UNITEC STATES CEPAJ:ITMENT OF COMMERCE
National Oceanic and Atmospheric Administration
NATION AL MARINE FISHERIES SERVICE

Sacramento Area OHice
650 Capitol Mall, Suite 8-300
Sacramento, California 958 14-4 706

February 16, 201 0

Phillip Crader
Senior Environmental Scientist
Division of Water Rights
State Water Resources Control Board
P.O. Box 2000
Sacramento, California 95812-2000
via: hand delivery
Also via e-mail: Bay-Delta@waterboards.ca.gov

Dear Mr. Crader:
We are pleased to participate in the proceeding initiated by Senate Bill 11 ofthe 2009-2010
Seventh Extraordinary Session (SB 1), which calls for the State Water Resources Control Board
(SWRCB) to review scientific information relevant for the development of new flow criteria for
the Sacramento-San Joaquin Delta (De1ta). In addition to the Delta outflow criteria emphasized
in the original notice, NOAA's National Marine Fisheries Service (NMFS) urges the board to
consider additional criteria (e.g., for Delta inflow or for positive flows at locations in the interior
Delta) that could help to protect the salmon, steelhead, and sturgeon that migrate through and
rear in the Delta. Additionally, because many of the fish populations that use the Delta spend a
portion of their life history upstream of the Delta, the SWRCB must not set Delta flow criteria
that would preclude the ability to meet flow and temperature needs in these upstream areas. We
encourage you to include, or make reference to, necessary upstream flow and temperature
criteria if your process allows for this.
NMFS is engaged in various efforts to improve the viability of the anadromous fish populations
of California's Central Valley, including:
•

•
•

the recent consultation (our "Biological Opinion" issued June 2009) on the long-term
operations of the Central Valley Project (CVP) and State Water Project (SWP) under
section 7 of the Federal Endangered Species Act (ESA);
the recent release (October 2009) of a Public Draft Recovery Plan for Central Valley
Salmon & Steelhead under Section 4 of the Federal ESA; and
the Bay Delta Conservation Plan process.

Because the SWRCB has such sweeping authority in state water issues (both for water quality
and water rights), we welcome the opportunity to engage in this process and hope that the
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information provided to the SWRCB will help provide for more effective management of the
Delta watershed.
Enclosed are 6 sets of materials submitted for the Delta Flow Criteria Proceeding scheduled to
begin March 22, 20 I0. The larger exhibits are provided in electronic format only:
ITEM

PROVIDED IN
HARDCOPY?

PROVIDED ON
CD?

Written Summary
Witness Identification List
Exhibit Identification List
NMFS Exhibit I
Statement of Qualifications for Rosalie del Rosario
NMFS Exhibit 2
Statement of Qualifications for David Swank
NMFS Exhibit 3
OCAP Biological Opinion & Appendices (June 2009)
NMFS Exhibit 4
Selected references from the OCAP Biological Opinion
NMFS Exhibit 5
Public Draft Recovery Plan for Central Valley Salmon and Steelhead &
Appendices (October 2009)
NMFS Exhibit 6
Essential Fish Habitat Conservation Recommendations (June 2009)
NMFS Exhibit 7
Residence of Winter-Run Chinook Salmon in the Sacramento-San Joaquin
Delta: The role of Sacramento River hydrology in driving juvenile
abundance and migration patterns in the Delta
NMFS Exhibit 8
Observed vs. Unimpaired Flows in the Sacramento Basin
NMFS Exhibit 9
Flow criteria for green and white sturgeon - NMFS summary and APRP
paper
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While the schedule imposed on this proceeding by SB 1 is aggressive, we recognize that this is
just one step in a continuing process. We look forward to continued collaboration with the
SWRCB and other interested parties beyond this initial proceeding as flow criteria are developed
not only for the Delta itself, but for rivers and streams in the Delta watershed.
Please contact Barbara Byrne, of my staff, at (916) 930-5612, or via e-mail at
barbara.byme@ noaa.gov if you need additional information.
Sincerely,

J.1CUt-~ fia_
Maria Rea
Supervisor, Sacramento Area Office
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Written Summary
NOAA’s National Marine Fisheries Service (NMFS) has jurisdiction over marine resources,
including anadromous salmon, steelhead, and sturgeon that migrate through and rear in the
Sacramento-San Joaquin Delta (Delta). NMFS administers the Endangered Species Act (ESA)
for anadromous fish. In the Central Valley and Delta these include: winter-run Chinook salmon,
spring-run Chinook salmon, Central Valley steelhead, and North American green sturgeon.
Adequate flows are an essential component of habitat for all life stages of listed and non-listed
anadromous fish, both upstream in rivers and spawning habitats and in the Delta. Flows affect
cues for both upstream and downstream migration, affect access to and quality and quantity of
rearing habitat, affect temperatures necessary for maintaining spawning, egg incubation and
juvenile rearing, and are positively correlated with juvenile salmon survival. NMFS is providing
these submittals in our role of offering technical assistance. We are ready to assist the State
Water Resources Control Board (SWRCB) in its efforts to develop criteria for flow, temperature,
and other conditions necessary for a Delta ecosystem that can support healthy fish populations.
Responses to Questions in the Original Notice
Question 2 – Methodology for developing flow criteria
Clearly articulating what it means to protect public trust resources should be the starting point in
the SWRCB‘s process of developing Delta flow criteria. Section 7 of the ESA requires that
Federal agencies insure that their actions do not jeopardize the continued existence of threatened
or endangered species or adversely modify their designated critical habitat. Courts have
interpreted this standard to require consideration of the action’s effects on recovery of the
species. Section 7 has not been found, however, to require that an agency action insure recovery
of threatened and endangered species. Consequently, prescriptions in an ESA biological opinion
are likely to be less than what is required for full recovery of the species. In contrast, protection
of public trust resources means insuring the conditions that will support a sufficient number of
self sustaining populations for the species as a whole to be self-sustaining for the foreseeable
future – in other words, insuring recovery of the species.
Question 3 – The importance of the source of Delta outflow
Establishing appropriate inflow requirements for the Sacramento and San Joaquin rivers is very
important for providing the appropriate cues and conditions for successful migration of salmon,
steelhead, and sturgeon into and out of habitats upstream of the Delta. For example, setting a
Sacramento River inflow criterion that maintains unidirectional flows in the mainstem
Sacramento downstream of Georgiana Slough during the salmon emigration period would
minimize opportunities for emigrating smolts to enter the Central Delta once they have passed
the Georgiana Slough bifurcation.
In order to protect all life history stages of Central Valley salmon, steelhead, and sturgeon, Delta
flow criteria must not preclude the ability to meet upstream requirements for flow and
temperature maintenance. For example, in the Bay Delta Conservation Plan process, NMFS has
recommended the following end of April (and September) Shasta storage numbers deemed
necessary to support adequate water temperatures for winter-run Chinook, spring-run Chinook,
and fall-run Chinook below Shasta Dam:
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End of April storage in Shasta Reservoir:
Minimum end of April storage for all water year types other than those specified below:
3.8 million acre-feet (MAF; objective to meet Balls Ferry temperature compliance point
(TCP) through management of cold water pool releases).
Minimum end of April storage for wet years: 4.2 MAF (objective to meet Jelly’s Ferry
TCP through adaptive management of cold water pool releases).
Minimum end of April storage for third (or more) year in a series of dry and/or critically
dry of years (i.e., a prolonged drought): 3.3 MAF (objective to meet Clear Creek TCP
through management of cold water pool releases).
End of September storage in Shasta Reservoir:
Minimum end of September storage: 2.2 MAF (objective to meet 3.8 MAF in end of
April in the following year).
Minimum end of September storage for second (or more) year in a series of dry and or
critically dry years: 1.9 MAF (objective to meet 3.3 MAF in end of April in the following
year).
Similar storage recommendations are included in the NMFS Biological Opinion (Action I.2, p
590-603), with consultation among fishery agencies and Bureau of Reclamation built in to
develop release schedules that optimize use of the cold water pool and help to maintain sufficient
carryover storage.
Our supporting documents address both flows within the Delta and upstream flow
considerations. We urge the SWRCB to consider inflow and upstream constraints when setting
Delta outflow criteria. .
Question 4- Uncertainty and Adaptive Management:
The SWRCB is likely to face two kinds of uncertainty in the process of establishing Delta flow
criteria:
(1) uncertainty as to what flows each species requires for each life stage under different
hydrological conditions, and
(2) uncertainty as to how current conditions will change over time and lead to changes in flow
needs.
In a system as complex as the Delta, it is impossible to gather enough data to describe key
processes, evaluate important variables, and predict results of management actions with absolute
certainty, especially in light of the climate disruption which is already evident in the Delta. In
addition, analyses are subject to different interpretations by interest groups, and professional
judgment plays a role in management decisions.
NMFS encourages the SWRCB to establish initial flow criteria that provide a margin of safety
for fish populations dependent on the Delta, including full public trust protection of fishery
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resources. Monitoring and adaptive management processes can be used to refine flows as they
are incorporated into regulatory processes at a later date. Due to the highly imperiled status of
many species, if flows are set too low initially and monitoring demonstrates that they are
inadequate, some species could be extirpated. Protection of imperiled species in the face of
uncertainty requires a precautionary approach.
Exhibit Highlights
NMFS Opinion (Exhibit 3)
On June 4, 2009, NMFS issued its Biological and Conference Opinion on the Long-Term
Operations of the Central Valley Project (CVP) and State Water Project (SWP) (Opinion) which
provides many actions within its Reasonable and Prudent Alternative (RPA) to protect Delta
species listed under the Federal ESA for which NMFS has jurisdiction. Flow related
components of the Opinion include:


In the Sacramento River Basin, the Opinion includes actions to manage the cold water
pool in Shasta Reservoir in order to provide suitable habitat for winter-run and spring-run
Chinook salmon in most years, without sacrificing the potential for cold water
management in a subsequent year (Action Suite I.2, p.590-603).



The Opinion includes a flow schedule for the American River to provide minimum flows
for all steelhead life stages (Action II.1, p. 612)



In the San Joaquin River Basin, the Opinion provides a minimum in-stream flow
schedule throughout the year for the Stanislaus River, to protect Central Valley steelhead
(Action III.1.3, p. 622-625, Appendix 2-E).



The Opinion provides an interim minimum flow schedule for the San Joaquin River at
Vernalis during April and May (Action IV.2.1, p. 641-645), effective through 2011.
These flows are based on maintaining a minimum status quo for San Joaquin River basin
salmonids populations. Long term flow schedules for the San Joaquin River are
expected to result from the SWRCB proceedings on San Joaquin flows. .



Additionally, in order to improve the outmigration success of San Joaquin River
steelhead (as well as Sacramento River salmonids diverted into the interior Delta), Action
IV.2.1 of the NMFS Opinion protects a fraction of San Joaquin River flow by means of
an inflow (at Vernalis):export (combined CVP and SWP) ratio during April and May.
This inflow to export ratio is responsive to water year type and has additional flexibility
in the case of multiple dry years or health and safety concerns.

It is important to note that the flow protections described in the project description and RPA are
the minimum flows necessary to avoid jeopardy. The Delta flow criteria necessary to “protect
public trust resources” may not be the same as those called for in the NMFS Opinion, and will
likely be greater than those described in the opinion. In addition, NMFS considered provision of
water to senior water rights holders to be non-discretionary for purposes of the federal ESA as it
applies to Section 7 consultation with the Bureau of Reclamation. This constrained development
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of RPA Shasta storage actions and flow schedules. This constraint may not apply to the SWRCB
flow criteria process. Vernalis flows in the Opinion were constrained by the Opinion’s scope
extending only to CVP New Melones operations. Operations on other San Joaquin tributaries
were not within the scope of the consultation.
NMFS Recovery Plan (Exhibit 5)
In October of 2009, NMFS released a Public Draft Recovery Plan for the Evolutionarily
Significant Units of Sacramento River Winter-Run Chinook Salmon and Central Valley SpringRun Chinook Salmon and the Distinct Population Segment of Central Valley Steelhead (NMFS
Recovery Plan). Required under Section 4 of the Federal ESA, a recovery plan is a roadmap that
describes the steps, strategies, and actions that must be taken to return listed species to viable
status and ensure their long-term persistence and evolutionary potential. One of the priority
actions of the NMFS Recovery Plan is to implement a Sacramento River flow management plan
that balances carryover storage need with instream flow and water temperature needs for winterrun, spring-run, and steelhead based on runoff and storage conditions, including flow fluctuation
and ramping criteria.
While the “recovery standard” of this document may be nearer the charge of the SWRCB to
protect public trust resources, it, like the NMFS Opinion, does not explicitly address the needs
for fall-run Chinook salmon. That said, many of the actions described in the NMFS Opinion or
NMFS Recovery Plan to improve conditions for ESA-listed species will also improve conditions
for fall-run Chinook salmon.
EFH Consultation (Exhibit 6)
In addition to its authority under the Federal ESA, NMFS has authorities under the MagnusonStevens Fishery Conservation and Management Act to identify and describe Essential Fish
Habitat (EFH) in fishery management plans, and to provide conservation recommendations to
any agency taking an action that may adversely affect EFH. NMFS concluded that the proposed
long-term operations of the CVP and SWP would adversely affect EFH for Pacific salmon, and
offered conservation recommendations (p. 21-29) which include actions upstream of the Delta as
well as in the Delta (p. 26-29). Many of the conservation recommendations include flow
provisions to protect the habitat of all life history stages of Pacific salmon.
Other Exhibits (Exhibits 7-10)
Other exhibits provide information about:
 the magnitude of pulse flows important for emigration of winter-run Chinook salmon
(Exhibit 7)
 the relationship of winter-run Chinook salmon smolt emigration and monthly Sacramento
River flow volumes (Exhibit 8)
 patterns of observed vs. unimpaired flows in the Sacramento and San Joaquin basins
(Exhibit 9)
 flow needs for green sturgeon and white sturgeon (Exhibit 10)
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WITNESS IDENTIFICATION LIST
Delta Flow Criteria Information Proceeding
Scheduled to Commence
Monday, March 22, 2010

