers we anticipate that with
approximately 1 acre (0.4 ha) of ponds we will be able to rear 8,000 to 10,000, 8 in (20 cm)long
suckers in two years. Such ponds will likely begin receiving sucker larvae in 2014, and therefore
will produce juveniles by April 2016, at which time they will be released into UKL. We
anticipate that propagated suckers will begin entering the reproductive populations beginning in
2019, which 1s 4 years before the term of this BiOp ends. Based on survival rates of June
suckers of similar size, we anticipate survival rates will be 30 percent or more J. Rasmussen,
USFWS, pers. com. 2012). Efforts to expand this program, through more ponds or net cage
rearing within natural waters, will also be explored, but it is difficult to predict the area that will
be brought under production or the efficacy of the net cages, since this method is novel for these
species at this scale.

8.5.3 Capture of Adult Suckers in Lake Ewauna Reservoir and Relocation to UKL

Reclamation proposes to implement a program focused on the capture and relocation of adult
suckers from Lake Ewauna and moving them to UKL where they can become part of a
reproductively-functioning population. Those activities will be initiated in the fall of 2013.
Based on previous sampling in the Keno Reservoir (Kyger and Wilkens 2012b), Reclamation has
determined that there currently are approximately 1,000 adult SNS and from 200-1,000 LRS in
the Lake Ewauna/Keno Reservoir. Reclamation proposes to capture and relocate most of the
adult suckers over 3 years and to monitor and move additional adult suckers over the remaining 7
years of the term of this BiOp. Thus, during the first 3 years of the BiOp implementation nearly
all of the adult suckers in the Lake Ewauna/Keno Reservoir could be relocated to UKL to
supplement that population. The addition of adult suckers, especially SNS, is expected to
minimize the effects of the proposed action to all sucker life stages because one adult female
sucker is capable of producing many thousands of eggs over a life time. Depending upon the
ages of the relocated suckers, these adults could also provide different age classes, although
small, to the UKL populations of LRS and SNS.

8.5.4 Effects of Recovery Implementation Team Participation

The Revised Recovery Plan for the LRS and the SNS (USFWS 2013) calls for the establishment
of a Recovery Implementation Team to coordinate implementation of the final plan. The
Recovery Implementation Team will consist of agencies, groups, and individuals appointed by
USFWS to participate in the implementation of actions identified in the final revised recovery
plan to achieve recovery for the LRS and the SNS.
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Reclamation intends to work with the USFWS, beginning in 2013, towards achieving the goals
and objectives of the final revised recovery plan, which would include dedication of resources
for that purpose (USBR 2012). Reclamation’s involvement and support of the Recovery
Implementation Team will greatly contribute to sucker recovery efforts. Considerable new
information has been obtained regarding threats to these species and has been incorporated into
the revised recovery plan, and therefore recovery implementation can be timelier and more
effective than it has been in the past.

8.5.5 Summary of Effects to LRS and SNS from Proposed Conservation Measures
The proposed conservation measures are anticipated to have beneficial effects that will minimize
effects of the proposed action to suckers and aid in their conservation. Proposed canal salvage is
anticipated to benefit up to 1,500 age-0 juveniles by relocating them to permanent habitat. We
anticipate that the proposed support of controlled propagation will, over the course of the 10
years, result in the development of an effective supplementation program. The goal of the
program would be to minimize the adverse effects of the proposed action on LRS and SNS so
that it is compatible with the conservation needs of the species. The capture and relocation
efforts proposed will result in the augmentation of adult sucker populations in UKL where the
populations are most at risk. Those benefits will accrue the first year of the proposed action.
Thus, adverse impacts of the Project will be minimized until the controlled-propagation program
is operational. Support of the Recovery Implementation Program will also benefit sucker
recovery, but it is premature to speculate on what the benefits are likely to be.

8.6 Cumulative Effects - Lost River Sucker and Shortnose Sucker

Cumulative effects are those impacts of future State, Tribal, and private actions that are
reasonably certain to occur within the area of the action, and are subject to consultation. There
are no tribal lands within the action area. Future Federal actions will be subject to the
consultation requirements established in section 7 of the Act, and therefore are not considered
cumulative to the proposed action.

The following non-Federal activities are proposed in the action area:
1) The State of Oregon is enlarging its fish screening program in the Klamath Basin.

Following completion of adjudication, diversions will require water measurement
devices and fish screens. Although the screen mesh openings are large enough to allow
larval suckers to pass, the screen design prevents entrainment of juvenile and adult
suckers. This will result in a significant reduction in entrainment; however, we have no
information at this time to identify how many screens and the location of screens over
the next 10 years to quantify this benefit.

