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"...we must constantly keep in mind that variation, i.e., deviation from the

norm is one of the most marked characteristics of animal life.  And of the

vertebrates, the trouts are among the most variable of all.  Further, of the trouts

the steelhead is one of the most variable forms." 

    Leo Shapovalov and Alan Taft, 1954

"...we do not imply that it is evil to enjoy lox, calamari, and caviar, for

carnivory is not inherently immoral.  It is only excess that is offensive to nature. 

And when we destroy the ability of species to survive and to maintain their

ecological position, when we destroy their habitats and their capacity to evolve,

that is excess."

Nelson and Soule, 1987
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FOREWORD

On behalf of the California Department of Fish and Game, I am pleased to present our

report, Steelhead Restoration and Management Plan for California.  This document will serve as

the blueprint for the Department's efforts to restore this prized, and oftentimes overlooked,

resource.

Restoration of California's anadromous fish populations is mandated by The Salmon,

Steelhead Trout, and Anadromous Fisheries Program Act of 1988 (SB 2261) which states that it

is a policy of the State to significantly increase the natural production of salmon and steelhead by

the end of the century.  SB 2261 directs the Department to develop a program that strives to

double naturally spawning anadromous fish populations by the year 2000.

Steelhead management is often included in, and sometimes lost within, management of

the more economically important Pacific salmon.  Recognizing this, several legislators along

with prominent angling organizations urged the Department to incorporate a Statewide Steelhead

Restoration Plan into the initial elements of the SB 2261 program.  Thus, the development of the

Steelhead Restoration and Management Plan for California (Steelhead Plan) has been an

important feature of the SB 2261 program since its inception in 1988.  Various organizations,

principally California Trout, Inc. and Trout Unlimited, remain committed to assisting the

Department in its efforts to recover steelhead populations and eagerly await the publication of

the Steelhead Plan so that implementation of the identified restoration measures can begin. 

Many other angling and conservation organizations are committed to the Steelhead Plan and

have corresponded with the Department during its development. 

Governor Pete Wilson pointed out in his Water Policy Statement of April, 1992, the

urgent need for a long-term, comprehensive water policy that includes safe, reliable water

supplies for cities and farms and sufficient water to restore fish and wildlife resources.  The

goals and recommendations set forth in the Steelhead Plan are consistent with this latter aspect

of the Governor's Water Policy.  Because steelhead are present within the range of all other

anadromous salmonid species in California, and because they use a greater portion of a particular

river system than do other anadromous fish, restoration of steelhead habitat will have a salutary

effect on many other anadromous fish species as well.

The Steelhead Plan is one in a series of documents developed by the Department to

address the mandated doubling policy stated above.  Restoring Central Valley Streams, A Plan

for Action was published in 1993 and presents a multi-species approach to restoration of

anadromous fish populations in the Central Valley.  The Steelhead Plan dovetails with, and is an
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integral component of, this Action Plan.  The Steelhead Plan identifies the life history

requirements and needs of an important element of Central Valley anadromous fish ecosystems.  

The need to quickly develop and implement a statewide steelhead restoration plan was

heightened by the precipitous decline of California's naturally spawning steelhead populations. 

A rough estimate of the total statewide population is 250,000 adults, less than half the population

of 30 years ago.  The major factor causing the steelhead population decline, as identified in this

document, is freshwater habitat loss and degradation.  

The decline of naturally spawning steelhead stocks has prompted the National Marine

Fisheries Service (NMFS) to undertake a status review to determine if they warrant listing under

the Endangered Species Act (ESA).  Implementation of the Steelhead Plan will hasten recovery

and may prevent more drastic actions mandated by the Federal ESA.  The Central Valley Project

Improvement Act is another Federal law that addresses restoration of naturally spawning

steelhead stocks.  The Act establishes funds and water for fish and wildlife restoration in the

Central Valley and directs the Secretary of Interior to develop and implement a program to

double the natural production of anadromous fish in Central Valley rivers and streams.

This plan is not a single species, stand-alone document that ignores other native aquatic

organisms and other portions of the ecosystem.  It provides guidelines for steelhead restoration

and management that can be integrated into current and future planning for specific river and

stream systems.  It identifies requirements specific to steelhead and is intended to augment

current anadromous fish restoration plans.  The Steelhead Plan recognizes that restoration of

California's steelhead populations requires a broad approach that emphasizes ecosystem

restoration.  