___National Marine Fisheries Service _____ plans to call the following witnesses:
NAME

Rosalie del Rosario
David Swank

PROPOSES
PARTICIPATION ON THE
FOLLOWING PANEL(S)
(note panel number)

(1) Hydrology
(3) Anadromous fish
(3) Anadromous fish
(4) Hydrodynamics

1

WILL THE WITNESS
SUBMIT TESTIMONY (no if
only responding to
questions)

No
No
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EXHIBIT IDENTIFICATION LIST
Delta Flow Criteria Information Proceeding
Scheduled to Commence
Monday, March 22, 2010

PARTICIPANT________National Marine Fisheries Service __________________
Exhibit
Identification
Number
NMFS Exhibit 1
NMFS Exhibit 2
NMFS Exhibit 3
NMFS Exhibit 4
NMFS Exhibit 5
NMFS Exhibit 6
NMFS Exhibit 7

NMFS Exhibit 8
NMFS Exhibit 9

Exhibit Description

Statement of Qualifications for Rosalie del Rosario
Statement of Qualifications for David Swank
NMFS OCAP Biological Opinion & Appendices (June 2009)
Selected references from the NMFS OCAP Biological Opinion
Public Draft Recovery Plan for Central Valley Salmon and Steelhead &
Appendices (October 2009)
Essential Fish Habitat Conservation Recommendations (June 2009)
Residence of Winter-Run Chinook Salmon in the Sacramento-San Joaquin
Delta: The role of Sacramento River hydrology in driving juvenile
abundance and migration patterns in the Delta
Observed vs. Unimpaired Flows in the Sacramento Basin
Flow criteria for green and white sturgeon – NMFS summary and AFRP
paper
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ROSALIE B. DEL ROSARIO
National Marine Fisheries Service, 650 Capitol Mall, Suite 8-300, Sacramento, CA 95814
(916) 930-3614 Rosalie.delRosario@noaa.gov
Education
Ph.D. Aquatic Ecology, University of California at Berkeley, 2000
B.A. Integrative Biology, University of California at Berkeley, 1992
Employment
Ecologist, National Marine Fisheries Service, Sacramento, 2001-Present
Lecturer, California State University at Sacramento, 2006-2007
Post-doctoral Researcher, San Diego State University, 2001
Lecturer, General Biology, UC Berkeley, 2001
Graduate Student Researcher, Aquatic Ecology and Entomology, UC Berkeley, 1995-2000
Graduate Student Instructor, Aquatic Entomology and General Biology, UC Berkeley, 1996-1997
Research Assistant, Long-term monitoring of exotic species, NOAA Great Lakes Environmental
Research Laboratory, Ann Arbor, Michigan, 1994-1995
Field Analytical Specialist, Intl. Technology, engineering consulting firm, San Diego, 1993-1994
Research Intern, Rapid rural appraisal of coastal community resources, Institute of Environmental
Science and Management, Philippines, 1992-1993
Publications
del Rosario, Rosalie B., Yvette J. Redler, and Patricia Brandes. In Preparation. Residence of WinterRun Chinook Salmon in the Sacramento-San Joaquin Delta: The role of Sacramento River
hydrology in driving juvenile abundance and migration patterns in the Delta.
Diffendorfer, J.E., R.E. Chapman, J.M. Duggan, G.M. Fleming, M. Mitrovitch, M.E. Rahn, and R.
del Rosario. 2002. Coastal sage scrub response to disturbance. A literature review and annotated
bibliography. Report to California Department of Fish and Game.
del Rosario, Rosalie B., Emily A. Betts, and Vincent H. Resh. 2002. Cow manure in headwater
streams: Tracing aquatic insect responses to organic enrichment. Journal of the North American
Benthological Society, 21(2):278-289.
del Rosario, Rosalie B. and Vincent H. Resh. 2002. Responses of caddisflies and other indicator taxa
to experimental manure enrichment in streams. Pp. 499-505. In Wolfram Mey (ed.):
Proceedings of the 10th International Symposium on Trichoptera, Pottsdam 2000, Goecke and
Evers, Keltern, 664 pages.
del Rosario, Rosalie B. and Vincent H. Resh. 2001. Interstitial invertebrate assemblages associated
with small-scale subsurface flowpaths in perennial and intermittent California streams. Archiv
für Hydrobiologie, 150(4):625-640.
del Rosario, Rosalie B. and Vincent H. Resh. 2000. Invertebrates in intermittent and perennial
streams: Is the hyporheic zone a refuge from drying? Journal of the North American
Benthological Society, 19(4):680-696.
Distinctions and Awards
NOAA Fisheries Performance Awards, 2001-2009
NOAA Fisheries Recognition for Technical Service Award, 2008
NOAA Fisheries Protected Resources Division Workshop Leadership and Planning, 2008
NOAA Fisheries Equal Employment and Opportunity Committee Recognition, 2002-2004
Best Paper Award for Applied Research, North American Benthological Society, 2000
Richard B. Gump South Pacific Research Fellowship, 2000
Robert L. Usinger Memorial Award in Aquatic Entomology, 2000
Entomology Students’ Organization Travel Grant, 2000
UC Berkeley Outstanding Graduate Student Instructor Award, 1998
Sigma Xi Grants-in-Aid-for-Research, 1998
Harvey I. Magy Memorial Scholarship, 1998
Chancellor’s Opportunity Predoctoral Fellowship, 1995-1998

Key Technical Expertise as NMFS Ecologist. I am responsible for applying scientific information on
Chinook salmon, steelhead, and sturgeon to complex planning and management forums in the Central
Valley under the Endangered Species Act, National Environmental Policy Act, and Magnuson-Stevens
Fishery Conservation and Management Act.
Bay Delta Conservation Plan, NMFS Lead Scientist. Responsible for agency’s technical input during
the development of nation’s largest aquatic habitat conservation plan seeking long term balance
between ecosystem conservation in the Sacramento-San Joaquin Delta and California water
demand. Apply scientific findings and ecological concepts concerning anadromous fishes
recovery goals and objectives, Central Valley water operations, natural hydrographs, estuarine
and riverine habitat restoration, water quality, non native species, hatcheries and harvest issues to
the scientific evaluation and planning processes.
Draft Central Valley Salmonid Recovery Plan, Contributor. Drafted recovery plan outline for Central
Valley Chinook salmon and steelhead, developed Delta-specific salmonid stressor matrix, and
first field application of the plan’s salmonid stressor tables to Central Valley project development.
The plan is guided by conservation principles of population spatial structure, genetic diversity,
population growth, abundance, watershed uses, recommended management actions, and habitat
connectivity among freshwater, estuarine and marine environments.
Central Valley Research Permits Program, Coordinator. Collaborated with Central Valley
researchers to generate information for the recovery and conservation of anadromous species.
Applied monitoring and research data to regional implementation of the Endangered Species Act
and Magnuson-Stevens Fishery Conservation and Management Act.
NMFS Representative in Planning Forums: Sacramento-San Joaquin Estuary Interagency Ecological
Program; Comprehensive Study; Bay-Delta Public Advisory Committee Watershed
Subcommittee; Sacramento River Conservation Area; Sacramento River Project; North Delta
Improvements Project; Battle Creek Salmon and Steelhead Restoration Project; Ecosystem
Restoration Plan Conservation Strategy for the Delta; Butte County Regional Habitat
Conservation Plan; and Ecosystem Restoration Program Adaptive Management Planning Team.
Key Research Topics as Doctoral and Post-Doctoral Researcher
Aquatic invertebrate community responses to natural disturbances from hydrologic intermittency and
anthropogenic nutrient enrichment in California coastal and Sierran streams
Use of stable carbon isotopes to trace organic enrichment absorption in stream invertebrate fauna
Taxonomic identification and classification of aquatic invertebrates
Trophic structure of aquatic invertebrate communities
Temporal and spatial variability of aquatic invertebrate communities
Water quality monitoring using benthic invertebrates
Freshwater community ecology and insect ecology
Multispecies index of biological integrity for San Diego coastal sage scrub communities
Teaching
Lecturer, Stream Ecology and Aquatic Pollution Assessment, CSU Sacramento, Fall 2006 & 2007
Lecturer, Field Methods in Ecology, CSU Sacramento, Spring 2007
Lecturer, General Biology (Molecular and Cell Biology, Genetics, Animal Physiology), UC Berkeley,
Spring 2001
Graduate Student Instructor, Aquatic Entomology, UC Berkeley, Fall 1997
Graduate Student Instructor, General Biology (Ecology, Evolution, Botany), UC Berkeley, Spring
1996 and 1997
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Conference Presenter or Co-author
Salmonid Restoration Federation/California-Nevada American Fisheries Society, Redding, CA 2010
San Francisco Estuary Conference, Oakland, CA 2009
National American Benthological Society, Anchorage, AK 2006
CALFED Science Conference, Sacramento, CA 2004
Western Division and California-Nevada American Fisheries Society, San Diego, CA 2003
California-Nevada Chapter of the American Fisheries Society, Lake Tahoe, CA 2002
National American Benthological Society, Keystone, CO 2000
International Symposium on Trichoptera, Potsdam, Germany 2000
National American Benthological Society, Duluth, MN 1999
Western University Research Forest Manager’s Conference, Georgetown, CA 1999
Sigma-Xi Chapter, Berkeley, CA 1998
Peer Review Referee
Canadian Journal of Fisheries and Aquatic Sciences
Journal of the American Water Resources Association
Freshwater Biology
Aquatic Conservation: Marine and Freshwater Ecosystems
Journal of the North American Benthological Society
US Environmental Protection Agency
Archiv für Hydrobiologie
Hydrobiologia
Great Basin Naturalist
Pesticide Science
Book chapter in Global Perspectives on River Conservation: Science, Policy and Practice
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David R. Swank, Ph.D