2) The Upper Klamath Conservation Action Network (UKCAN) works collaboratively to
restore watershed processes through adaptive management. UKCAN takes an
ecosystem approach, and the group focuses on conservation priorities that will benefit
suckers, including restoration activities to improve both water quality and physical
processes. As of 2013, funding comes through the National Fish and Wildlife
Foundation’s Upper Klamath Basin Keystone Initiative and the Oregon Watershed
Enhancement Board’s Klamath Special Investment Partnership. UKCAN partners
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3)

4)

include the Klamath Basin Rangeland Trust, Klamath Watershed Partnership, The
Klamath Tribes, The Nature Conservancy, Sustainable Northwest, Klamath Soil and
Water Conservation District, Upper Klamath Water Users Association, and USFWS.
UKCAN work focuses geographically on the UKL watershed, which includes the UKL,
Williamson, Sprague, and Wood river sub-watersheds, as well as the Spencer Creek
watershed. UKCAN has developed restoration priority actions at finer geographic scales
and refines those priorities as new information is made available. Due to the funding
processes, UKCAN is uncertain about the amount of restoration work that will occur in
the future. However, given the amount of focused effort and the involvement of several
key organizations in the Upper Klamath Basin, progress is expected toward the group’s
priorities over the next 10 years that will be measureable at some scales.

Now that the Lost River and Klamath River TMDL in California and Oregon is
completed (ODEQ 2010), governmental and private entities contributing to the
degradation of water quality in those rivers are required to develop and implement water
quality management plans that reduce nutrient loading and aid in the improvement of
water quality in the Klamath River, which should benefit suckers.

In 2013, PacifiCorp is scheduled to begin implementation of its habitat conservation
plan to no longer operate the East Side and West Side turbines, resulting in a substantial
reduction sucker mortality. PacifiCorp will also contribute $100,000 towards LRS and
SNS recovery over the next 10 years. Although the projects that will receive these funds
have not been identified yet, we anticipate they should result in additional recovery
actions benefiting the suckers (PacifiCorp 2013). PacifiCorp will also contribute
approximately $200,000 to The Nature Conservancy’s Williamson River Delta
Restoration project. From these contributions, an average of $4,000 per year ($40,000
over the Permit Term) will be used directly to implement additional projects to increase
sucker habitat through riparian and wetland plantings along the Williamson River and
the shoreline of UKL, and other sucker habitat enhancement projects at the Williamson
River Delta Restoration project (PacifiCorp 2013). The remainder of funds will be used
for supporting ongoing sucker recovery and land management actions by The Nature
Conservancy for the restoration project, such as creating and maintaining wetlands that
improve water quality and providing rearing habitat for larval and juvenile suckers.
Activities funded by PacifiCorp are expected to directly or indirectly improve survival
of listed suckers and increase the likelihood of recruitment to the adult population;
however, none of these benefits can be quantified at this time because specific project
details are not available.

Most of the non-Federal actions listed above will improve water quantity, water quality, and
habitat in areas that support listed suckers, including UKL and its tributaries and the Keno
Reservoir. Screening will reduce entrainment of suckers and improve overall survival.
Habitat restoration will increase the amount and quality of areas important to complete
sucker life cycles. Water quality improvement projects will work towards addressing a major
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factor limiting listed sucker recovery in the Upper Klamath Basin. If water quality is
improved in Keno Reservoir, this area would likely support a substantial population of adult
suckers and/or provide habitat to support larval and juvenile suckers that eventually will
return to UKL as adults. Therefore, the effects of the proposed action, combined with future
State, tribal, and private actions, will only result in beneficial cumulative effects to listed
suckers over the next 10 years; however, none of the benefits can be quantified at this time
because specific project details are not available.

9 LOST RIVER SUCKER AND SHORTNOSE SUCKER CRITICAL HABITAT

9.1 Status and Environmental Baseline of Critical Habitat

On December 11, 2012, the USFWS published a final rule designating critical habitat for the
LRS and the SNS (77 FR 73740). The designation included two critical habitat units (CHUSs) for
each species and the units include a mix of Federal, State and private lands. The Upper Klamath
Lake Critical Habitat Unit 1, situated in Klamath County, Oregon, includes UKL and Agency
Lake, the Link River and upper Klamath River downstream to Keno Dam, as well as portions of
the Williamson and Sprague Rivers, for a total of approximately 90,000 ac (36,422 ha) and 120
river miles. Unit 1 is the same for both species with the exception that, for the LRS, the unit
extends up the Sprague River to the Beatty Gap east of Beatty (near RM 75), whereas for the
SNS, Unit 1 extends up the Sprague River only as far as Braymill near RM 8.