As an example of how the plan can be factored into other planning processes, the

Department, along with the Resources Agency and several other agencies and organizations, has

recently embarked on the Coastal Salmon Initiative, an ambitious plan to protect and restore

salmon and steelhead habitat along the coastal areas of northern California.  The Steelhead Plan

identifies what is needed for steelhead in this area, yet does not provide specifics on how to

accomplish these needed measures.  Elements of the Steelhead Plan can be easily included in the

Coastal Salmon Initiative, which will provide the specifics on how these restoration measures for

steelhead can be accomplished.  Thus, the two plans, rather than being two stand-alone plans that

attempt to address the same problems, are dependent on each other.

Implementation of actions specified in the Steelhead Plan will reverse the decline in

steelhead populations.  Restoring California's steelhead populations would provide the following

benefits to California citizens:
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- In 1991, there were an estimated 99,700 steelhead anglers in California, which is

substantially less than that estimated in the early 1980s.  This decline in angler

numbers mirrors the decline in steelhead numbers.  A benefit of the project will

be improved angling opportunities for steelhead and increased participation in the

sport.

- Doubling California's steelhead populations would result in an estimated 37.5

million dollars annually to the State's economy from sport fishing revenue.

- Steelhead are an important component of the State's diverse wildlife heritage. 

They are a good indicator of the health of the aquatic environment because they

require clear, clean water, and they use all portions of a river system.  As such,

they provide an important benefit to the quality of life for all California citizens.

Severe population declines, potential listing under the ESA, fulfillment of legislative

mandates, and our Public Trust obligations argue for early implementation of the Steelhead Plan. 

As always, the overall success of our efforts hinges upon the encouragement and participation of

the citizens of this State.  The Department welcomes all suggestions from, and the involvement

of, anyone that shares our view of a healthy, sustainable future for fish and wildlife in California.

C. F. Raysbrook

Interim Director

February 1996
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EXECUTIVE SUMMARY

Management Goals

Steelhead are an important and valued resource to California's citizens and are an
important component of the vast biodiversity of the State.  Like many of California's
anadromous fish resources, steelhead are declining.  Decline of steelhead populations is but
one aspect of the present statewide decline in biodiversity, caused by California's burgeoning
human population and the ever-increasing demand on natural resources.

This plan focuses on restoration of native and naturally produced (wild) stocks because
these stocks have the greatest value for maintaining genetic and biological diversity. 

Goals for steelhead restoration and management are 1) increase natural production, as
mandated by The Salmon, Steelhead Trout, and Anadromous Fisheries Program Act of 1988,
so that steelhead populations are self-sustaining and maintained in good condition and 2)
enhance angling opportunities and non-consumptive uses. 

Strategies to accomplish these goals are 1) restore degraded habitat 2) restore access to
historic habitat that is presently blocked 3) review angling regulations to ensure that steelhead
adults and juveniles are not over-harvested 4) maintain and improve hatchery runs, where
appropriate and 5) develop and facilitate research to address deficiencies in information on
fresh water and ocean life history, behavior, habitat requirements, and other aspects of
steelhead biology.

Status

Rough estimates place the total statewide population at 250,000 adults, less than half the
population of 30 years ago.  The decline of California steelhead appears to be part of a more
prevalent coastwide steelhead decline.  This decline has prompted the National Marine
Fisheries Service to undertake a status review to determine if steelhead warrant listing under
the Endangered Species Act.  The major factor causing the decline in California is freshwater
habitat loss and degradation.  This has resulted mainly from three factors: inadequate stream
flows, blocked access to historic spawning and rearing areas due to dams, and human
activities that discharge sediment and debris into watercourses.

The historic range of steelhead on the north coast (north of San Francisco Bay) has not
been reduced as drastically as it has in other areas of the State.  Consequently, this area has 
he greatest amount of remaining steelhead habitat in the State and the most abundant
populations.  The Klamath-Trinity river system supports the greatest number of steelhead in
California.  However, these stocks have declined from an estimated run size of 283,000 
adults in the early 1960s to about 150,000 in the early 1980s.  Steelhead runs in north coast
drainages are comprised mostly of wild fish, although the percentage of wild fish appears to
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have decreased in recent years.  Adverse impacts to north coast stocks are mainly from land-
use activities, primarily timber harvest and agriculture, and water diversion, gravel mining,
and predation by recently introduced squawfish. 