David Swank has been researching steelhead populations in the Great Lakes and in California for
the past 12 years, and has extensive knowledge of their life-history and habitat requirements. In
his present position at the NOAA-Fisheries Southwest Regional Office he is a member of the
Bay-Delta Conservation Plan team, with a focus on analyzing the effects of the plan on
anadromous fish in the Delta and Central Valley Rivers. For the past four years, as a postdoctoral researcher and research fellow at the University of California at Santa Cruz, he has been
studying the life-histories of steelhead populations in coastal California and in California’s
Central Valley. For his dissertation at the University of Michigan, he compared the life-history
variation among and within naturalized steelhead populations of the Great Lakes.
Education
-Ph.D. in Fisheries Ecology, School of Natural Resources and Environment, University of
Michigan. Dissertation Topic: “Life-History Variation and Management of Wild Great Lakes
Steelhead Populations”
-M.S. in Zoology, Michigan State University,
-B.S. in Biology - Ecology and Evolutionary Biology Concentration, University of Rochester
Positions Held
-Fisheries Biologist, NOAA Fisheries Protected Resources Division, Sacramento, CA. Sept
2009-Present
-Research Fellow. University of California at Santa Cruz, Santa Cruz, CA. Feb 2009-Present
Post-Doctoral Researcher. University of California at Santa Cruz, Santa Cruz, CA. Jan 2006- Jan
2009. Coordinate field and lab portions of a project investigating how juvenile growth rate
affects smoltification in wild California steelhead populations.
Publications
M.L. Bartron, D.R. Swank, E.S. Rutherford, and K.T. Scribner. “Methodological Bias in
Estimates of Strain Composition and Straying of Hatchery-Produced Steelhead in Lake
Michigan Tributaries.” 2004. North American Journal of Fisheries Management 24:1288-1299.
W.H. Satterthwaite, M.P. Beakes, E.M. Collins, J.E. Merz, D.R. Swank, R.G. Titus, S.M.
Sogard, and M. Mangel. “Steelhead Life History on California's Central Coast: Insights from a
State-Dependent Model.” Transactions of the American Fisheries Society 138: 532-548.
In Press: W. Satterthwaite, M. Beakes, E. Collins, J. Merz, D.R. Swank, R. Titus, S. Sogard, and
M. Mangel. “State-Dependent Life History Models in a Changing (and Regulated) Environment:
Steelhead in the California Central Valley.” Evolutionary Applications.
Submitted: D.R. Swank and E.S. Rutherford. “Life-History Variation among Wild Populations of
Great Lakes Steelhead”. Journal of Great Lakes Research.
Submitted: J.E. Breck, C.P. Simon, E.S. Rutherford, P.J. Lamberson, B.S. Low, and D.R. Swank.
“When to Mature? New Answers from Life-History Theory, with Applications to Great Lakes
Salmonids.” Ecological Applications.
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Submitted: D.R. Swank and E.S. Rutherford. “Temporal Life-History Variation in Great Lakes
Steelhead Populations”. Transactions of the American Fisheries Society.
In preparation: D.R. Swank, M. Beakes, E. Collins, J. Merz, W. Satterthwaite, R. Titus, S.
Sogard, and M. Mangel. “Growth Patterns and Residency of Wild O. mykiss in Coastal
California and Central Valley Streams.”
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Selected References from the OCAP Biological Opinion
Adams, P.B., C.B. Grimes, J.E. Hightower, S.T. Lindley, and M.L. Moser. 2002.
Status review for North American green sturgeon, Acipenser medirostris. National Marine
Fisheries Service. 58 pages.
Bay Institute. 1998. From the Sierra to the Sea: The ecological history of the San Francisco BayDelta watershed. San Francisco. 286 pages
Beamesderfer, R.C.P., M.L. Simpson, and G.J. Kopp. 2007. Use of life history information in a
population model for Sacramento green sturgeon. Environmental Biology of Fishes. 79 (34): 315-337.
Brandes, P.L. and J S. McLain. 2001. Juvenile Chinook salmon abundance, distribution, and
survival in the Sacramento-San Joaquin Estuary. In: R.L. Brown, editor, Contributions to the
biology of Central Valley salmonids. Volume 2. California Department of Fish and Game
Fish Bulletin 179:39-136.
Burau, J., A. Blake, and R. Perry. 2007. Sacramento/San Joaquin River Delta regional salmon
outmigration study plan: Developing understanding for management and restoration. 72
pages plus appendices. Available at:
http://www.science.calwater.ca.gov/pdf/workshops/workshop_outmigration_reg_study_plan
_011608.pdf
California Department of Fish and Game. 1998. A status review of the spring run Chinook
salmon in the Sacramento River drainage. Report to the Fish and Game Commission.
Candidate species status report 98-1. Sacramento, California. June. 394 pages.
California Department of Fish and Game. 2002. California Department of Fish and Game
comments to NMFS regarding green sturgeon listing. 79 pages plus appendices.
CVP/SWP operations BA not sure of citation, none given.
California Department of Water Resources. 1995. Sacramento and San Joaquin Delta Atlas. 122
pages. November 1995. http://baydeltaoffice.water.ca.gov/DeltaAtlas/
California Department of Water Resources. 2002a. Suisun Marsh Salinity Control Gates salmon
passage evaluation report. Environmental Services Office, Sacramento, California. 19 pages.
California Department of Water Resources. 2005a. Collection, handling, transport, release
(CHTR) new technologies Proposal: Phase 1 Baseline conditions. May. vii + 72 +
appendices.
California Department of Water Resources. 2005b. Summary of the collection, handling,
transport, and release (CHTR) process and data available on State Water Project (SWP) and
Central Valley Project (CVP) fish salvage. December. vi + 88 pages.
California Department of Water Resources. 2008. Quantification of pre-screen loss of juvenile
steelhead within Clifton Court Forebay. Draft. September. xvii + 119 pages.
Clark, G.H. 1929. Sacramento-San Joaquin salmon (Oncorhynchus tshawytscha) fishery of
California. California Fish and Game Bulletin 17:1-73.
Dettman, D.H., D.W. Kelley, and W.T. Mitchell. 1987. The influence of flow on Central Valley
salmon. Prepared for the California Department of Water Resources. Revised July 1987.
(Available from D.W. Kelley and Associates, 8955 Langs Hill Rd., P.O. Box 634,
Newcastle, CA 95658).
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Enclosure 2
Magnuson-Stevens Fishery Conservation and Management Act
ESSENTIAL FISH HABITAT CONSERVATION CONSULTATION
Long-Term Operations of the
Central Valley Project and State Water Project

I.

IDENTIFICATION OF ESSENTIAL FISH HABITAT

The Magnuson-Stevens Fishery Conservation and Management Act (MSFCMA), as amended
(U.S.C. 1801 et seq,.), requires that Essential Fish Habitat (EFH) be identified and described in
Federal Fishery Management Plans (FMPs). Federal action agencies must consult with NOAA’s
National Marine Fisheries Service (NMFS) on any activity which they fund, permit, or carry out
that may adversely affect EFH. If NMFS determines that a proposed Federal or State activity
would adversely affect EFH, then NMFS is obligated to provide EFH conservation
recommendations to the action agency. The Federal action agency that receives the conservation
recommendations must provide a detailed response in writing to NMFS within 30 days after
receiving EFH conservation recommendations. The response must include a description of
measures proposed by the agency for avoiding, mitigating, or offsetting the impact of the activity
on EFH. In the case of a response that is inconsistent with NMFS EFH conservation
recommendations, the Federal agency must explain its reasons for not following the
recommendations. 16 U.S.C. §1855(b)(4)(B).
EFH is defined as those waters and substrates necessary to fish for spawning, breeding, feeding,
or growth to maturity. For the purposes of interpreting the definition of EFH, “waters” includes
aquatic areas and their associated physical, chemical, and biological properties that are used by
fish, and may include areas historically used by fish where appropriate; “substrate” includes
sediment, hard bottom, structures underlying the waters, and associated biological communities;
“necessary” means habitat required to support a sustainable fishery and a healthy ecosystem;
and, “spawning, breeding, feeding, or growth to maturity” covers all habitat types used by a
species throughout its life cycle. The action area of the proposed action is within the area
identified as EFH for Pacific coast salmon species identified in Amendment 14 of the Pacific
Coast Salmon FMP [Pacific Fishery Management Council (PFMC) 1999].
Chinook salmon (Oncorhynchus tshawytscha) are the largest of the Pacific salmon. Chinook
salmon are highly prized by commercial, sport, and subsistence fishers. Pacific coast Chinook
salmon stocks are managed by the Council under the Pacific Salmon FMP. These stocks include
fall- and late fall-run Chinook salmon from the Central Valley system.
PFMC (1999) has identified and described EFH, and has identified adverse impacts and
recommended conservation measures for salmon in amendment 14 to the Pacific Coast Salmon
FMP. Freshwater EFH for Pacific salmon in the California Central Valley includes waters
currently or historically accessible to salmon within the Central Valley ecosystem as described in

Myers et al., (1998). EFH includes not only the watersheds of the Sacramento and San Joaquin
River basins but also the San Joaquin Delta (Delta) hydrologic unit (i.e., number 18040003),
Suisun Bay hydrologic unit (18050001) and the Lower Sacramento hydrologic unit (18020109).
Sacramento River winter-run Chinook salmon (O. tshawytscha), Central Valley spring-run
Chinook salmon (O. tshawytscha), and Central Valley fall- and late fall-run Chinook salmon (O.
tshawytscha; hereafter, specific Chinook salmon species are identified by run only) are species
managed under the Pacific Coast Salmon FMP that occur in these basins, as well as the Delta,
Suisun Bay, and Lower Sacramento units.
Factors limiting salmon populations in the Delta include periodic reversed flows due to high
water exports (drawing juveniles into large diversion pumps), loss of fish into unscreened
agricultural diversions, predation by introduced species, and reduction in the quality and quantity
of rearing habitat due to channelization, pollution, riprapping, etc. (Dettman et al,. 1987;
California Advisory Committee on Salmon and Steelhead Trout 1988, Kondolf et al., 1996a,
1996b). Factors affecting salmon populations in Suisun Bay include heavy industrialization
within its watershed and discharge of wastewater effluents into the bay. Loss of vital wetland
habitat along the fringes of the bay reduce rearing habitat and diminish the functional processes
that wetlands provide for the bay ecosystem.
A. Life History and Habitat Requirements of Pacific Salmon
General life history information for fall- and late fall-run is summarized below. Information on
winter-run and spring-run life histories is summarized in section 4 of the preceding biological
opinion for the proposed action (Enclosure 1, hereafter referred to as Opinion). Further detailed
information on Chinook salmon Evolutionarily Significant Units (ESU) are available in the
NMFS status review of Chinook salmon from Washington, Idaho, Oregon, and California
(Myers et al., 1998), and the NMFS proposed rule for listing several ESUs of Chinook salmon
(March 9, 1998, 63 FR 11482).
Adult fall-run enter the Sacramento and San Joaquin rivers from July through December and
spawn from October through December, while adult late fall-run enter the Sacramento and San
Joaquin rivers from October to April and spawn from January to April [U.S. Fish and Wildlife
Service (USFWS) 1998].
Chinook salmon will spawn in water that ranges from a few centimeters to several meters deep
provided that the there is suitable sub-gravel flow (Healey 1991). Spawning typically occurs in
gravel beds that are located in marginally swift riffles, runs, and pool tails with water depths
exceeding one foot and velocities ranging from 1 to 3.5 feet per second. Preferred spawning
substrate is clean loose gravel ranging from one to four inches in diameter with less that five
percent fines (Reiser and Bjornn 1979).
Egg incubation occurs from October through March (Reynolds et al., 1993). Shortly after
emergence from their gravel nests, most fry disperse downstream towards the Delta and into the
San Francisco Bay and its estuarine waters (Kjelson et al., 1982). The remaining fry hide in the
gravel or station in calm shallow waters with bank cover such as tree roots, logs, and submerged
or overhead vegetation. These juveniles feed and grow from January through mid-May, and
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emigrate to the Delta and estuary from mid-March through mid-June (Lister and Genoe 1970).
As they grow, the juveniles associate with coarser substrates along the stream margin or farther
from shore (Healey 1991). Along the emigration route, submerged and overhead cover in the
form of rocks, aquatic and riparian vegetation, logs, and undercut banks provide habitat for food
organisms, shade, and protect juveniles and smolts from predation.
B. Pacific Coast Salmon Fishery Management Plan
As noted by the PFMC, Chinook salmon eggs, alevins, and juveniles in freshwater streams
provide an important nutrient input and food source for aquatic invertebrates, other fishes, birds,
and small mammals. The carcasses of Chinook salmon adults can also be an important nutrient
input in their natal watersheds, as well as providing food sources for terrestrial mammals such as
bears, otters, minks, and birds such as gulls, eagles, and ravens. Finally, Chinook salmon in the
marine environment serve as a source of prey in the diet of other fishes, marine mammals, and
coastal sea birds. Southern Resident killer whales feed primarily on salmon, and some pinnipeds
have learned to return to areas that concentrate salmon as they migrate upstream (e.g.,
Bonneville Dam on the Columbia River).
In 1999, the PFMC identified EFH for Central Valley Chinook salmon stocks to include the
Sacramento and San Joaquin rivers and their tributaries as EFH3. Freshwater EFH for Chinook
salmon consists of four major habitat functions: (1) spawning and incubation; (2) juvenile
rearing; (3) juvenile migration corridors; and 4) adult migration corridors and adult holding
habitat (PFMC 1999). Projected impacts associated with the proposed action are expected to
eliminate, diminish, and/or disrupt these EFH habitat functions for fall- and late fall-run at many
sites within the project area. As concluded in the EFH Assessment prepared by the U.S. Bureau
of Reclamation (Reclamation; Reclamation 2008a), Central Valley Project (CVP) and State
Water Project (SWP) operations will adversely affect the EFH of fall- and late fall-run.
In developing its EFH Conservation Recommendations, NMFS recognized that all appropriate
and practicable steps to avoid adverse effects to EFH and measures to minimize remaining
adverse affects are constrained due to the existing operational conditions in the Central Valley
that have transpired over the lifetime of managing water in the Central Valley. Consequently,
available opportunities to avoid and minimize adverse effects may be limited. In addition,
NMFS recognizes that there may be potential conflicts in fulfilling its conservation mandates
under the Endangered Species Act (see Opinion) and protecting EFH for particular locations.
Generally, however, actions (e.g., restrictions on Delta pumping, increased flows in tributaries)
to protect listed anadromous fish species will provide benefits to non-listed salmonids (e.g., falland late fall-run), since they share similar habitats and respond to environmental impacts in a
comparable fashion.
Due to these limitations to avoid and minimize EFH impacts, NMFS believes that available
conservation measures may be insufficient to offset the expected further deterioration of EFH
habitat functions in parts of the project area. Consequently, the agency included EFH
Conservation Recommendations that advise Reclamation to consider compensatory mitigation as
part of this consultation. As stated in the EFH regulations [50 CFR §600.905 (b)], the EFH
Conservation Recommendations provided by NMFS “...may include measures to avoid,
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minimize, mitigate, or other otherwise offset adverse effects on EFH from actions or proposed
actions authorized, funded, or undertaken...” by the Federal action agency. Consequently, the
agency believes that in order to provide meaningful EFH Conservation Recommendations for
conserving and enhancing EFH, it needs to look beyond options for avoiding and minimizing
adverse affects and also include compensatory mitigation for conserving and enhancing Chinook
salmon EFH.
For this EFH consultation, compensatory mitigation is defined as activities used to offset
unavoidable adverse impacts on stream miles and associated habitat functions and values by
restoring, enhancing, or creating Chinook salmon habitat in other locations. In examining
mitigation options, the agency recognizes that the proposed action occurs within the context of
other water dependent operations that can also affect water quality and quantity. Because all
aspects of Central Valley water usage are interrelated and interdependent, NMFS believes that
reasonable opportunities for compensatory mitigation should look beyond the scope of the
proposed action and consider opportunities related to other water dependent operations. That is,
in order to properly mitigate, NMFS recognizes that Reclamation may need to look beyond its
own operations in order to improve the functions and values of Chinook salmon EFH by
combining suggested mitigation efforts with other government programs and initiatives as well
as with non-regulatory initiatives and partnerships.