The Lost River Basin Critical Habitat Unit 2 is situated in Klamath and Lake Counties, Oregon,
and Modoc County, California. It includes Clear Lake and its main tributary, Willow Creek, for
both the LRS and the SNS, and Gerber Reservoir and its main tributaries for the SNS only, for a
total of approximately 33,000 ac (13,355 ha) and 88 river miles (142 km). Additionally, there
are differences in the amount of upstream critical habitat in Willow Creek for the two species.
For the LRS, critical habitat includes Willow Creek and its tributary, Boles Creek, upstream to
Avanzino Reservoir in California. For the SNS, critical habitat extends up Willow Creek to
Boles Creek and upstream past Fletcher Creek, and includes Willow, Fourmile, and Wildhorse
Creeks in California, and Willow Creek to its East Fork in Oregon (Figure 9.1).

It is important to note that the action area for the proposed action encompasses the entire critical
habitat designation for the LRS and the SNS.

This is the first Section 7(a)(2) consultation on potential effects to LRS and SNS critical habitat
since the December 11, 2012, designation.
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Figure 9.1 Designated CHUs for the LRS and the SNS (77 FR 73740)

In accordance with sections 3(5)(A)(1) and 4(b)(1)(A) of the Act and regulations at 50 CFR
424.12, in determining which areas within the geographical area occupied by the species at the
time of listing to designate as critical habitat, we considered the physical and biological features

essential to the conservation of the species which may require special management
considerations or protection.

The following physical and biological features were considered essential to the conservation of
each sucker species and may require special management considerations or protection:

(1) Space for individual and population growth and for normal behavior;

(2) Food, water, air, light, minerals, or other nutritional or physiological requirements;
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(3) Cover or shelter;

(4) Sites for breeding, reproduction, or rearing (or development) of offspring; and

(5) Habitats that are protected from disturbance or are representative of the historical,
geographical, and ecological distributions of a species.

The primary constituent elements (PCEs) of critical habitat are the specific elements of physical
and biological features essential to the conservation of the species. Based on our current
knowledge of the habitat characteristics required to sustain the species’ life-history processes, the
PCE:s specific to self-sustaining LRS and SNS populations are:

PCE 1—Water. Areas with sufficient water quantity and depth within lakes, reservoirs,
streams, marshes, springs, groundwater sources, and refugial habitats with minimal
physical, biological, or chemical impediments to connectivity. Water must have varied
depths to accommodate each life stage: Shallow water (up to 3.28 ft [1.0 m]) for larval
life stage, and deeper water (up to 14.8 ft [4.5 m]) for older life stages. The water quality
characteristics should include water temperatures of less than 28.0 °Celsius (82.4 °F); pH
less than 9.75; dissolved oxygen levels greater than 4.0 mg per L; low levels of
microcystin; and un-ionized ammonia (less than 0.5 mg per L). Elements also include
natural flow regimes that provide flows during the appropriate time of year or, if flows
are controlled, minimal flow departure from a natural hydrograph.

PCE 2—Spawning and Rearing Habitat. Streams and shoreline springs with gravel and
cobble substrate at depths typically less than 4.3 ft (1.3 m) with adequate stream velocity
to allow spawning to occur. Areas containing emergent vegetation adjacent to open
water, provides habitat for rearing and facilitates growth and survival of suckers, as well
as protection from predation and protection from currents and turbulence.

PCE 3—Food. Areas that contain abundant forage base, including a broad array of
chironomidae, crustacea, and other aquatic macroinvertebrates.

The need for special management considerations also includes the following:

Protect and improvement of water quality by reducing sediment and nutrient loading
Manage water bodies so that there is minimal departure from a natural hydrograph
Maintain, improve, or reestablish instream flows to improve the quantity of water
available

Manage groundwater use to ensure it does not affect surface waters

Address water level fluctuations in reservoirs

Maintain appropriate depths in water quality refuge areas for access and maintaining
buffers around refuge areas

Maintain habitat in reservoirs, the timing and volume of water diverted needs to be
addressed

Improve access to spawning and rearing habitats

Manage exotic fishes by restoring habitats for native fishes.
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These are discussed in greater detail in the final critical habitat rule (77 FR 73740).

9.2 Analytical Approach and Role of Critical Habitat in LRS and SNS Recovery

This BiOp does not rely on the regulatory definition of “destruction or adverse modification” of
critical habitat at 50 CFR 402.02. Instead, we have relied upon the statutory provisions of the
ESA to complete the following analysis with respect to critical habitat.

