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Salmonid life-cycle
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Science, Service, Stewardship

CV salmonids and their status

• Sacramento River winter-run Chinook salmon ESU
• Endangered  (ESA and CESA)
• Species in the Spotlight 2015

• Central Valley spring-run Chinook salmon ESU
• Threatened (ESA and CESA) 

• Central Valley fall-run/late fall-run Chinook salmon ESU
• Species of Concern (ESA)

• California Central Valley steelhead DPS
• Threatened (ESA)



CV fall-run Chinook salmon
• Peak migration Sept-Oct
• Peak spawning during Oct-Nov but can continue into early 

January
• Enters freshwater in a sexually mature state
• Minimal freshwater residency 
• Spawn in lower elevation habitats
• Preferred broodstock for hatcheries
• Most abundant of the four CV runs
• Commercial and recreational fishery
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CV late fall-run Chinook salmon
• Migrate Oct-Feb, spawning peaks in late Dec-Jan
• Enter freshwater in a sexual mature state
• Minimal freshwater residency
• Spawn in lower elevation habitats
• Currently, most of the run are three-year olds
• Tend to be larger than other CV Chinook salmon
• Recognized as a distinct run circa 1966
• Included in the CV fall-run Chinook salmon ESU
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CV spring-run Chinook salmon
• Migrate late Jan to early Feb, reach spawning areas Mar-June
• Adults are typically 3-4 years old at time of freshwater entry
• Enter freshwater in a sexually immature state
• Adults hold in cold, deep pools to mature during summer 

months
• Spawning early Sept-Dec but can continue into early Jan
• Historically spawned in higher elevation habitats
• Extended freshwater residency
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SR winter-run Chinook salmon
• Migrate Dec – Mar.
• Adults are typically age-3 fish
• Enter freshwater in a sexually immature state
• Hold in deep pools to mature prior to spawning
• Spawning during late spring-summer. Peak spawning May-

June/July
• Summertime spawning is unique among Chinook salmon
• Historically spawned in spring-fed headwaters of the upper 

Sacramento River tributaries
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California CV steelhead

• Migrate from Dec – Mar. and spawn Feb – Apr.
• Adults are typically age-3/4 fish
• Enter freshwater in a sexually mature state – do not necessarily 

die after spawning
• Altered hydrology now favors fish that exhibit the resident life 

history
• Anadromous form is listed, resident form (raninbow trout) are 

not listed
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Chinook salmon – timing of migration and life stage development 
in the Sacramento Valley

9

Bureau of Reclamation



Some CV Chinook salmon take-aways

Sexually Immature = long freshwater residency
• SR winter-run 
• CV spring-run

Sexually Mature = short freshwater residency
• CV fall-run
• CV late fall-run

Adult Chinook salmon are present in the watershed all year 
long



Listed vs non-listed anadromous salmonids 
in the Central Valley – a key difference
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SR winter-run Chinook salmon High elevation runs – ESA listed
CV spring-run Chinook salmon
CCV steelhead

Low elevation runs – not listed
CV fall-run Chinook salmon
CV late fall-run Chinook salmon



Thank you and have a great workshop
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Introduction

 Adult and juvenile fish stranding within the Yolo and Sutter bypasses 
has been an ongoing issue since the completion of the Fremont Weir in 
1924. When floodwaters overtop the weirs, or during high tide cycles, 
anadromous fish species migrating up the Sacramento River are 
attracted to bypass flows at the Cache Slough Complex and may use 
the Yolo Bypass as a migration corridor

 CDFW installed a fish “fishway” in 1966 to facilitate fish passage back 
into the Sacramento River from the east section of Fremont Weir; and 
DWR completed the Adult Fish Passage Project in 2018.

 However, currently, no volitional passage opportunities exist through 
the west section of Fremont Weir, Moulton, Tisdale, or Sacramento 
Weirs
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History and Components of Fish Rescue 
Operations

 CDFW staff have conducted over 40 fish rescue efforts within 
the Yolo and Sutter bypasses since 1955

 Over 300 adult Winter-run Chinook salmon observed in the 
Colusa Basin Drain channel and connecting agricultural 
drainages in April 2013

➢ Weir overtopping events did not occur in 2013
➢ CDFW staff determined that the likely migration route was 

Cache Slough Complex-Tule Canal-Knights Landing Ridge Cut-
Knights Landing Outfall Gate-Colusa Basin Drain

➢ Trapping in Colusa Basin in 2013 and Knights Landing Ridge Cut 
in 2014

➢ Wallace Weir Fish Salvage Facility constructed by DWR in 2018; 
completed in 2019, but a full operational season has not yet been 
realized.