II.

PROPOSED ACTION

The proposed action is the long-term operations of the CVP and SWP, described in the Appendix
1 to the Opinion, and as modified by the NMFS Reasonable and Prudent Alternatives (RPA). In
general, Reclamation proposes to continue the operation of the CVP and SWP in the Central
Valley, California. In addition to operations, several other actions are included in this
consultation. These actions are: (1) an intertie between the California Aqueduct and the DeltaMendota Canal; (2) Freeport Regional Water Project; (3) changes in the operation of the Red
Bluff Diversion Dam (RBDD); and (4) Alternative Intake Project for the Contra Costa Water
District.

III.

EFFECTS OF THE PROPOSED ACTION

The effects of the proposed action on winter-run and spring-run habitat are described at length in
section 6 (Effects of the Action) of the Opinion and are generally expected to apply to Pacific
Coast Salmon EFH. The following provides additional analysis and effects on fall- and late fallrun habitat.
A. Clear Creek
EFH for fall-run and late fall-run on Clear Creek has been improved by years of restoration work
and the removal of Saeltzer Dam in 2000, which provided an additional 12 miles of spawning
habitat. Funded for restoration, gravel augmentation, and increased flows has come from
CALFED’s Ecosytem Restoration Program and a separate Clear Creek Restoration Program
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included in the Central Valley Project Improvement Act (CVPIA). Since 1995, increased
releases from Whiskeytown Dam under the CVPIA section 3406 (b)(2) (hereafter referred to as
(b)(2) water) have been providing suitable habitat and water temperatures for fall-run and late
fall-run Chinook. The ten-year average (1997- 2007) fall-run escapement is 8,979 adults (CDFG
GranTab data 2008). Recent surveys by the USFWS (2003-2008) have also observed an average
of 64 late fall-run spawning in Clear Creek (USFWS 2008)
Abundance has generally improved overall since the 1950s, but decreased in the last several
years consistent with other fall-run populations in the Central Valley. Lack of (b)(2) for fall-run
would have a significant impact of the amount of habitat available for spawning and rearing.
Actions as part of the RPA taken to provide suitable conditions for spring-run and steelhead will
generally provide suitable conditions for other Chinook salmon races as well. Contrary to the
most recent in-stream flow studies (USFWS 2007a) increasing flows to 600 cubic feet per
second (cfs) for spring-run would negatively impact other Chinook salmon races by dewatering
redds later when the flows are dropped to conserve storage (i.e., most of the flow in Clear Creek
originate from releases diverted from the Trinity River). The use of pulse flows to attract springrun adults into Clear Creek, as described in the RPA, would aide out-migrating juvenile fall-run
smolts by improving survival to the Sacramento River. The RPA also increases the frequency of
flood control spills in every other year, which would improve habitat in general for all salmonids
by moving spawning gravels downstream from injection sites and improving the diversity of
rearing habitat available to multiple listed and non-listed species. Replacement of the
Temperature Curtain in Whiskeytown Reservoir has been shown to improve cold water into
Keswick Reservoir and may indirectly provide colder water to Clear Creek.
Based on the available evidence, the proposed RPA is expected to have beneficial impacts on
Clear Creek fall-run/late fall-run EFH through greater flows for channel maintenance, continued
water temperature requirements, and continued implementation of restoration and gravel
augmentation programs. Adverse effects of climate warming are expected to be buffered by
improved freshwater habitat diversity (Lindley 2009).
B. Upper Sacramento River Main Stem
Fall-run on the main stem Sacramento River have also shown a steady decline in abundance
since 1999 (Figure 1). This long-term trend is partly attributed to operating Shasta Dam releases
for temperature control and ramp downs in the fall to conserve storage. More recently, in the last
three years, the decline in fall-run is consistent with Central Valley-wide declines attributed to
poor ocean conditions (National Oceanic and Atmospheric Administration 2007). Conversely,
late fall-run on the main stem Sacramento River have shown a stable and increasing trend in the
recent past (Figure 2). Shasta Dam releases are typically reduced in the fall to conserve storage
after the irrigation season. This reduction in fall flows can strand and dewater Chinook salmon
redds that are located in shallow riffle areas in the upper Sacramento River (Red Bluf Diversion
Dam [RBDD] to Keswick Dam).
Chinook salmon spawning above RBDD is negatively impacted by water temperature
management proposed in the proposed action (Reclamation 2008, hereafter referred to as
CVP/SWP operations BA). The use of cold water reserves for winter-run through the summer
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impacts Chinook spawning in September and October since the cold water is typically used up
by the end of August. Temperature modeling indicates that in 50 percent of the years water
temperatures will be above the temperature control criteria (56oF) between Keswick Dam and
Balls Ferry and cannot be met from Balls Ferry to Bend Bridge. Therefore, future operations are
expected to reduce the available spawning habitat for Chinook salmon (i.e., spring-run, fall-run)
and increase the mortality to eggs and pre-emergent fry. With climate change, egg and fry
mortality are predicted to increase on average ten percent (Figures 3 to 5, CVP/SWP operations
BA Salmon Mortality Model).
Under the RPA, temperature management would improve the likelihood that cold water would
be available through the fall by increasing the carryover storage level in Shasta Reservoir during
critically dry years. These years represent approximately ten percent of the historical years
modeled by CalSim. Adverse impacts associated with dry year impacts would still occur with
future climate change (drier, less precipitation) but would only impact approximately 13 percent
of those fall-run population that spawn below the compliance point (see fall-run technical
memos, Hannon 2009, and Oppenheim 2009 Appendix 3).
Fall- and late fall-run adults migrate up the Sacramento River in late summer through late winter
(August – March). Fall-run and late fall-run utilize the main stem of the Sacramento River
upstream of the RBDD, although a small percentage of the run spawns just downstream of the
RBDD. RBDD gates will be raised on or before September 1, thereby blocking or delaying
some of the upstream-migrating adult fall-run prior to September 1. After 2012, the RBDD gates
will no longer be lowered; therefore, there will no longer be any adult Chinook salmon delays at
RBDD. Interim gate operations under the RPA allow a two-month gate closure (July through
August) until 2012, or a new pumping plant is constructed. With the gates out September 1,
approximately ten percent of fall-run adults passing RBDD will no longer be delayed (TCCA
2008). After 2012, the gates will be open year-round and approximately 25 percent of the fallrun adults will have unimpeded passage upstream. In addition, approximately eight percent of
the juvenile fall-run will no longer experience delays in Lake Red Bluff and increased predation
from passing downstream under the gates in May, June, and July (TCCA 2008). The highest
density spawning area occurs from the City of Anderson upstream to the first riffle downstream
of Keswick Dam. Based on recent RBDD ladder counts, the percentage of other races
encountering delays would be approximately 15 percent for winter-run, 70 percent for springrun, and 0 percent for late fall-run (TCCA 2008).
The RPA includes restoration projects in Battle Creek and other tributaries to expand habitat for
spring-run and winter-run. These restoration projects are likely to improve passage and habitat
for fall-run and late-fall Chinook as well.
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Figure 1. Fall-run Chinook salmon escapement above Red Bluff Diversion Dam 1956 – 2007. Years in
parentheses indicate preliminary data [California Department of Fish and Game (CDFG) 2008].

Figure 2. Late fall-run Chinook salmon escapement above Red Bluff Diversion Dam from 1971 – 2007.
Years in parentheses indicate preliminary data (CDFG 2008).
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Figure 3. Sacramento River fall-run Chinook salmon mortality by run and climate change scenario from
Reclamation salmon egg mortality model. All studies except 9.0 include a 1-foot sea level rise. Study 9.0 is
future conditions with D-1641 (Reclamation 2008a Figure 49).

Figure 4. Sacramento River late fall-run Chinook salmon mortality by run and climate change scenario from
Reclamation salmon egg mortality model. All studies except 9.0 include a 1-foot sea level rise. Study 9.0 is
future conditions with D-1641 (Reclamation 2008a Figure 50).
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Figure 5. Sacramento River average Chinook salmon mortality by run and climate change scenario from
Reclamation salmon egg mortality model. All studies except 9.0 include a 1-foot sea level rise. Study 9.0 is
future conditions with D-1641 (Reclamation 2008a Figure 51).

Fall- and late fall-run spawning the upper Sacramento River are adversely affected in all years
when flows are kept high for agricultural demand (i.e., rice decomposition) and then decreased in
the fall to conserve water in Shasta Reservoir. Large numbers of fall-run redds have been
dewatered in the upper Sacramento River when flows are lowered after the rice decomposition
program (September – November) is completed and Shasta Dam releases decrease. The RPA at
Shasta Reservoir is designed to minimize these future adverse effects through conserving water
in Shasta reservoir on a year-round basis, and operating more conservatively (i.e., assuming that
any initial dry-year hydrology could be the beginning of a drought sequence). Therefore, these
adverse effects will be minimized, but not eliminated. What is unknown at this time is how
higher storage levels in Shasta will effect fall-run and late fall-run spawning through more
frequent flood control spills (i.e., redd scouring, dewatering, isolation, and stranding events).
NMFS will analyze this impact when data becomes available and, through the use of technical
teams identified in the RPA, will adaptively manage this impact. Consequently, it is anticipated
that some redd dewatering will continue in the future condition.
Outmigrating Chinook salmon juveniles are also subjected to potential entrainment from water
diversions located along the Sacramento River — of the 879 diversions only 91 (11 percent)
currently have fish screens (Calfish data base and AFSP 2009 annual report). These diversions
adversely affect EFH by disrupting migration, diverting juveniles into unsuitable rearing habitat,
and killing fish outright The RPA insures that continued funding of fish screens will continue
through the AFSP to reduce entrainment at unscreened diversions.

9

Based on the available evidence, the proposed action is expected to adversely impact Sacramento
River fall-run and late fall-run EFH through continuing degradation of spawning and rearing
habitat, water temperature-related impacts, reduced flows, and entrainment at unscreened water
diversions. Increased level of water demands through 2030, reduced diversions from the Trinity
River, and future climate warming would exacerbate water temperature-related impacts to EFH.
However, the many actions within the RPA will generally improve EFH for naturally spawning
fall-run and late-fall run by improving adult passage at RBDD, increasing juvenile survival (i.e.,
reducing predation, and entrainment at diversions), reducing water temperature related impacts,
increasing reservoir storage, and restoring EFH in tributary spawning areas.
C. American River
This effects analysis assumes that impacts on lower American River Chinook salmon and their
habitat that are expected with implementation of the proposed Project will be similar to (or more
severe than) the impacts associated with the American River Division of the CVP, which have
occurred in the recent past (e.g., within the last ten years). This assumption is reasonable
because the proposed action includes the continued operation of the American River Division
through 2030 to meet increasing water demands. From 2000 through 2006, annual water
deliveries from the American River Diversion ranged from 196 thousand acre-feet (taf) in 2000
to 297 taf in 2005. In the CVP/SWP operations BA, present level water demands for the
American River Division were modeled at 325 taf per year, and the 2030 water demands are
modeled at nearly 800 taf per year; an annual demand about 2.7 to 4.0 times higher than the
annual deliveries from 2000 through 2006.
The only persistent Chinook salmon population spawning in the American River is the fall-run.
However, it should be noted that approximately 200 adult late fall-run returned to the American
River in 2008. Analysis of coded wire tags revealed that most of these late fall-run were released
in 2007 from Coleman National Fish Hatchery. Because these fish were hatchery stays, and it is
uncertain whether a persistent naturally spawning population will emerge from this stray event,
this American River EFH analysis will focus on fall-run.
Fall-run on their upstream spawning migration generally enter the American River beginning in
September, with peak migration occurring during October and November. Spawning typically
occurs from October through December, with fry emergence usually beginning in mid-to late
January and peaking during mid- to late February. Fall-run emigration primarily occurs in the
lower American River from January through June, with most salmon emigrating as postemergent fry or young-of-year juveniles (Surface Water Resources, Inc. 2001).
Most spawning occurs in the upper three miles of river from Goethe Park upstream to Nimbus
Dam. In general, the primary factors potentially limiting fall-run production within the lower
American River are believed to be high water temperatures and flow fluctuations during portions
of their freshwater residency in the river. Habitat quality during the adult immigration and
spawning life stages is expected to be affected by the continued operation of the proposed action.
High water temperatures during these life stages can delay the onset of Chinook salmon
spawning and cause pre-spawning mortality of adults and latent mortality of incubating embryos.
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These types of water temperature-related effects to Chinook salmon occur in the lower American
River. As described in Water Forum (2005):
“In November 2001, the average daily water temperature at Watt Avenue in the lower
American River was 61°F. Pronounced pre-spawning adult mortality as well as increased
latent mortality to incubating embryos reportedly can result when ripe adult female Chinook
salmon are exposed to water temperatures beyond the 56°F to 60°F range (McCullough
1999). Pre-spawning mortality of fall-run Chinook salmon was reported by CDFG to be
approximately 67 percent during the 2001 adult immigration and adult spawning season,
presumably because of high water temperatures (Healy 2004 in Lamb 2004).”
Water temperature exceedence plots presented in the CVP/SWP operations BA demonstrate that
with implementation of the proposed action adult Chinook salmon will be exposed to stressful
water temperatures (> 60°F) during September, October, and November. During September,
water temperatures are expected to range from just over 64°F during the coolest years up to
about 71°F during the warmest years (Figure 6). In most years, by October, water temperatures
are expected to have cooled to levels more suitable for successful spawning, but are still
expected to be stressful to Chinook salmon immigration, spawning, and initial embryo
incubation in 30 percent of the years (Figure 7). Even in November, water temperatures are
expected to exceed 60°F in the warmest years (Figure 8), as was observed in 2001. In dry years,
diversions from Folsom Reservoir, the need to make reservoir releases in order to meet Delta
water quality objectives and demands, and the need to meet the water temperature requirements
identified in this Opinion for steelhead throughout the summer, will likely limit the availability
of coldwater for fall-run. In those years, the ability to provide 60°F or less in the lower
American River will be largely dependent on ambient cooling of Folsom Reservoir.
Chinook salmon egg mortality modeling results presented in Appendix M of the CVP/SWP
operations BA show that egg mortality is expected to range from about ten percent in above
normal water year types to about 22 percent in critically dry years.
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Figure 6. Exceedence plot of modeled water temperatures in the lower American River near Watt Avenue
during September. This Figure was obtained from the CVP/SWP operations BA.
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Figure 7. Exceedence plot of modeled water temperatures in the lower American River near Watt Avenue
during October. This figure was obtained from the CVP/SWP operations BA.
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Figure 8. Exceedence plot of modeled water temperatures in the lower American River near Watt Avenue
during November. This figure was obtained from the CVP/SWP operations BA.