Steelhead ranged throughout the tributaries of the Sacramento and San Joaquin rivers 
prior to dam construction, water development, and watershed perturbations of the 19th and
20th centuries.  Populations have been most severely affected by dams blocking access to the
headwaters of all the major tributaries, consequently, most runs are maintained through
artificial production.  The average annual run size in the Sacramento River system above the
mouth of the Feather River in the 1950's was estimated to be 20,540 fish.  The annual run 
size for the total Sacramento River system in 1991-92 was probably less than 10,000 adult
fish.  The decline of Central Valley naturally produced steelhead has been more precipitous
than that of the hatchery stocks: numbers of wild steelhead above Red Bluff Diversion Dam
(RBDD) on the Sacramento River have decreased from an average annual run size of roughly
12,900 in the late 1960's to approximately 1,100 in 1993-94.  Wild stocks are mostly 
confined to upper Sacramento River tributaries such as Deer, Mill, and Antelope creeks and
the Yuba River. 

Southern steelhead (those occurring south of San Francisco Bay) were formerly found in
coastal drainages as far south as the Santo Domingo River in northern Baja California and
were present in many streams and rivers of southern California.  Today, Malibu Creek in   
Los Angeles County is the southern most stream containing a known spawning population. 
Southern steelhead are the most jeopardized of all of California's steelhead populations. 
Population numbers have declined drastically in nearly all streams where they exist, and runs
have been extirpated from many others.  Of 122 streams south of San Francisco Bay known  
to have contained a steelhead population, 47% had populations with reduced production from
historical levels and 33% no longer supported populations. Major adverse impacts to  
southern steelhead are from urbanization and water impoundment and diversion.

Watershed Protection and Restoration

Land-use activities associated with logging, road construction, urban development,
mining, livestock grazing, and recreation have reduced fish habitat quantity and quality by
changing streambank and channel morphology, altering water temperatures, degrading water
quality, and blocking access to spawning areas.  DFG supports recent initiatives to restore  
and maintain anadromous fish habitat on Federal and private lands.

Stream Restoration

There are many streams in California where water has been over-appropriated.  The  
recent drought has shown that there is little water to spare for instream uses in many areas of
the State.  DFG utilizes several provisions and laws to protect and maintain instream flows 
for the benefit of fish and wildlife, although protection of instream flows is frequently
inadequate.  The Klamath River below Iron Gate Dam, the Sacramento River below Shasta
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Dam, the American River below Folsom Dam, the San Joaquin River below Friant Dam, and
the Santa Ynez River below Bradbury Dam are a few examples of former and present
steelhead waters where severe environmental problems have resulted because of insufficient
releases from reservoirs.  Although there have been several favorable court decisions
affirming the protection of fish and wildlife under the Public Trust Doctrine, those resources
held in trust in many areas of the State continue to decline.  DFG needs a more effective
means to identify, maintain, and achieve adequate flows for steelhead throughout their range.

Further protections from suction dredging impacts may be necessary for some steelhead
populations. Stream bank alteration permits for gravel mining should include measures to
insure that public trust values are protected.

Estuaries can be important rearing areas for juvenile steelhead, especially in small coastal
tributaries.  Mechanical breaching of sandbars to drain lagoons and estuaries can have
detrimental effects on survival of juvenile steelhead.  Methods to allow regulation of lagoon
water levels which alleviate the need for breaching need to be developed and implemented.

Increased development and incompatible land uses can negate existing protections for
steelhead habitat.  Therefor, acquiring lands to protect critical stream reaches should be a  
high priority.  Priority should be given to acquisition of riparian lands that have water rights,
stream reaches to support depressed native stocks, and estuaries.

Natural and Artificial Production

Although many artificial propagation programs have succeeded in producing fish for
harvest, they have generally not produced a sustained increase in the abundance of wild fish 
or fully mitigated for water development impacts.  There is evidence that impacts to wild
populations from hatchery supplementation may be contributing to their decline.  Two main
concerns regarding the effects of hatchery supplementation programs on wild steelhead
genetics are loss of genetic diversity and reduction in fitness to the natural environment.  

Under State policy, natural production is the foundation for steelhead management and
restoration.  Artificial production will be limited to areas where it already occurs, where it is
necessary to prevent the extinction of a native run, or where the native population has   
already become extirpated and the habitat is irrevocably altered.

Existing hatchery and rearing programs will be operated to minimize impacts to natural
stocks to the maximum extent possible.  To provide a solid foundation to begin managing to
protect natural stocks, DFG needs a reliable means to differentiate wild fish from hatchery
fish.  For this reason, all hatchery production will be marked prior to release.  The Stock
Management Policy will be strictly adhered to by all agents of the DFG. 
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Angling

In 1991, there were an estimated 99,700 steelhead anglers in California.  It is estimated
that sport fishing revenues could generate an additional 37.5 million dollars per year to the
State's economy if California's steelhead populations are doubled. 