In accordance with policy and regulation, the adverse modification analysis in this BiOp relies
on four components: (1) the status of critical habitat, which evaluates the range-wide condition
of designated critical habitat for the LRS and the SNS in terms of primary constituent elements
(PCESs), factors responsible for that condition, and the intended recovery function of the critical
habitat overall, as well as the intended recovery function in general of critical habitat units; (2)
the environmental baseline, which evaluates the condition of the critical habitat in the action
area, factors responsible for that condition, and the recovery role of the critical habitat in the
action area; (3) the effects of the action, which determines direct and indirect impacts of the
proposed Federal action and effects of any interrelated or interdependent activities on the PCEs
and how that will influence the recovery role of affected critical habitat units; and (4) cumulative
effects, which evaluates the effects of future non-Federal activities in the action area on the PCEs
and how that will influence the recovery role of affected critical habitat units.

For purposes of the adverse modification determination, the effects of the proposed Federal
action on LRS and SNS critical habitat are evaluated in the context of the range-wide condition
of the critical habitat, taking into account cumulative effects to determine if the critical habitat
range-wide would remain functional (or would retain the current ability for the PCEs to be
functionally established in areas of currently unsuitable but capable habitat) to serve its intended
recovery role for these two species.

The analysis in this BiOp places an emphasis on using the intended range-wide recovery function
of LRS and SNS critical habitat and the role of the action area relative to that intended function
as the context for evaluating the significance of the effects of the proposed Federal action, taken
together with cumulative effects, for purposes of making the destruction or adverse modification
determination.

An adverse modification analysis determines if the physical or biological features of critical
habitat would remain functional to serve the intended recovery role for the species as a result of
implementation of a proposed Federal action (77 FR 73740). The key factor related to the
adverse modification determination is whether, with implementation of the proposed Federal
action, the affected critical habitat would continue to serve its intended conservation role for the
species. Activities that may destroy or adversely modify critical habitat are those that alter the
physical or biological features to an extent that appreciably reduces the conservation value of
critical habitat for the LRS and the SNS (77 FR 73740). The role of critical habitat is to support
life-history needs of the species and provide for the conservation of the species.

Additionally, it is important to note that the hydrologic thresholds identified in the effects
analysis for the LRS and the SNS also apply to the critical habitat analysis below.
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9.3 Effects of Proposed Project Operations to LRS and SNS Critical Habitat

At issue are effects of proposed Project operations on 3 PCEs: (1) water; (2) spawning and
rearing habitat; and (3) food. Given the nearly universal disappearance of age-0 juvenile suckers
from UKL beginning in August and extending into October (Simon et al. 2011) and the lack of
known recruitment into the adult breeding population since the late 1990s, it is very important
that sucker critical habitat at UKL consistently provide for adequate spawning habitat for adult
suckers, adequate rearing habitat for sucker embryos, larvae, and juveniles, and adequate
foraging habitat (inclusive of a diverse and abundant prey base) for all sucker life stages to
adequately support the conservation of these species.

At other water bodies within the range of critical habitat for these species where the status of the
LRS and the SNS is stable, more variation in the quality of PCE function can occur and still
adequately support the conservation of the suckers.

9.3.1 Effects to LRS and SNS Critical Habitat Unit 1

Critical habitat was designated for the LRS and the SNS in Unit 1 at UKL and along its primary
tributaries, including the lower Williamson, the lower Sprague, and lower Wood Rivers (77 FR
73740). This unit also includes critical habitat designated downstream of Link River Dam at the
outlet of UKL to Keno Dam (77 FR 73740).

9.3.1.1 Effects to LRS and SNS Critical Habitat in UKL and its Tributaries

9.3.1.1.1 Effects to PCE 1: Water
The proposed action is not anticipated to measurably influence water quality in UKL because
water quality conditions in UKL are primarily influenced by climate, external and internal
nutrient loading, and algae crashes (Morace 2007), and information is lacking showing that
Project operations are likely to have substantial effects on any of these factors. Storage and
delivery of water in UKL under the proposed action could potentially affect nutrient cycling in
UKL, but this requires additional study. Based on best available information, discussed in
section 7, Environmental Baseline for LRS and SNS, the USFWS finds no appreciable causal
link between past and proposed Project operations and adverse or beneficial effects to nutrient
cycling in UKL.