Effects of flow fluctuations on lower American River salmonids have been examined in CDFG
(2001), Reclamation (2002), and Water Forum (2005). The following discussion was derived
from these studies. Reservoir operations that cause river flows to exceed and then decrease
below certain water surface elevations have been identified as a source of mortality to lower
American River salmonids because of redd dewatering, fry stranding, and juvenile isolation.
Redd dewatering is reported to occur when flows are decreased from commonly observed
spawning flow levels (e.g., 1,000 to 4,000 cfs; CDFG 2001). Redd dewatering can affect
salmonid embryos and alevins by impairing development and causing direct mortality due to
desiccation, insufficient oxygen levels, waste metabolite toxicity, and thermal stress (Becker et
al., 1982, Reiser and White 1983). Isolation of redds in side channels can result in direct
mortalities due to these factors, as well as starvation and predation of emergent fry. In 2006,
about four Chinook salmon redds were dewatered and about 40 more total redds of unknown
species were dewatered at Nimbus Basin and Sailor Bar (Figure 9, Hannon and Deason 2008).
Rapid flow decreases from flow levels that inundated low and medium sloping gravel bars when
salmonid fry are present in the lower American River (i.e., late-December through May)
reportedly can result in fry stranding (CDFG 2001). In 2003, several observations of Chinook
salmon stranding were made, including one made by the California Department of Fish and
Game (CDFG) where up to 10,000 Chinook salmon fry were stranded on an island near the
lower Sunrise area (Water Forum 2005).
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Figure 9. Dewatered redds at Nimbus Basin and Sailor Bar, February 2006 (figure was modified from
Hannon and Deason 2008).

Also, as flows in the lower American River approach and exceed 4,000 cfs, many areas in the
lower American River channel reportedly become inundated and subsequently are newly
available to rearing fish (CDFG 2001). Thus, reductions in flow, after flows reach or exceed
4,000 cfs, have the potential to isolate juvenile salmonids (CDFG 2001). On April 28, 2004,
CDFG reported that seining surveys within the isolation areas along the lower Sunrise side
channel indicated that more than 2,000 juvenile Chinook salmon/seine haul had been isolated
from the main channel (Water Forum 2005). CDFG seining surveys also collected more than
300 juvenile Chinook salmon/seine haul from an isolated area near Sunrise Boulevard (not the
lower Sunrise side channel) and from an area near Watt Avenue (Water Forum 2005)
Based on the available evidence, the proposed Project is expected to adversely impact American
River fall-run EFH through water temperature- and flow fluctuation-related effects. Both
increasing water demands through 2030 and local warming expected with climate change would
exacerbate water temperature-related impacts to EFH.
D. Stanislaus River
The Stanislaus River is the northernmost tributary in the San Joaquin River basin used by
Chinook salmon. The river supports fall-run and small populations of late fall-run. These
populations are at a low and declining state (Figure 10).
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Figure 10. Estimated yearly natural production, and in river escapements of Stanislaus River adult fall-run
Chinook salmon. 1952-1966 and 1992-2007 numbers are from CDFG (2008). Baseline numbers (1967-1991)
are from Mills and Fisher (1994). Data were not available for 1982. Graphic from
http://www.fws.gov/stockton/afrp/.

Salmonid spawning habitat availability and quality has been reduced on the order of 40 percent
since 1994 (Kondolf et al., 2001). Mesick (2001) hypothesized that this reduction is likely
underestimated, based on the sampling methodology of that assessment. His results indicated
that higher concentrations of fine sediments and low intragravel dissolved oxygen in riffles
downstream of Orange Blossom Bridge would be expected to reduce fall-run egg survival by 23
percent, as compared to the natural riffles at the Orange Blossom Bridge and upstream.
Operational criteria have resulted in channel incision of one to three feet since the construction
and operation of New Melones Reservoir (Kondolf et al., 2001). This downcutting, combined
with operational criteria, have effectively cut off overbank flows. These flows would have
inundated floodplain rearing habitat as well as provided areas for fine sediment deposition, rather
than within spawning gravels as occurs now. Additionally, the flow reductions in late spring and
early summer are too rapid to allow recruitment of large riparian trees, such as Fremont
cottonwoods. Consequently, within 10 to 20 years, as existing trees senesce and fall, there will
be no younger riparian trees to replace them, resulting in less riparian shading, higher in-stream
temperatures, less food production from allochthonous sources, and less large woody debris
(LWD) for nutrients and channel complexity.
Past operations of the East Side Division have eliminated channel forming flows and geomorphic
processes that maintain and enhance salmon spawning beds and juvenile rearing areas associated
with floodplains and channel complexity. The reduction in peak, channel-forming flows over
time is summarized in Table 1 (from Kondolf et al., 2001). Since the operation of New Melones
Dam, channel-forming flows above 8,000 cfs have been reduced to zero, and mobilizing flows in
the 5,000-8,000 cfs range have only occurred twice in the past ten years. Channel-forming flows
are important to rejuvenate spawning beds and floodplain rearing habitat and to recruit
allochthonous nutrients and large wood into the river.
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Status quo operations will result in further degradation of spawning habitat and rearing habitat
Reduction and degradation of spawning gravels directly reduces the productivity of the species
by reducing the amount of usable habitat area and causing direct egg mortality. Lower
productivity leads to a reduction in abundance. Restoration actions have improved spawning
riffles, but these need to be implemented at a higher level to balance losses of gravel mobilized
by normal flows. Implementation of salmon habitat projects that restore floodplain connectivity
and strategic implementation of channel-forming flows are important actions needed to restore
and maintain adequate rearing conditions for fall-run.
Table 1. Summary of flow conditions on the Stanislaus River during historical periods from 1904-1998. New
Melones Dam construction was completed in 1979. Goodwin Dam was completed in 1912 and the first dam in
the basin dates at 1853 (Kondolf et al. 2001 table 5.2).

Construction of the dams on the Stanislaus River has prevented anadromous salmonids from
accessing their historical habitat. The populations persists in a reach of the river that historically
was unsuitable because of high temperatures (Lindley et al., 2006), and current utilization of
these reaches is successful only if dam operations are managed to maintain suitable temperatures
for all life history stages of salmon. There are no temperature control devices on any of the East
Side Division facilities, so the only mechanism for temperature management is direct flow
management. This has been achieved in the past through a combination of augmenting baseline
water operations, for meeting senior water right deliveries and D-1641 water quality standards,
with additional flows from: (1) the CDFG fish agreement; and (2) from (b)(2) or (b)(3) water
acquisitions. The analysis of temperature effects presented in the CVP/SWP operations BA
(Appendix I) assumes that these augmentations will be available. If water for fish needs is
indeed allocated as their model suggests, future operations likely would meet fall-run
temperature needs, except in dry or critical years, depending on the future climate change and
assuming that (b)(2) and (b)(3) water allocations can be made.
The Project Description does not specify how (b)(2) or (b)(3) water are committed for fishery
uses of any particular amount, timing, or duration. The CVP/SWP operations BA analysis does
not evaluate their assumptions without the addition of CVPIA assets for fish, so the change in
temperature of these reduced flows for fish cannot be quantified with available data.
Aceituno (1993) applied the in-stream flow incremental methodology to the Stanislaus River
between Riverbank and Goodwin Dam (24 river miles) and determined that 155 taf was needed
to maximize weighted usable habitat area for fall-run, not including outmigration flows or fall
attraction flows. This study also identified that in-stream flow needs for each life history stage
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are somewhat different between fall-run and steelhead (Table 2). Steelhead flow needs are
somewhat lower than fall-run needs for some life stages, but potentially higher for adult
migration. The total amount of water needed for maximum in-stream habitat support is equal to
or greater than 155 taf, and also greater than 98.3 taf fishery agreement allotment to CDFG.
The proposed allocation-year strategy for the East Side Division fundamental operating
principles only commits to providing sufficient water for fisheries in 41 percent of the years,
based on operations since 1982 (Table 3). The CDFG Fish Agreement allotment alone is less
than what fall-run need, but the CDFG allocation schedule is predominantly directed by Chinook
salmon needs. Consequently, fall-run are likely to have unmet flow needs less often than
steelhead. If (b)(2) or (b)(3) water is available, this effect could be reduced in some MidAllocation years. Because the guidance for allocation of (b)(2) and (b)(3) water specifically for
the Stanislaus River is not specific, the magnitude of this reduction cannot be determined.
Table 2. Comparison by life stage of instream flows which would provide maximum weighted usable area of
habitat for steelhead and Chinook salmon in the Stanislaus River, between Goodwin Dam and Riverbank,
California (adapted from Aceituno 1993). No value for Chinook salmon adult migration flows was reported.

Life Stage
Spawning
Egg incubation/
fry rearing
Juvenile rearing
Adult migration

Steelhead Flow

Steelhead
Timing
Dec-Feb
Jan – Mar

Fall-Run
Chinook
Salmon Flow
300
150

Fall-Run
Chinook
Salmon Timing
Oct 15-Dec 31
Jan. 1-Feb 15

200
50
150
500

all year
Oct-April

200
-

Feb 15-Oct 15

Table 3. Occurrence of High Allocation, Mid-Allocation and Conference Year types for New Melones
Transitional Operation Plan, based on New Melones Operations since 1982 (data available at
http://cdec.water.ca.gov).

Allocation Year Type
High Allocation Years New Melones
Index is greater than 1.7 MAF
Mid-Allocation
“Conference Year” conditions – New
Melones Index is less than 1.0 MAF