Limited information on steelhead sport harvest rates suggests that over-exploitation of
wild stocks is not occurring on a widespread basis and is not causing the general decline,
therefore, a statewide selective harvest regulation or an annual bag limit is not warranted.   

Management Objectives

North Coast

Management focus will be on maintaining and increasing population abundance, with
principal emphasis on naturally produced stocks.  Management efforts will be directed  
toward minimizing the impacts from watershed disturbances, preventing new disturbances,
restoring instream habitat, and increasing summer steelhead populations. 

Population monitoring and implementation of new angling regulations and habitat
protection measures are recommended to prevent further declines of summer steelhead
populations.

Greater releases from Iron Gate Dam on the Klamath River are needed.  A long-term  
flow evaluation on the Trinity River will be completed in 1996 and may result in increased
releases for fish and wildlife.  Watershed and stream restoration activities in the South Fork
Trinity River need to be accelerated.

Steelhead production in the Scott and Shasta rivers is constrained by severely degraded
habitat conditions from timber harvest and agricultural practices.  Improved flows for
anadromous fish populations in these rivers are needed. 

DFG is developing a restoration plan for salmon and steelhead in the Eel River which  
will identify specific actions needed for steelhead restoration in this system.  DFG and other
agencies are investigating the effectiveness of controlling introduced squawfish populations
through techniques such as gill netting and seining, electrofishing, explosives, and chemical
treatments. 

Habitat for naturally spawning steelhead in the Russian River system is severely 
degraded.  Instream flow requirements for salmon and steelhead need to be determined.  
When the cumulative impact analysis of existing and proposed diversions is completed, DFG
should make the appropriate recommendations to the State Water Resources Control Board
(SRWCB) so that necessary instream flows are provided.
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Central Valley

Management focus for Central Valley steelhead is to recover native and wild populations
and restore hatchery-maintained runs.

The Sacramento River below Keswick Dam is beset with many of the ecological 
problems associated with highly regulated rivers.  This river yields 35% of California's    
water supply and provides for the largest portion of the State's sport and commercial salmon
catch.  These two incongruous functions lie at the heart of California's present water
controversy.  Identified restoration measures for the mainstem include correcting fish passage
and fish screening problems at the Glenn Colusa Irrigation District Diversion, Red Bluff
Diversion Dam, and small agricultural diversions; rerouting the Colusa Drain; and cleanup of
Iron Mountain Mine. 

Mill, Deer, and Antelope creeks have the best potential of all Central Valley streams for
restoring wild steelhead populations.  These streams are similar in that they have relatively
pristine, well-protected upper reaches with ample spawning and rearing habitat, and they
suffer from inadequate flows in the lower reaches.  A solution to inadequate flows in Mill
Creek is being implemented:  ground water is being exchanged for surface flows, with funds
provided to the diverter to pay power costs for pumping.  A monitoring program funded by
Steelhead Catch Report-Restoration Card revenues was recently implemented in Mill and
Deer creeks to assess adult steelhead numbers. 

The Yuba River supports the largest, naturally reproducing population of steelhead in the
Central Valley.  DFG has recommended temperature and flow regimes to the SWRCB to
maintain and restore the anadromous fisheries.  DFG will continue to manage the Yuba River
as a wild steelhead fishery.

The steelhead population in the American River is almost entirely supported by Nimbus
Hatchery.  Over the past decade the run has declined significantly, probably due to adverse
water temperature conditions, rapid flow fluctuations, inadequate water releases from Nimbus
Dam, increased CVP and SWP water exports, and the 1986-92 drought.  Measures to restore
steelhead populations include: adoption of adequate minimum flows and flow fluctuation
standards by the SWRCB; establishment of a minimum storage level for Folsom Reservoir;
and correcting the water temperature problem at Nimbus Hatchery.  

Natural production of steelhead in the Central Valley will continue to be limited due to
inaccessibility of the headwaters.  A hatchery program needs to be implemented if restoration
of steelhead is to be achieved for the San Joaquin River system.

South Coast

Management focus will be on recovering southern steelhead stocks from impending
extinction and this will be the highest priority for DFG's steelhead management.  
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Water development has caused severe habitat impacts to the Carmel River, including
dewatering, a broadening of the channel, and loss of riparian habitat.  A new dam has been
proposed to increase the water supply in the region.  The SWRCB should require identified
measures to restore and maintain the steelhead population and should retain jurisdiction over
the dam project to ensure that public trust values are protected. 