The proposed Project operations are also unlikely to have any effect on sediment or nutrient
input into the lake because most of the sediment and nutrient input into the lake is occurring
upstream of the lake. Nutrients are also released into the lake by internal processes called
“internal loading” (e.g., diffusing from sediments and through death of AFA), but there is no
documented link between internal loading and Project operations. Because Project operations
store and deliver water from UKL, those activities could affect nutrient storage and export, but it
is not clear what the net effect is on nutrient cycling in the lake. In fact, it is possible that the two
effects balance each other. However, there is evidence that water diversions through the Project
cause a net reduction in nutrients downstream of UKL (ODEQ 2010).
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The proposed action will have no effect on water quality in the tributaries to UKL within LRS
and SNS critical habitat because these areas are upstream of the Project, except near the
confluence of the tributaries with UKL where there is influence of lake management. Therefore,
water management by the Project will only affect the lower-most reaches of the Williamson and
Wood Rivers that are influenced by UKL elevations. However, as stated previously, USFWS
finds there are no casual links between Project operations and water quality.

9.3.1.1.2 Effects to PCE 2: Spawning and Rearing Habitat

The proposed action will have no effect on sucker critical habitat in the tributaries to UKL with
respect to its capability to adequately support sucker migration and spawning habitats that are
essential to the recovery of these species. All known spawning sites are upstream of the reaches
of these rivers affected by UKL elevations.

Implementation of proposed Project operations over the term of this BiOp (10 years) is likely to
create higher than natural surface water elevations in UKL in the spring as a result of water
storage. These water levels are likely to support extensive amounts of moderate to high-quality
sucker spawning, rearing, and foraging habitat that will facilitate the annual production of
millions of sucker eggs, embryos, larvae, and age-0 juveniles. This aspect of proposed Project
operations is likely to provide significant beneficial effects to the recovery- support function of
critical habitat for the LRS and the SNS in UKL.

However, modeling of the proposed action shows that there could be years when water levels are
so low that it could negatively affect the ability of spawning habitats to support the recovery
function of critical habitat for the LRS and the SNS in UKL. As was discussed in section 7.10,
sucker spawning and larval rearing habitat is likely to be greatly reduced only at the lowest lake
levels and those elevations occurred only once in 31 modeled years, and thus they are unlikely to
occur during the term of this BiOp. Similarly, adverse effects to larval rearing habitats are
unlikely because the elevations at which adverse effects only occur at a frequency of one in 31
modeled years, and thus are unlikely to occur during the term of this BiOp.

In August and early September, rearing habitat for age-0 juveniles, primarily for SNS because
they are more shoreline-oriented than LRS, could be reduced by the proposed action to the point
where it is likely to have adverse effects. Although there is no definitive information regarding
the fate of the affected age-0 juveniles that are displaced by draw-down operations during the
late summer, it is reasonable to assume that their fitness and survival are likely reduced due
perhaps to the lesser abundance of preferred prey species and perhaps increased exposure to
predatory, introduced fishes that are abundant in UKL. Age-0 juveniles must avoid predators
and have access to abundant high-quality food to grow and survive through the winter when they
are less active and food is less plentiful. In most years there is unlikely to be a substantial
reduction in age-0 juvenile habitat, but in about 13 percent of the years, age-0 juvenile habitat
will be substantially affected. Thus, although the adverse effects to age-0 juvenile habitat are
infrequent, the recovery-support function of critical habitat for the LRS and the SNS in UKL is
unlikely maintained in 13 percent of years.
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9.3.1.1.3 Effects to PCE 3—Food
In UKL, because of its high productivity, the proposed action is not anticipated to affect the
availability of food invertebrates, especially midges, cladocerans, and copepods. Thus, the
proposed action does not affect the recovery-support function of critical habitat to provide food
for the LRS and the SNS in UKL. The proposed action does not affect food availability in the
tributaries to UKL.

The modified proposed action, mentioned above Sections 4 and 8.3.1.1, will not affect critical
habitat in UKL because UKL elevations will not be altered, or would not result in an adverse
effect to LRS and SNS greater than what was analyzed here.