Fishery
Allocation

% occurrence 1982-2008

457 TAF

41%

98.3 TAF

33%

unspecified

26%

The IFIM analysis did not include an assessment of the volume of water needed for a spring
pulse flow to convey fall-run from the Stanislaus River into the Delta. The San Joaquin River
Agreement (SJRA) and associated Vernalis Adaptive Management Program (VAMP) were
agreed upon by the State Water Resources Control Board and the signatory parties as a
mechanism to address this fishery need in the context of refining the understanding of what
specific flow standards are needed to meet the requirements of the 1995 Water Quality Control
Plan. The SJRA will conclude in 2011, and the funding for VAMP studies and flows is
scheduled to end in 2009. The Project Description indicates that Reclamation and the California
Department of Water Resources (DWR) intend to “continue VAMP-like flows”, but the
description of these flows lacks critical fish benefits now provided by the SJRA and VAMP.
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Under the SJRA, operators on the Tuolumne and Merced rivers release spring pulse flows in a
manner coordinated with Stanislaus River pulse flows to convey salmonids from these tributaries
into the San Joaquin River and to the Delta. When the SJRA concludes, there will be no
commitment by operators on the Merced and Tuolumne rivers to continue with spring pulse
flows. This will affect fall-run in the Stanislaus by requiring modification of New Melones
operations to meet Vernalis water quality standards.
Without the SJRA in effect, Reclamation is solely responsible to meet water quality standards
(flow and salinity) at Vernalis. Without the contribution from rivers upstream of the Stanislaus,
Reclamation likely will be required to release more water from New Melones in order to meet
that standard. This can result in unsuitable flows and temperatures for fall-run, dewatering of
redds, and reduction of storage volumes at the end of September. This last factor will result in
more years falling into the Conference Year or Mid-Allocation Year categories, which provide
less suitable conditions for fall-run as described above on a more frequent basis.
Flows are projected to be adequate for fall-run spawning in High Allocation years, which have
occurred 41 percent of the time, but temperatures will be warm in the lower part of the river
during the early part of the adult immigration period. In Mid-Allocation years, supplementary
water from b(2) or b(3) will be required if adequate flows are to be maintained for fall-run.
Under dry conditions, notably Conference Years, flows are likely to be less than desirable for
optimal outmigration prior to the VAMP period and for adult immigration in the fall. Since the
future implementation of “VAMP-like flows” is uncertain, fall-run outmigration is expected to
be impeded by lack of increased flows.
Based on the available evidence, the proposed action is expected to adversely impact Stanislaus
River fall-run EFH through continuing degradation of spawning and rearing habitat, water
temperature-related, and low flow-related effects. Both increasing water demands through 2030
and local warming expected with climate change would exacerbate water temperature-related
impacts to EFH.
E. Delta Ecosystem
Juvenile fall- and late fall-run normally migrate down from the Sacramento and San Joaquin
River basins through the rich feeding grounds of the Delta to the San Francisco Estuary, then
into the Pacific Ocean. The suitability of the Delta migration corridor as part of juvenile salmon
rearing EFH is reduced by various aspects of the proposed action. Adverse impacts to EFH
related to the ongoing project action may complicate normal habitat functions. Such impacts
include, but are not limited to, prolongation of migration routes (i.e., entrainment into complex
channel configurations under the influence of pumping hydraulics makes it difficult for salmon
to find their way to the ocean), increasing exposure to elevated water temperatures in late spring,
increasing susceptibility to predators, and adding direct mortality from salvage and entrainment
operations.
Once juvenile salmon are in the vicinity of the SWP and CVP export water diversion facilities,
they are more likely to be drawn into these facilities during water diversion operations. Water
diversions are expected to increase under the near future and future operations of the CVP and
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SWP. With exports increasing in the future with the implementation of the proposed action, and
assuming that diversion into waterways leading to the export facilities and the entrainment of
fish at those facilities is directly proportional to the amount of water exported, the proposed
project increases the current vulnerability of emigrating salmonids to loss at the salvage facilities
and reduces the already diminished quality of the habitat within the zone of entrainment to fish
utilizing it. Currently, exports are reduced during the VAMP period (31 days in April and May),
providing some relief to the entrainment of emigrating salmonids. Future actions under the
proposed project reduce the extent of pumping reductions surrounding the VAMP period due to
reduced amounts of environmental water available to compensate for the loss in exports. This
exacerbates the loss of fish during the April to May period when spring-run and fall-run Chinook
salmon are emigrating through the Delta. While screening facilities allow for many fish longer
than 38 mm to be salvaged, considerable mortality is believed to occur when fish are less than 38
mm. In addition, smaller fish are not screened effectively (Kimmerer 2002, Brown et al., 1996).
Evaluations of the salvage operations show them to be inefficient. Overall survival of fish going
through the CVP facilities is estimated to be approximately 35 percent, while the SWP facilities
have a survival rate of only 16.5 percent. The primary cause of low survival in the CVP is the
reduced overall efficiency of the louvers, while at the SWP, losses in Clifton Court Forebay are
the predominant reason for low survival. Loss of fish following the salvage operations can also
be significant, ranging from 10 to 30 percent following release back into the Delta environment,
Though there are efforts in place to minimize entrainment, the Tracy Fish Collecting Facility
(TFCF) primary louver (screen) panels cannot be cleaned without leaving gaping openings in the
screen face. Further, cleaning the secondary channel and louver panels takes the entire facility
offline. Also, during secondary louver screen cleaning operations, and secondary channel
dewatering, the entire secondary system is shut down. As a result, all fish salvage is
compromised for the duration of the outage. This loss in fish protection allows unscreened water
to pass through the facility a minimum of 4 hours per day and up to 12 hours per day, depending
on the debris loading of the louvers. These periods of non-operation result in an underestimation
of the loss of Chinook salmon to the pumps. Also, significant delays in routine maintenance and
replacement of critical control systems at the TFCF have occurred in the past and are likely to
continue into the future, based on current practices. Finally, the TFCF was designed for a
maximum export rate of 4600 cfs, the rated capacity of the Tracy Pumping Plant (TPP). The
modeling completed to date indicates that the CVP intends to utilize the TPP to maximize the
pumping capacity of the facilities to the greatest extent possible, thus operating the TFCF at its
maximum design capacity, even with its current operational deficiencies.
With regards to the John E. Skinner Fish Facility, there is currently no standard method for
reporting problems associated with the operation and maintenance of the facility. Delays in
routine maintenance and replacement of critical control systems at the facility are not being
reported to NMFS, as they are experienced. Furthermore, reports of electrical power outages,
which shut down the fish collection facility, are not reported in a timely fashion to NMFS.
A fish barrier at the head of Old River is constructed in April and operated for 31 days to limit
the movement of both water and outmigrant Chinook salmon into Old River. The anticipated
effect is to increase survival of fall-run smolts down the San Joaquin River past the Port of
Stockton and westwards through the Delta. However, if export levels are not reduced in concert
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with increasing San Joaquin River flows under the VAMP experimental protocol, fall-run smolts
from the San Joaquin River basin are diverted southwards towards the export facilities in the
South Delta via one of the interconnecting waterways. Recent telemetry studies conducted
during the VAMP experiments confirm the diversion of Chinook salmon outmigrants to the CVP
and SWP facilities in the south Delta (Vogel 2004, San Joaquin River Group Authority 2007,
2008).
The fish barrier at the Head of Old River is constructed again in the fall to improve water quality
conditions for adult Chinook salmon returning to the San Joaquin River basin. A previous study
found that the placement of the barrier in the fall improves the dissolved oxygen content in the
Stockton Deep Water Ship Channel, downstream from the head of Old River on the San Joaquin
River (Hallock et al., 1970). Having poor water quality/low dissolved oxygen in the ship
channel has become a fish passage problem for returning adult salmon entering the San Joaquin
River basin.
In addition to the Head of Old River barrier, three agricultural barriers are constructed in each of
the three main channels of the South Delta. One is constructed in the Old River near the CVP’s
TFCF location, the second is constructed in Grant Line Canal near the Tracy Boulevard Bridge,
and the third is constructed in Middle River near its confluence with Victoria Canal. These three
barriers present passage impediments to migrating Chinook salmon due to channel blockage,
predation, and alterations to the channel flow patterns in the affected area.
F. Fish Passage
As noted above, opportunities to avoid or minimize adverse affects to EFH in specific project
area may be constrained, and the potential for substantive habitat gains in these areas is minimal.
Yoshiyama et al., (2001) noted that the primary cause in the reduction of in-stream habitat for
Chinook salmon has been the construction of dams and other barriers. Many of the direct
adverse impacts to fall- and late fall-run EFH or the indirect impacts caused by these dams to the
EFH of other Chinook salmon runs could be alleviated if fish passage were provided. In Central
Valley watersheds, dams block 95 percent of historic salmonid spawning habitat. Additionally,
non-Federal Federal Energy Regulatory Commission licensed dams account for approximately
40 percent of all surface water storage in the Central Valley. As a result, Chinook salmon are
extirpated from approximately 80 percent of their historic habitat in the Central Valley. In most
cases, the habitat remaining is restricted to the valley floor where it was historically limited to
seasonal migration use only. Remnant populations below these dams are now subject to
intensive river regulation and to further direct and indirect impacts of hydroelectric operations.

IV.

CONCLUSION

Based on the best available information, NMFS believes that the proposed action would
adversely affect EFH for Pacific salmon.
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V.

EFH CONSERVATION RECOMMENDATIONS

Appendix A of Amendment 14 to the Pacific Coast Salmon Plan (PFMC 1999) provides a
general list of conservation measures. NMFS recommends that the following be implemented in
the action area. Although these are general recommendations without specific actions, they are
designed to indicate to Reclamation where opportunities exist within their authorities to
compensate for the effects of the proposed project within other actions undertaken by
Reclamation.
Riparian Habitat Management: In order to prevent adverse effects to riparian corridors,
Reclamation and DWR should:
•
•
•

Maintain riparian management zones of appropriate width along Old River, Middle
River, Grant Line/Fabian –Bell Canal, the lower San Joaquin River, and wherever the
agencies have jurisdiction;
Reduce erosion and runoff into waterways within the project area; and
Minimize the use of chemical treatments within the riparian management zone to manage
nuisance vegetation along the levee banks.

Bank Stabilization: The installation of riprap or other streambank stabilization devices can
reduce or eliminate the development of side channels, functioning riparian and floodplain areas
and off-channel sloughs. In order to minimize these impacts, Reclamation and DWR should:
•
•
•

Use vegetative methods of bank erosion control whenever feasible. Hard bank protection
should be a last resort when all other options have been explored and deemed
unacceptable;
Determine the cumulative effects of existing and proposed bio-engineered or bank
hardening projects on salmon EFH, including prey species, before planning new bank
stabilization projects; and
Develop plans that minimize alterations or disturbance of the bank and existing riparian
vegetation.

Conservation Measures for Construction/Urbanization: Activities associated with
urbanization (e.g., building construction, utility installation, road and bridge building, and storm
water discharge) can significantly alter the land surface, soil, vegetation, and hydrology, and
subsequently adversely impact salmon EFH through habitat loss or modification. In order to
minimize these impacts, the Reclamation and DWR should:
•
•

Plan development sites to minimize clearing and grading;
Use Best Management Practices in building as well as road construction and maintenance
operations such as avoiding ground disturbing activities during the wet season,
minimizing the time disturbed lands are left exposed, using erosion prevention and
sediment control methods, minimizing vegetation disturbance, maintaining buffers of
vegetation around wetlands, streams, and drainage ways, and avoiding building activities
in areas of steep slopes with highly erodible soils. Use methods such as sediment ponds,
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•

sediment traps, or other facilities designed to slow water runoff and trap sediment and
nutrients; and
Where feasible, reduce impervious surfaces.

Wastewater/Pollutant Discharges: Water quality essential to salmon and their habitat can be
altered when pollutants are introduced through surface runoff, through direct discharges of
pollutants into the water, when deposited pollutants are re-suspended (e.g., from dredging), and
when flow is altered. Indirect sources of water pollution in salmon habitat includes runoff from
streets, yards, and construction sites. In order to minimize these impacts, Reclamation and DWR
should:
•
•
•

Monitor water quality discharge following National Pollution Discharge Elimination
System requirements from all discharge points;
Work with State and Federal agencies to establish total maximum daily loads and
develop appropriate management plans to attain management goals for those waters that
are listed under Clean Water Act section 303 (d) criteria (e.g., the Delta); and
Establish and update, as necessary, pollution prevention plans, spill control practices, and
spill control equipment for the handling and transport of toxic substances in salmon EFH
(e.g., oil and fuel, organic solvents, raw cement residue, sanitary wastes, etc.). Consider
bonds or other damage compensation mechanisms to cover cleanup, restoration, and
mitigation costs.

Irrigation Water Withdrawal, Storage, and Management: Water withdrawn for irrigation
can have adverse impacts on Chinook salmon EFH. Diversions may cause impediments to
migration, physical entrainment or injury due to impingement altered flow profiles, changes in
water temperature regimes, and fluctuations in water levels. Alterations in the chemical and
physical attributes of the aquatic environment may in turn affect the biological components of
the aquatic habitat. Return agricultural water discharging to salmonid-bearing waterways can
substantially alter and degrade habitat. General problems associated with agricultural return
flows to surface waters include increased water temperatures, salinity, pathogens, decreased
dissolved oxygen, increased contaminant loads from pesticides and fertilizers, and an increase in
sediment loads. In order to minimize these impacts, Reclamation and DWR should:
•
•
•
•
•
•
•

Apply conservation and enhancement measures for dams to water management activities
and facilities where applicable;
Establish adequate in-stream flow conditions for salmonids using, for example, Instream
Flow Incremental Methodology (IFIM);
Identify and use appropriate water conservation measures in accordance with state law;
Install flow meters at major diversion points to account for water delivered to users, in
accordance with state law;
Screen water diversions on all fish bearing streams and waterways;
Incorporate juvenile and adult salmonid passage on all water diversions where migration
blockage occurs; and
Undertake efforts to purchase or lease, from willing sellers and lessors, water rights
necessary to maintain in-stream flows in accordance with appropriate State and Federal
laws.
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Dam Construction and Operation: Dams built to generate power, store water, or provide flood
control have significantly contributed to declines in salmonid populations in the Central Valley.
Adverse effects include impaired fish passage (including complete blockage of natal streams);
downstream alterations to water temperatures, water quality parameters, water quantity, flow
patterns and hydrological profiles; interruption of nutrient flow downstream; loss of LWD input
to downstream segments of the watershed from upstream reaches; disruption of the sediment
transport mechanism which affects riparian, river, wetland, and estuarine systems downstream of
the dam; increased competition from non-native species more adaptable to the altered conditions
below the dams; and increased predation rates due to disorientation or injury from passing over
or through the dam structure. In order to minimize these impacts, Reclamation and DWR
should:
•

•
•
•

Operate facilities to create flow conditions adequate to provide for passage, water quality,
proper timing of life history attributes, avoid juvenile stranding and redd dewatering, and
maintain and restore properly functioning channel, floodplain, riparian, and estuarine
conditions;
Provide for adequate designing and screening of all dams, hydroelectric installations, and
bypasses to meet specific passage criteria developed for dam operations on the West
Coast;
Develop water and energy conservation guidelines and integrate them in to the daily dam
operations and into regional and watershed-based water resource plans; and
Provide mitigation for non-avoidable adverse effects to salmonid EFH, including
monitoring and evaluation of any mitigation or conservation plans undertaken under this
section.