Methods
➢CDFW conduct site visits after overtopping events to 

determine logistics and safety considerations

➢Equipment: Seines, crowder racks, dip nets, trammel 
nets, electro-fishers, ice chests, buckets, 
aerators, tagging equipment

➢Fish are enumerated by species, measured, tagged if 
appropriate, and transported to release sites
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Summary of Rescue Operations
➢Since 1955, over 13,000 fish consisting of at least 22 species 

have been rescued from Yolo and Sutter and Sacramento 
weirs and bypasses 

➢Federal and State listed species rescued include 
approximately 1,500 adult Sacramento River winter-run 
Chinook salmon and Central Valley spring-run Chinook 
salmon, 500 Central Valley steelhead, and 80 adult sDPS 
green sturgeon

➢Post-rescue survival and subsequent spawning of sDPS 
green sturgeon as determined by analysis of telemetry data 
was excellent for fish rescued during 2011, 2017, and 2019 
overtopping events



Summary of Rescue Operations
➢Post-rescue survival and subsequent spawning of 

listed salmonids is more difficult to determine
➢Listed anadromous species may have already 

undergone a significant delay in their spawning 
migration

➢Stranding often results in injury or delayed mortality 
(escape attempts, thermal stress, low dissolved 
oxygen)

➢Logistics of monitoring stranding locations and 
conducting rescue efforts throughout the bypasses is 
difficult

➢Rescue operations are costly





Fish Passage Progress Updates

➢Completion of the Fremont Weir Adult Fish Passage 
Facility resulted in volitional passage of around 70 adult 
sturgeon and thousands of other anadromous fish during 
the 2019 wet season

➢Completion of the Wallace Weir Fish Salvage Facility on the 
Knights Landing Ridge Cut prevents salmonids from 
entering the Colusa Basin

➢Completion of the Fremont Weir “Big Notch,” Tisdale and 
Sacramento Weir and Fish Passage Projects will should 
further increase volitional fish passage through the Yolo 
and Sutter bypasses



Overview of “floodplain” inundation and 
effects on adult anadromous fish species?
➢Bypass inundation in conjunction with impassible barriers 

such as flood control weirs has likely resulted in the loss 
considerable numbers of listed salmonids and sDPS green 
sturgeon

➢Scour pools, ponds, and swales created by high bypass 
flows also entrain adult salmonids and sturgeon and 
logistics of rescue operations in these features are difficult 
with variable success.

➢Monitoring for fish stranding and adaptive 
management will still be required to minimize loss of 
listed species utilizing the bypasses as migration 
corridors 





Stay out, stay alive!
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SAFE, TIMELY & EFFICIENT FISH PASSAGE

History, Purpose and Objectives of NMFS Fish Passage Guidelines

Jean M. Castillo, MSCE, P.E.



Late 1800’s – Reduction in the number of Salmon returning  
1930’s - Trial and Error Approach
1940’s - Start of research programs USBOR & USFWS
1950’s - Establishment of Fisheries Engineering Research program 
1960’s - Milo Bell increased research for juvenile d/s passage
1970’s - Understanding of gas bubble disease development of 

Fisheries Handbook of Engineering Requirements and 
Biological Criteria (USACE)

1980’s - USACE funding research for work that lead to an
understanding on fish losses

1980’s - Juvenile salmonid screen criteria developed by NMFS & WDFW
1990’s - Bypass criteria were developed and added by NMFS

Fish Oversight Committee utilizing criteria in ID, WA, OR and MT. 
1997 - CA Fish Screen Guidelines
2000 - NMFS RA requested that NMFS Engineers develop a 

comprehensive set of acceptable fishway design standards to 
facilitate faster implementation of mitigative measures.

2008 - ANADROMOUS SALMONID PASSAGE FACILITY DESIGN NATIONAL 
MARINE FISHERIES SERVICE NORTHWEST REGION (NMFS 2008)

2011 - Updated NMFS 2008 (NMFS 2011)
2022 - Anticipated release of updated NMFS 2011

CHRONOLOGICAL HISTORY

HISTORY2 of 19



PURPOSE
NMFS Design Manual

• Original intent ‐ Batch Processing

• Starting point for design 

• Case by Case

PURPOSE

Current version can be found at:
http://www.nwr.noaa.gov/SalmonHydropower/FERC/uploa/FishPassage-Design.pdf
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Applying NMFS guidelines to specific projects

• A guideline is a range of values or a specific value that 
may change when site conditions are factored into the 
conceptual design.