9.3.1.2 Effects to LRS and SNS Critical Habitat at Keno Reservoir

9.3.1.2.1 Effects to PCE 1—Water
The proposed action has much more of an effect on water quality in Keno Reservoir than to UKL
because it is downstream of parts of the Project. This is discussed in detail in Section 7.10, but
in general, the quality of water entering, within, and leaving the Keno Reservoir is largely due to
water entering from UKL containing large amounts of organic matter with an associated high
oxygen demand (Doyle and Lynch 2005; Deas and Vaughn 2006; ODEQ 2010). Because
downstream flows at the Link River Dam during the summer are in part used to meet demands
from Project diversions at the Lost River Diversion Channel and Ady and North Canals, the
degraded water quality in the Keno Reservoir is partially due to the proposed action. Also, drain
water coming from the Project containing high concentrations of nutrients degrades water quality
in the vicinity of the Straits Drain at the south end of the reservoir (ODEQ 2010). Additionally,
winter storm-driven run-off containing nutrients and sediments from the Lost River empties into
the Lost River Diversion Channel and that is likely to contribute to stressful water quality
conditions in the Keno Reservoir. Currently, because of the multiple factors affecting water
quality in the Keno Reservoir, we cannot quantify how much of the degradation to water quality
is caused by past Project operations and is likely to be caused by proposed Project operations,
but Project operations are contributing to degraded water quality at Keno Reservoir. To the
degree that the Project is contributing to this problem, those effects are limiting the ability of
critical habitat in Keno Reservoir to provide sucker rearing and foraging habitats that are
essential to the recovery of these species. Thus, the proposed action is likely to have some
unquantifiable negative effects to the recovery-support function of critical habitat for the LRS
and the SNS in Keno Reservoir.

Water-surface elevations and depths likely to occur under the proposed action at Keno Reservoir
are expected to be similar to recent and historic elevations, which are mostly compatible with the
life-history requirements of the suckers. However, the maintenance of constant water levels in
Keno Reservoir is likely contributing to adverse water quality and degradation of marsh habitat
important for young suckers.

9.3.1.2.2 Effects to PCE 2—Spawning and Rearing Habitat
Suckers have been seen spawning in the lower Link River, but it appears to be limited to a few
individuals and it is not known if this is a regular occurrence. In May 2007, 10 suckers were
seen showing behaviors known to be associated with spawning (Smith and Tinniswood 2007).
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No other spawning habitat exists between the Link River and Keno Dam (Buchanan et al. 2011).
The proposed operation of the Link River Dam for downstream water needs is not anticipated to
affect spawning habitat (PCE2) in the Link River.

The ongoing management to operate for stable surface elevations in the Keno Reservoir is likely
to retard development of additional wetland habitats and could degrade the quality of existing
wetlands through controlled water depth and this is likely to adversely impact young suckers that
use this habitat (USFWS 2007¢). However, stable surface elevations do provide sucker access to
the established wetland habitats for rearing during sucker early life history stages. To the degree
that the Project is contributing to habitat degradation in Keno Reservoir, those effects are
limiting the ability of critical habitat to provide sucker rearing and foraging habitats that are
essential to the recovery of these species. Thus, the proposed action is likely to have some
negative effects to the recovery-support function of critical habitat for the LRS and the SNS in
Keno Reservoir.

9.3.1.2.3 Effects to PCE 3—Food

Although we are not aware of any studies on invertebrates in the Keno Reservoir, we assume that
invertebrate diversity and abundance at Keno Reservoir are high and are similar to those in UKL.
Additionally, flows from UKL likely bring prey species such as amphipods, cladocerans,
copepods, and midges into the reservoir and the large amounts of organics that enter the reservoir
from UKL could provide a substantial food base for invertebrates. For those reasons, the
proposed action is not likely to reduce the recovery-support function of critical habitat to provide
food for the LRS and the SNS in the Keno Reservoir.

9.3.1.3 Summary of Effects to LRS and SNS Critical Habitat Unit 1

There is no causal link to adverse effects to water quality (PCE1) in UKL; however, there is
evidence that water diversions through the Project cause a net reduction in nutrients downstream
of UKL, which is beneficial. However, in Keno Reservoir, there are return flows into the
reservoir from agricultural diversions that are part of the proposed action, resulting in some
negative effects to water quality.

Proposed Project operations result in higher lake elevations in UKL in the spring and early
summer which is protective and beneficial to the spawning habitat component of PCE2 in all but
one of the 31 modeled years. Rearing habitat for age-0 juvenile suckers is adversely affected in
13 percent of the modeled years of the proposed action and will have a negative impact on the
critical habitat ability to provide for adequate rearing habitat as part of the intended recovery role
for the species. The proposed Project does not affect food availability (PCE3) in Unit 1.

9.3.2 Effects to LRS and SNS Critical Habitat Unit 2

Critical habitat was designated for the LRS and the SNS in Unit 2 includes Clear Lake and its
main tributary, Willow Creek, for both the LRS and the SNS, and Gerber Reservoir and its main
tributaries for the SNS only. Additionally, there are differences in the amount of upstream
critical habitat in Willow Creek for the two species. For the LRS, critical habitat includes
Willow Creek and its tributary, Boles Creek, upstream to Avanzino Reservoir in California. For
the SNS, critical habitat extends up Willow Creek to Boles Creek and upstream past Fletcher
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Creek, and includes Willow, Fourmile, and Wildhorse Creeks in California, and Willow Creek to
its East Fork in Oregon (77 FR 73740).