NMFS also recommends that the habitat-based actions within the reasonable and prudent
alternative from the Opinion be adopted as EFH Conservation Recommendations. Finally,
NMFS recommends that the following Conservation Recommendations be implemented.
A. Clear Creek
1) Reclamation should increase the frequency of flood control spills from Whiskeytown
Reservoir consistent with the RPA to improve channel maintenance and habitat
variability.
2) Reclamation should continue funding the CVPIA Clear Creek Restoration Program, the
Gravel Augmentation Program, the (b)(2) water for anadromous fish, and the adult
separation weir every year.
3) Reclamation should replace the Whiskeytown Reservoir Temperature Curtain by March
2010 to retain the original design efficiency and improve cold water releases to the
Sacramento River.
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4) Reclamation should implement short duration spring-time pulse flows (500 to 600 cfs)
every year in order to attract spring-run Chinook adults before flows are reduced in the
summer months.
5) Reclamation should provide short duration (one to three days) fall spawning attraction
flows of 500 cfs, as recommended by Denton (1986 op. cit. CVP/SWP operations BA), in
October and November.
6) Reclamation should manage flows for listed and non-listed salmonids only after all of the
four IFIM studies planned for Clear Creek have been completed. A new flow
prescription should not be implemented until these study results can be reviewed and
discussed by the Clear Creek Technical Team and agreement reached between the fish
agencies. The final flow regime should to balance the biological needs of all life stages
(e.g., juveniles rearing vs. adult spawning) of the different runs (e.g., spring-run, fall-run,
late fall-run, and steelhead).
B. Upper Sacramento River
1) Reclamation should, working through the appropriate CALFED program, investigate
alternatives to the rice decomposition program (i.e., baling rice straw, mulching, etc.,),
and recommend ways of stabilizing, or increasing flows after September 30, to reduce
redd dewatering.
2) Reclamation should provide the necessary modeling and real time temperature data to the
Sacramento River Temperature Control Task Group starting in February with the first
water year allocation announcement and operations forecast. In this way, decisions on
water temperature management throughout the summer in the upper Sacramento River
relative to fish habitat conditions and coldwater pool storage in Shasta Reservoir can also
consider the habitat needs of fall and late fall-run.
3) Reclamation should increase Spring Creek diversions in April, May, and June to 1500 cfs
to provide colder water for Clear Creek and the main stem Sacramento River (benefits
winter-run and fall-run).
4) Reclamation should ramp down Sacramento River flows from August to December, as
quickly as possible, following the RPA and CVPIA Anadromous Fish Restoration
Program guidelines for stabilizing flows during the fall-run/late fall-run spawning period
to reduce risk of dewatering redds. Minimum flows for fall-run spawning have typically
been 4,000 cfs from October through December, based on IFIM studies of habitat
suitability curves. Exceptions are allowed in critical and dry years when the RPA
specifies ramping down to 3,250 cfs to preserve limited cold water resources in Shasta
Reservoir. Temperature targets should be moved downstream in September and October
to protect fall- and late fall-run spawning and incubation. Therefore, a 56ºF criterion
should be maintained through October down to Bend Bridge in all years to protect at least
30 percent of the main stem spawning population. Fall-run will spawn as far downstream
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as to RBDD, but usually not until November when ambient air temperatures cool the
river.
B. American River
1) Implement the Flow Management Standard for the American River by following the flow
schedule in Appendix D. The flow management standards are minimum flows and
should not preclude Reclamation from making higher releases at Nimbus Dam.
The Flow Management Standard includes fall-run protections. Implementing this
schedule should also protect fall-run. In the event that specific actions are needed to
maintain flows for fall-run, NMFS recommends that Reclamation use (b)(2) water to
achieve these flows.
2) Reclamation should operate to achieve a daily average water temperature of 60°F or less
as early as possible in October for fall-run holding and spawning. Reclamation shall
strive to maintain a daily average water temperature of 60ºF or less until November 1,
and target 56°F or less as early in November as possible, for fall-run spawning and egg
incubation. These Water Temperature Objectives for fall-run should be met at Hazel
Avenue in the Lower American River.
The priority for use of the lowest water temperature control shutters at Folsom Dam shall
be to achieve the Water Temperature Objectives for steelhead, and thereafter may also be
used to meet the fall-run spawning water temperature objective.
3) Fully evaluate below physical/structural actions to improve temperature management and
make recommendations for implementation by June 2010. Implement selected projects
by 2012.
The following temperature management actions have the potential to improve conditions
for aquatic species in the Lower American River. However, the precise benefits and
costs of these actions need to be analyzed. Alternatives for each of the actions listed
below should be fully developed and analyzed, and the most effective alternatives to each
action should be implemented.
a) Improve the Folsom Dam temperature control device. The objective of this action
is to improve access to and management of Folsom Reservoir’s cold water pool.
Alternatives for this action include operational and physical improvements including
enhancement of the existing shutters, replacement of the shutter system, and
construction of a device to access cold water below the penstocks.
b) Improve cold water transport through Lake Natoma. The objective of this action
is to transfer cold water from Folsom Dam to Nimbus Dam with a minimum increase
in temperature. Alternatives for this action include physical or operational changes to
Lake Natoma or Nimbus Dam including dredging, construction of temperature
curtains or pipelines, and changes in Lake Natoma water surface elevation.
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c) El Dorado Irrigation District (EID) Temperature Control Device. The objective
of this action is to conserve cold water in Folsom Lake. Alternative intake structures
have been analyzed by EID. The most effective device should be constructed.
4.) The following ramping rates should be followed:
a) January 1 through May 30, at flow levels <5, 000 cfs, flow reductions should not
exceed more than 500 cfs/day and not more than 100 cfs/hour; and
b) each year from January 1 through May 30, Reclamation should coordinate with
NMFS, CDFG, and USFWS to implement and fund monitoring in order to estimate
the incidental take of salmonids associated with reductions in Nimbus Dam releases.
c) Minimize flow increases to 4000 cfs or more year round.
C. Stanislaus River
1) Reclamation should implement an in-stream flow schedule, as measured at Goodwin
Dam, that provides optimum flows for fall-run as defined by Aceituno (1993), or as
defined by future analyses of salmon in-stream flow needs. Additionally, this schedule
should include sufficient spring flows in April and May to convey salmon smolts through
the lower river and to the Delta.
2) Reclamation should conduct fall attraction flows of a minimum of 1,250 cfs for two
weeks in October. This recommendation will assist adult fall-run immigration to the
Stanislaus River. The purpose is to provide flow cues downstream for incoming adults,
as well as providing some remedial effect on the low dissolved oxygen conditions that
develop in the Stockton Deep Water Ship Channel.
3) Reclamation should implement late spring and early summer flow ramping rates to allow
establishment of riparian trees at a minimum frequency of every five years.
4) Reclamation should implement spawning gravel replenishment projects on the Stanislaus
River, in addition to the current 3,000 cy/year base level augmentation rate applied under
CVPIA (b)(13) authorities.
5) Reclamation should implement projects to improve salmonid rearing habitat and
floodplain connectivity, including creation of side-channel habitat, isolation of predatorrich in-river mining pits, and periodic increased flows to inundate floodplain habitat.
D. Delta Ecosystem
1) Delta Cross Channel (DCC) Gates: To increase the survival of out-migrating fall- and
late fall-run, NMFS recommends that the DCC gates be closed as early as possible, under
an adaptive management program based on monitoring outmigrant movements starting
November 1. No later than on December 15 of each year, the DCC gates should be
closed to protect outmigrant Chinook salmon, unless NMFS approves a later date. The
DCC gates should remain closed for the protection of Pacific salmonids until June 15 of
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each year, unless NMFS approves an earlier date. Water quality considerations in the
Delta will be one cause for a request to vary from these dates, but NMFS will have final
authority on closure.
2) Tracy Fish Collection Facility (TFCF)
a) At the TFCF, Reclamation should submit to NMFS for approval, no later than 12
months from the date of issuance of this document, one or more solutions to the loss
of Chinook salmon associated with the cleaning of the primary louvers. In the event
that a solution is not in place within 24 months after the issuance of this document,
NMFS recommends that export pumping at the Tracy Pumping Plant cease during
Tracy Pumping Plant louver screen cleaning operations.
b) Also at the TFCF, Reclamation should submit to NMFS for approval, no later than 12
months from the date of issuance of this document, one or more solutions to the loss
of Chinook salmon with regard to the secondary louver screen cleaning and
secondary channel dewatering. In the event that a solution is not in place within 24
months after the date of issuance of this document, NMFS recommends that export
pumping at the Tracy Pumping Plant cease during outages of the secondary system,
such as occurs during the secondary louver screen cleaning operations, debris
removal, and predator management programs.
c) Beginning on the first day of the month following the issuance of this document, and
monthly thereafter, but no later than five working days after the first day of the
month, Reclamation should submit a TFCF Status Report to the NMFS Engineering
Team Leader. The report should be in a format acceptable to both parties, but should
describe the status of each component of the fish salvage system, and should provide
a schedule for the correction of each deficiency, with defined checkpoints for
completion. Failure to comply should result in the cessation of pumping at the Tracy
Pumping Plant until said report is issued.
d) NMFS staff (scientific and enforcement) should be permitted reasonable access to
the TFCF, and its records of: (i) operation; (ii) fish salvage; (iii) fish transportation
and release activities; and (iv) research activities conducted at the TFCF, during both
announced and unannounced inspection visits.
e) NMFS recommends that Reclamation undertake ways to reduce predation on juvenile
fall- and late fall-run by undertaking predator removal studies at the Tracy facility
and also at post-release sites for salvaged juveniles. Loss calculations should be
adjusted reflecting results of these predation studies.
3) Tracy Pumping Plant (TPP)
A plan to limit TPP exports to 4,600 cfs should be prepared and implemented. This
restriction should remain in place until a plan to expand the TFCF capacity is prepared,
approved by NMFS, and implemented.
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4) J.E. Skinner Delta Fish Facility
a) Beginning on the first day of the month following the issuance of this document, and
monthly thereafter, but no later than five working days after the first day of the
month, DWR should submit a J.E. Skinner Delta Fish Facility Status Report to the
NMFS Engineering Team Leader. The report should be in a format acceptable to
both parties, but should describe the status of each component of the fish salvage
system, and provide a schedule for correcting each deficiency, with defined
checkpoints for completion. Failure to comply should result in the cessation of
pumping at the Banks Pumping Plant until said report is issued.
b) NMFS staff (scientific and enforcement) should be permitted reasonable access to
the J.E. Skinner Delta Fish Protective Facility and its records of: (i) operation; (ii)
fish salvage; (iii) fish transportation and release activities; and (iv) research activities
conducted at the facility, during both announced and unannounced inspection visits.
c) NMFS recommends that DWR undertake ways to reduce predation on juvenile falland late fall-run by undertaking predation management studies at post-release sites
for salvaged juveniles. Within 12 months of the issuance of this document, a final
proposal should be sent to NMFS for review. Within 24 months of NMFS’
acceptance of the proposal, the “plan” should be implemented. Failure to meet this
timeline should result in the cessation of pumping at SWP facilities unless NMFS
agrees to an extended timeline.
d) NMFS recommends that alternatives to reduce “pre-screen” losses (predation) in
Clifton Court Forebay be developed within 12 months of the issuance of this
document. Within two years of developing such a plan, the “plan” will be
implemented to reduce the predation impact. Failure to meet this timeline should
result in the cessation of pumping at SWP facilities unless NMFS agrees to an
extended timeline.
5) CVP and SWP Fish Hauling Protocols
Fish hauling runs for salmonids should be scheduled at least every 12 hours, or more
frequently if required by the “Bates Table” calculations (made at each count and recorded
on the monthly report).
6) Rock Slough Intake and Other Fish Screening Projects, Including CVPIA-Anadromous
Fish Screening Program (AFSP)
a) Reclamation should ensure that the CVP and SWP aggressively move to fully engage
the CVPIA-AFSP, with appropriate funding, and implement the major projects
already designed.
b) Until the Rock Slough diversion is screened, pumping at this site should be avoided
whenever Chinook salmon are detected in the vicinity of the intake. The Contra
Costa Water District should use its two operating screened diversions (Los VaquerosOld River and Mallard Slough), the Alternative Intake Diversion on Victoria Canal
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once completed, and the available storage in the Los Vaqueros Reservoir, to offset
this restriction.
c) The current fish-monitoring plan should continue until such time as the use of the
unscreened Rock Slough diversion is resolved, whether by screening or other means.
7) Habitat Restoration
a) Reclamation should aggressively pursue opportunities to acquire land and/or obtain
easements to create habitat restoration sites in the Delta region.
b) Habitat restoration projects should target the creation of riparian habitat, freshwater
and tidal marshes, and shallow water habitats beneficial to salmonid life histories.
Habitat restoration activities should target actions that increase the amount of useable
habitat for salmonids and reverse the simplification of the Delta habitat created by
channelization of Delta waterways and riprapping of levee banks.
c) Reclamation should seek out opportunities to partner with other Federal, State, or
non-governmental parties to further this recommendation.

VI.