• Guidelines should be followed unless site-specific 
information indicates that a different value would 
provide better fish passage conditions or solve site 
specific issues, and is agreed to during the 
consultation process by NMFS.
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OBJECTIVE
SAFE, TIMELY AND EFFICIENT PASSAGE

• Safe passage means that fish are passed with facility 
induced injury and mortality rates less than agreed to 
for a specific project (usually 2-5% for juvenile fish).

• Timely passage means that median delay is low, as 
defined for a specific project.

• Effective passage means that passage opportunity is 
continually maintained by vigilant operation and 
maintenance.
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Safe passage

• Safe passage means that active migrants are passed 

upstream of an impediment with minimal facility induced 

injury and mortality rates. 

• Depending on the challenges of upstream passage at a 

site, combined injury and mortality rates at upstream 

passage sites in the Pacific Northwest are usually less 

than 2% from fish entry into the project tailrace to fish exit 

from the project forebay. 
6 of 19 OBJECTIV



Timely passage

Rule of Thumb: 

• For a screen and bypass system, the time a fish spends 

between the point of diversion and bypass return to the 

originating stream should be about the same time it takes 

for a fish to transit between these same points staying in 

the stream.
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Efficient passage

• Efficient passage means that most or all of the active adult 

migrants are passed upstream of the dam. 

• Passage success has been measured at greater than 98% 

for multiple adult salmonid species at many hydro 

projects in the Pacific Northwest, including the five public 

utility district operated dams on the upper Columbia 

River. 
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• Based on matching fishway design to biomechanical and 
behavioral traits.

• Fishways are expected to pass the weakest swimmers in 
marginal water conditions.

DESIGN BASIS
NMFS Design Manual
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Current Status 

of NMFS’ 

Updated Design Manual
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1. Consistent Message

2. Literature Citations

3. Emerging Technologies
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NORTHWES
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SOUTHWEST 
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• Northwest Region’s Anadromous Salmonid Passage Facility Design document, July 2011 

• Southwest Region’s Fish Screening Criteria for Anadromous Salmonids document, January 1997 

• Southwest Region’s Guidelines for Salmonid Passage at Stream Crossings document, September 2019

• Southwest Region’s Experimental Fish Guidance Position Statement, January 1994 

• Southwest Region’s Water Drafting Specifications,  August 2001

• Southwest Region’s Fish Screening Criteria for Pumped Water Intakes, May 1996
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Literature Citations

CURRENT GUIDELINES 
The approach velocity must not exceed 0.40 ft/s for active screens, or 
0.20 ft/s for passive screens. Using these approach velocities will 
minimize screen contact and/or impingement of juvenile fish. For 
screen design, approach velocity is calculated by dividing the 
maximum screened flow amount by the vertical projection of the 
effective screen area.
DRAFT UPDATED GUIDELINES
The design approach velocity for active screens should not exceed 0.4 ft/s for 
fish screens where exposure time is limited to less than 60 seconds, or 0.33 ft/s 
where exposure time is greater than 60 seconds (Smith and Carpenter 1987; 
Clay 1995). The design approach velocity for passive screens, as described in 
Section 8.5.6, should not exceed 0.2 ft/s (Cech et al. 2001).
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Emerging Technologies

Table of Appendices in DRAFT UPDATED GUIDELINES
Appendix ANear-Field Hydraulics that Affect Salmonid Passage in Tide
Gates

Appendix B Infiltration Galleries

Appendix C Experimental Technologies

Appendix D Surface Collection

Appendix E Performing Hydraulic Evaluations

Appendix F Juvenile Fish Collection and Evaluation Facilities

Appendix G Columbia and Snake River Fish Passage Facilities

Appendix HSizing Fish Ladder Pools Based on Energy Dissipation and Fish 
Run Size

Appendix I Upstream Juvenile Fish Passage

Appendix J Suggested Reading Materials
17 of 19



1. Updated in 2019

a) Maximum hydraulic drop for juvenile 
salmonids is increased from 6”  to 12” 
as a general guideline

b) The high fish passage design flow 
for all hydraulic designs should be 
50% of the 2-year event (where less 
than 20-years of gauge data exist) or 
the 1% exceedance flow during the 
migration season (where 20+ years 
of gauge data exist). 
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QUESTIONS?
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