9.3.2.1 Effects to LRS and SNS Critical Habitat at Clear Lake and in Willow Creek

9.3.2.1.1 Effects to PCE I—Water
At Clear Lake, the proposed action is not likely to affect water quality except at the lowest lake
levels (discussed in Section 8.3.5 in more detail). However, water quality monitoring over a
wide range of lake levels and years documented water quality conditions that were adequate for
sucker survival during most years (USBR 1994, 2001a, 2007). Although low water levels could
result in degraded water quality, particularly higher temperatures, and lower DO concentrations
(USFWS 2008), the conditions have been within the range that is tolerated by suckers and
therefore are not a limiting factor for persistence of SNS and LRS in Clear Lake. Therefore, the
USFWS finds that proposed Project operations at Clear Lake are not likely to adversely affect
water quality necessary to adequately support recovery of the LRS and the SNS. Thus, the
proposed action in Clear Lake is likely to provide the necessary recovery-support function of
critical habitat for the LRS and the SNS for water quality.

9.3.2.1.2 Effects to PCE 2—Spawning and Rearing Habitat
Access to spawning habitat in Willow Creek, which is the only know habitat used for spawning
by suckers in Clear Lake, appears to be mostly dependent on Willow Creek flows, as discussed
in Section 8.3.5 thus the effects of lake levels from the proposed action on spawning habitat
component of PCE2 are thought to be minimal. Taking into account that adult LRS and SNS are
long-lived fish and that the proposed action is unchanged from past operations, the proposed
Project operations should provide sufficient access to spawning habitat for spawning to occur at
a frequency which will be sufficient to maintain a diverse age-class structure and will result in
sufficient adults to maintain resiliency. Thus, proposed Project operations are not likely to
represent a significant limiting factor for migration and spawning success at Clear Lake.

The proposed action is likely to provide adequate rearing habitat for all sucker life stages in
Clear Lake except during droughts when both water depth and surface area contracts, therefore
affecting components of PCE 2. The amount of habitat in Clear Lake is highly variable because
inflows to Clear Lake are characterized by multiple low-inflow years punctuated by less frequent
high inflow years. Additionally, evaporation and leakage are high because of the shallow depths
and large surface area of the lake. At the lowest lake levels under the proposed action, water
depths in the west lobe are so low that suckers could get stranded and would be vulnerable to
pelican predation. Those conditions are likely to occur once during the proposed action because
they occurred in the POR at a frequency of 5 to10 percent. The minimum proposed Clear Lake
elevations will likely provide adequate protection from drought in most years, but extended
drought will result in a significant reduction in lake area and depth. Thus, the proposed action is
likely adversely affecting rearing habitat during droughts that are likely to occur once during the
term of this BiOp.

Although there are adverse effects to this PCE, negative impacts to the recovery role of the

component of critical habitat in Clear Lake are not anticipated. The minimum lake elevation
being proposed for Clear Lake (i.e., 4,520.6 ft) has not changed from minimums previously
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consulted on. Current monitoring data for SNS shows evidence of frequent recruitment (i.e.,
multiple size classes are present; Hewitt and Janney 2011). Therefore, it appears that droughts
and resulting low lake levels, although are likely to have adverse effects at the time they occur,
has not resulted in population-level effects that we have detected and thus, varying lake levels do
not appear to be limiting the persistence of SNS in Clear Lake.

Current data for LRS indicates that there has been little recent recruitment in Clear Lake (Hewitt
and Janney 2011), as described in the section 7, Status of the Species. The cause of this problem
is unknown. However, so called “recruitment droughts” are common among western lake
suckers (Scoppettone and Vinyard 1991); although, the causes are unknown and all western lake
suckers are affected to some degree by water management. We do not know exactly what is
limiting LRS recruitment but Project operations cannot be ruled out because there are several
potential ways that lake level management resulting in low lake levels could affect recruitment,
including drought stress and increased vulnerability to pelican predation. However, low lake
elevations below 4523 ft are likely to be uncommon events based upon the POR and therefore
not likely to be limiting the persistence of LRS in Clear Lake. Therefore, adverse effects to
rearing habitat from proposed Project operations are not likely limiting the conservation role of
critical habitat for LRS.