STATUTORY REQUIREMENTS

Section 305(b)(4)(B) of the MSFCMA requires that the Federal agency provide NMFS with a
detailed written response within 30 days, and 10 days in advance of any action, to the EFH
conservation recommendations, including a description of measures adopted by the Federal
agency for avoiding, minimizing, or mitigating the impact of the project on EFH [50 CFR
600.920(j)]. In the case of a response that is inconsistent with our recommendations,
Reclamation must explain its reasons for not following the recommendations, including the
scientific justification for any disagreement with NMFS over the anticipated effects of the
proposed action and the measures needed to avoid, minimize, or mitigate such effects.

VI.
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Table 2. Juvenile winter-run emigration to Chipps Island in the month of March.
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Figure 3. Winter-run smolts exit the Delta at Chipps Island following upstream pulse flows.
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A secondary rearing and migratory route into the Delta becomes available to juvenile winter-run Chinook salmon
in the Yolo Bypass during flood stage events in the Sacramento River. Chinook salmon rear in the Yolo Bypass
floodplain each season it is inundated, and catch at the downstream end of the floodplain was greatest during
the receding limb of the floodplain hydrograph (Sommer et al. 2005, North American Journal of Fisheries
Management 25:1493-1504).

In years when Yolo Bypass floodplain is inundated,
smolts leave the Delta later. 75% of smolts exit the
Delta nine days later when the Yolo Bypass is
available as a rearing and migratory route. This
emigration trend may support the theory that
juvenile salmon take advantage of floodplain
habitats to rear and that emigration coincides with
drainage of the floodplain.
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Winter-run smolts stay in the Delta an average of 2.5 to nearly 3 months. Early
fry-sized (<70 mm) winter-run are detected in and north of the Delta starting in
October followed by smolt-sized winter-run (>70 mm) starting December through
April. These early fry migrants may be the first juveniles detected at Chipps Island
in December where they are captured as smolts. The size distribution patterns as
juveniles enter and exit the Delta suggest winter-run successfully rear and grow in
the Delta. The monthly fork length distributions at the monitor sites indicate
growth as the juveniles transit the Delta en route to the estuary. The large smoltsized juveniles passing Knights Landing in April are likely the bulk of the May
population caught at Chipps Island. Data from the monitoring sites clearly indicate
rearing occurs in the Delta.

Figure 2. Smolts pass Chipps Island later in
years when Yolo Bypass inundates (T-test, p =
0.03, n=4 for dry years; n=6 for flooded years).

5. The earlier winter-run enter the Delta, the
longer they stay.
Juvenile residence time in the Delta is a function of time of entry into the Delta,
which is triggered by upstream Sacramento River flows. Given the consistency in
timing of smolt exit from the Delta in March (Table 2, Figure 3), the earlier in the
season juveniles enter the Delta, the longer their residence time in the Delta
(Figure 4). In a Two-way ANOVA, residence time is significantly related to arrival
time (p < 0.001) and flooding of the Yolo Bypass (p = 0.10).

Figure 4. Residence time of winter-run juvenile population is
inversely correlated with time of Delta entry.
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Conclusions
1. Winter-run Chinook salmon rear in the Delta an average of 2.5 to 3 months starting in the
late fall through early spring. Half of the population exit the Delta at Chipps Island
between March 1 and 31.
2. Autumn upstream flows exceeding 15,000 cfs trigger a large portion of the emigrating
juvenile population into the Delta on average four days after the event.
3. Emigrating smolts start leaving the Delta in the late winter on average nine days after
pulse flows exceeding 20,000 cfs, measured at Freeport.
4. The early emigrating smolts leaving the Delta at Chipps Island have only the Sacramento
River system available as their migratory route.

50% population (R2 = 0.89; p < 0.001)
75% population (R2=0.93, p < 0.001)
100

5. Residence time in the Delta is a function of when juveniles enter the Delta and flooding of
the Yolo Bypass. Earlier arrival to the Delta yields longer residence time. Availability of
floodplain rearing habitats provide for longer residence time.
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These findings can help managers provide for rearing and migratory habitats in the Delta
while winter-run Chinook salmon are present.
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3. Floodplain inundation influences timing of Delta exit.

Table 1. Mean Fork Length (mm) for juvenile Winter-run Chinook salmon in the Delta, 1995-2008
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1. Size and relative abundance show winter-run
rear in the Delta.
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1. Knights Landing, rotary screw trap, 1996-2008, California Department
of Fish and Game.
2. Sherwood Harbor, midwater and kodiak trawl survey, 1995-2008, U.S.
Fish and Wildlife Service.
3. Chipps Island, midwater trawl survey,1995-2008, U.S. Fish and Wildlife
Service.
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Data on size, relative abundance, and residence time in the Delta were obtained for
winter-run-sized fish from the following monitoring stations:
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Sacramento River winter-run Chinook salmon (Oncorhynchus tshawytscha) are
endemic to California’s Central Valley. Only one population of winter-run remains
since their freshwater range has been limited from the upper Sacramento River below
Keswick Dam to the Sacramento-San Joaquin Delta (Delta). The population’s
endangered status provides them protection under the federal Endangered Species
Act, which affects natural resource uses in the Central Valley. Their sole route from
freshwater to the ocean involves rearing and migrating through the Delta. Managing
the Delta for this endangered species requires knowledge of when winter-run are in
the Delta and how long they rear in the Delta.
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The first emigration to Chipps Island occurs on average 9 days following Sacramento River flow events exceeding
20,000 cfs, measured at Freeport (Figure 3). These early emigrants represent passage through the only
available route along the lower Sacramento River and North Delta distributaries since the secondary route
through Yolo Bypass becomes available upon inundation later in the season. In a typical year, 50 percent of the
population leaves the Delta at Chipps Island during the month of March (Table 2). During this month, smolts
migrating through the North Delta experience Sacramento River flow ranging from median flows of 18,240 cfs to
50,050 cfs, measured at Freeport.
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Figure 1. Upstream flows of 15,000 cfs trigger winter-run juvenile emigration to Knights Landing, north of the Delta.
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The first autumn pulse flow exceeding 15,000 cfs triggers 50 percent of the population to enter the Delta on
average four days following the event. The early migration pattern is abrupt as shown by the steep slope of
cumulative catch per unit effort (Figure 1). The key management implication is that flows should be maintained
to create sufficient rearing and migratory habitats in the Delta upon the abrupt entry of juveniles into the Delta
triggered by pulse flow events.
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2. Upstream flows drive winter-run juvenile migration into the
Delta.

10/17/07

The Delta provides essential habitat for juvenile Sacramento River winter-run
Chinook salmon as they rear and physiologically transform for ocean life. We
identified patterns of juvenile migration entering and exiting the Delta by using
monitoring data from the lower Sacramento River at Knights Landing and in the
western Delta at Chipps Island. Average residence time in the Delta ranges from
2.5 to 3 months, and generally spans from November through April, with the majority
of the population leaving in March. The onset of emigration to the Delta at Knights
Landing is cued by upstream flows of 15,000 cfs at Wilkins Slough, and emigration
from the Sacramento River to Chipps Island follows pulse flows of 20,000 cfs at
Freeport. Smolts exit the Delta later in years when the Yolo Bypass floods.
Understanding how flows affect residence of winter-run Chinook Salmon in the Delta
is crucial to informing current water management decisions seeking to balance water
demands and species conservation.

10/10/07
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Residence of Winter-Run Chinook Salmon in the Sacramento-San Joaquin Delta:
The role of Sacramento River hydrology in driving juvenile abundance and migration
patterns in the Delta
Rosalie B. del Rosario and Yvette J. Redler, National Marine Fisheries Service,
650 Capitol Mall, Suite 8-300, Sacramento, CA 95814
Pat Brandes, U.S. Fish and Wildlife Service,
4001 North Wilson Way, Stockton, CA 95205

ABSTRACT
The Sacramento-San Joaquin Delta provides essential habitat for juvenile Sacramento
River winter-run Chinook salmon as they rear and physiologically transform for ocean life. We
identified patterns of juvenile abundance and migration entering and exiting the Delta by using
monitoring data of winter-run sized fish based on assumed growth and size on date of catch
criteria from the lower Sacramento River at Knights Landing and Sacramento and in the western
Delta at Chipps Island.
Sacramento River hydrology drives both smolt abundance and emigration patterns in the
Delta. The catch of winter run per unit effort is highly correlated with Sacramento River flows.
Annual cumulative winter run smolt abundance entering the Delta at Knights Landing (measured
as number of winter run per hour fished) and exiting at Chipps Island (measured as number of
winter run per m3) are each positively correlated with the cumulative volume of Sacramento
River (measured at Freeport) during the emigration season; and neither abundance estimate is
significantly correlated with annual spawner abundance (multiple regression, Knights Landing:
R2=0.76, F=12.6, p=0.003; Chipps Island: R2=0.93, F=53.7, p<0.0001). Emigration patterns in
the Delta are dependent on autumn and winter Sacramento River flow patterns. The first autumn
pulse flow exceeding 15,000 cfs at Wilkins Slough triggers emigration of half the cumulative
winter run catch at Knights Landing on average four days following the event, with the
remaining population continuing to emigrate into the Delta during subsequent pulse flow events.
The early emigrants leave the Delta at Chipps Island before spring on average 9 days following
Sacramento River winter flow events exceeding 20,000 cfs, measured at Freeport.
Sacramento River hydrology also creates diversity in migratory routes and rearing
habitats for winter run, when peak winter discharge allows for inundation of the Yolo Bypass
floodplain. Patterns of winter run emigration from the floodplain are responsive to the
floodplain’s hydrograph, such that timing and frequency of floodplain drainage contributes to the
temporal and size diversity of emigrants leaving at Chipps Island.
Sacramento River hydrology is related to average winter run residence time in the Delta,
which is primarily a function of time of entry into the Delta. In a typical year, at least half of the
cumulative catch at Chipps Island leaves the Delta during the month of March. Average
residence time in the Delta ranges from 2.5 to 3 months, and generally spans from November
through April.
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Figure 1. Higher volume of flows during the winter run migration period results in greater
abundance of winter run smolts entering the Delta at Knights Landing (diamonds, solid line) and
subsequently exiting at Chipps Island (squares, dashed line), 1999-2008.
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The hydrology of the Sacramento River drives winter-run smolt abundance and emigration
patterns in the Delta. The annual cumulative winter run smolt abundance is highly dependent on
the amount of flows in the Sacramento River, such that higher volume of water flowing in the
river during the winter run emigration period results in greater abundance of winter run smolts
both entering the Delta at Knights Landing (multiple regression, R2=0.76, F=12.6, p=0.003), and
subsequently exiting the Delta at Chipps Island (multiple regression, R2=0.93, F=53.7, p<0.0001;
Figure 1). This positive correlation between smolt abundance, expressed as annual cumulative
CPUE at either sampling location, is not significantly correlated with annual spawner abundance
(p>0.25).
Sacramento River flow data are from Interagency Ecological Program’s Dayflow Sacramento
station to represent flows at Freeport in the Sacramento River
(http://www.water.ca.gov/dayflow/). The observed total volume of flow through Freeport during
the winter run migratory period was calculated as the sum of mean daily flows from November 1
through April 30 of each year, and translated into million acre feet per emigration season.
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Sacramento River flow data are from Interagency Ecological Program’s Dayflow Sacramento
station to represent flows at Freeport in the Sacramento River
(http://www.water.ca.gov/dayflow/). We use the “Sacramento Valley unimpaired total outflow”
as calculated by California Department of Water Resources (2007 California Central Valley
Unimpaired Flow Data, Fourth Edition, Draft; Bay-Delta Office California Department of Water
Resources, May 2007, 50 pages) to represent unimpaired Sacramento River flows at Freeport.
As the sum of unimpaired flows from 11 sub-basins in the Sacramento basin, the Sacramento
Valley unimpaired total outflows effectively estimate Sacramento River inflow into the Delta
(i.e., Freeport) if flows were unaltered by influences of reservoirs, imports, exports and
diversions (DWR 2007).
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U.S. Fish and Wildlife Service, 1995b. Working paper on restoration needs: habitat restoration
actions to double natural production of anadromous fish in the Central Valley of California.
Volume 3. May 9, 1995. Prepared for the U.S. Fish and Wildlife Service under the direction of
the Anadromous Fish Restoration Program Core Group. Stockton,California
[paper is included following the summary page in the electronic version of NMFS Exhibit 9,
provided on CD]

NMFS summary of flow recommendations for white and green Sturgeon from the above
paper:
1. Provide a mean April-May Delta outflow index (Chipps Island) of at least 25,000cfs in abovenormal and wet year types. The minimum daily Delta outflow index will not be less then
20,000cfs in April and will not be less than 15,000cfs in May.
Objective: Increase sturgeon production by providing adequate Delta outflow in above-normal
and wet year types.
2. Provide mean monthly flows of at least 17,700cfs at Grimes(RM 125) and at least 31,100cfs at
Verona (RM 80) between February and May for wet and above-normal water years.
Objective: Provide flows to allow adult migration from the estuary or ocean to spawning
grounds, spawning and downstream larval transport.
San Joaquin River flows
3. Provide mean monthly flows of at least 7,000cfs at Newman and 14,000cfs at Vernalis from
February to May during above-normal and wet water years.
Objective: Provide minimum or greater flows to ensure suitable conditions for sturgeon to
migrate and spawn and for their progeny to survive.

Outflow requirements should be consistent with upstream flow requirements for sturgeon and
other anadromous species so they augment one another.
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