9.3.2.1.3 Effects to PCE 3—Food
No specific data concerning the availability of food in Clear Lake exists; however, for the
following reasons the USFWS believes this is probably not a limiting factor for the LRS and
SNS that occur there. The reservoir contains a very large amount of habitat and is productive
enough to maintain dense populations of zooplankton. Also, although juveniles weigh slightly
less at a given size in Clear Lake than do their counterparts in UKL (Burdick and Rasmussen
2012), captured individuals do not appear to be unhealthy or of low condition. Therefore, food
availability is not adversely affected by the proposed action and this PCE supports the recovery-
support function of critical habitat for the LRS and the SNS in Clear Lake.

9.3.2.2 Effects to LRS and SNS Critical Habitat in Gerber Reservoir and Its Tributaries

9.3.2.2.1 Effects to PCE I—Water
The proposed action does not affect PCE1 in the tributaries of Gerber Reservoir because Project
operations do not extend to the tributaries.

Water quality monitoring in Gerber Reservoir over a wide range of lake levels and years has
documented conditions that are periodically stressful, but typically adequate, for sucker survival.
Stressful water quality conditions were limited to hot weather conditions that created high water
temperatures (USBR 2001a, 2007, 2009; Piaskowski and Buettner 2003; Phillips and Ross
2012). Periodic stratification during summer and fall in the deepest portion of Gerber Reservoir
can result in DO concentrations that are stressful to suckers (Piaskowski and Buettner 2003).
However, stratification in Gerber Reservoir has been observed persisting for less than a month,
and 1s confined to the deepest water in a small portion of the reservoir nearest the dam
(Piaskowski and Buettner 2003). This low DO condition is likely more the result of
climatological conditions, such as high air temperatures and low wind speeds, than lake surface
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elevations because shallower depths would likely increase mixing of bottom waters and this
increase DO concentrations.

Blooms of blue-green algae can also reach densities in the fall and winter high enough to prompt
advisories by the State of Oregon, but it is unknown if these blooms are directly or indirectly
impacting SNS in this reservoir, or if Project operations affect the blooms.

The minimum proposed elevation for the end of September of 4,798.1 ft (1,462.5 m) in Gerber
Reservoir will likely provide adequate water depths for protection against winter kill of SNS,
which has apparently not occurred in the past during cold weather events where this elevation
was maintained (USFWS 2008).

Based on the stability of the SNS population in Geber Reservoir, and the fact that proposed
Project operations will be unchanged from past operations, adverse effects from water quality are
not likely to limit the persistence of SNS in Gerber Reservoir. Thus, the proposed action is
likely to provide the recovery-support function of critical habitat for the SNS in Gerber Reservoir
for water quality.

9.3.2.2.2 Effects to PCE 2—Spawning and Rearing Habitat
The proposed action is not anticipated to impact spawning habitat, the first component of PCE2.
Access to Ben Hall and Barnes Valley Creeks, that are the two main Gerber Reservoir tributaries
where SNS spawning occurs, requires a minimum reservoir elevation of about 4,805.0 ft (1,464.6
m) during the February through May spawning season (USFWS 2008). During very dry years,
both Barnes Valley and Ben Hall Creeks typically have low spring flows that are unlikely to
provide adequate upstream passage for spawning adults, regardless of lake elevations (USBR
2001a). During these conditions, spawning cues are also unlikely to be present. Although the
Gerber Reservoir surface elevations at the end of September have been observed below the
proposed minimum elevation of 4,798.1 ft (1,462.5 m) in 5 years during the POR (1931, 1960,
1961, 1991, and 1992), surface elevations of at least 4,805.0 ft (1,464.6 m) were reached in these
years the following spring by the end of March (USBR 2012, Appendix 6B).

The effects of low water levels in Gerber Reservoir on SNS rearing habitat use, population size,
age-class distribution, recruitment, or decreased body condition are not fully understood.
However, available information (Barry et al. 2007a, Leeseberg et al. 2007) indicates that the
Gerber Reservoir SNS population has remained viable (i.e., shows evidence of regular
recruitment and high abundance) under the current management regime (USFWS 2008).
Because the proposed action is unchanged from past operations, low lake elevations resulting
from Project operations are unlikely to limit the persistence of SNS in Gerber Reservoir. Thus,
the proposed action is likely to provide the recovery-support function of critical habitat for the
LRS and the SNS in Gerber Reservoir for spawning and rearing habitat.

9.3.2.2.3 Effects to PCE 3—Food
No specific data concerning the availability of food in Gerber Reservoir exists; however, the
USFWS believes this is probably not a limiting factor for the LRS and SNS that occur there.
The reservoir contains a very large amount of habitat and is productive enough to maintain dense
po