DFG will seek interim and permanent flow regimes from Lake Cachuma on the Santa
Ynez River to restore steelhead runs that have been eliminated by water development.  The
feasibility of providing passage around Bradbury Dam should be investigated. 

Constructing a fishway on the Robles Diversion Dam on the mainstem Ventura River
would restore access to about 10 miles of spawning and rearing habitat.  DFG should begin
discussion with responsible agencies regarding the removal or modification of Matilija Dam 
to allow access to about 10 additional miles of headwater spawning and rearing areas on
Matilija Creek. 

Recent construction of a fishway on the Vern Freeman Diversion should restore access to
Sespe Creek, the largest and most pristine tributary to the Santa Clara River.  Results of fish
trapping at the Diversion facility in 1994 indicate that a viable steelhead population still  
exists in the Santa Clara River.  Instream flow requirements for steelhead need to be
investigated.

The major obstacle to restoring the steelhead run on Malibu Creek is Rindge Dam,  
located about 2.5 miles upstream from the Pacific Ocean.  DFG is currently investigating the
feasibility of removing this dam.  

Conclusion

Watershed restoration and protection, providing adequate streamflows, and restoring
access to headwaters need to be the focal points for DFG's efforts to restore steelhead
populations.  Establishment of conditions, constraints, and practices which maintain
watershed integrity and stream flows, and restoration of problem areas which continue to
degrade or block aquatic habitat, are of the utmost importance to restoring steelhead
populations. 

Restoration of steelhead populations is intimately tied to the establishment of a new ethic
for management of California's rivers and streams - an ethic that places a much higher  
priority on the continuance of essential physical, biological, and ecological processes in  
rivers that are regulated or proposed for development.  Without this, aquatic habitat will
continue to degrade, steelhead and other species will continue to decline, and there will be
continued impasses on water usage and development.  
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PURPOSE AND GOALS

Steelhead rainbow trout (Oncorhynchus mykiss) were once abundant in California's

coastal and Central Valley rivers and streams.  Like many of California's anadromous fish

resources, steelhead numbers are declining.  Rough estimates place the total statewide

population at about 250,000 adults, probably less than half of the population of 30 years ago. 

An accurate estimate of the statewide population is not available, but there are reliable

estimates on select streams and rivers throughout the state.  All populations for which there

are good estimates show a declining trend. 

The decline of California's steelhead populations is inextricably linked to the increase

in the State's human population.  Past and present development activities in rivers and

watersheds, together with ever-increasing development of the State's water resources, have

affected every river system and watershed in the State to some degree.  The magnitude of

these effects vary: the Smith River is fairly pristine, well protected, and has one of the

healthiest steelhead populations in the State; the Carmel River, on the other extreme, did not

flow to the ocean for four years during the recent drought because of surface diversions and

excessive groundwater pumping, and its native steelhead population is at a critically low 

level.  The recent six-year drought undoubtedly contributed to the decline of many

populations, but most populations were already in decline prior to the onset of the drought. 

The drought also foreshadowed what may occur for fish and wildlife if excessive water

development became a permanent feature on the California bioscape.

Efforts to manage steelhead and reverse this decline have been hampered by an acute

lack of information, particularly status and basic life history characteristics of individual

stocks.  The need for information to manage commercial and sport harvest of Pacific salmon

stocks has intensified in recent years.  This has led to a redirection of the California

Department of Fish and Game's (DFG) anadromous fisheries research and management to

meet these needs.  Consequently, steelhead research and management have been greatly

reduced since the 1940's and 50's when DFG produced such classic studies as Shapovalov  

and Taft's (1954) life history study on Scott and Waddell creeks and Hallock et al. (1961)

evaluation of stocking of hatchery-reared steelhead in the Sacramento River.

Restoration of California's anadromous fish populations is mandated by The Salmon,

Steelhead Trout, and Anadromous Fisheries Program Act of 1988 (SB 2261) which states that

it is a policy of the State to significantly increase the natural production of salmon and

steelhead by the end of the century.  SB 2261 directs DFG to develop a program that strives  

to double naturally spawning anadromous fish populations by the year 2000.
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To ensure that steelhead management and restoration did not get lost within salmon

management in this new program, several angling and conservation organizations urged DFG

to establish a Steelhead Project.  Thus, the Steelhead Management and Restoration Project

was established in 1991.  The purpose of this project is to assure the maintenance,  

restoration, and enhancement of California's steelhead stocks.  The project is responsible for

statewide coordination of DFG's steelhead management, research, and restoration activities.  

A high priority of the project is the development and implementation of the Steelhead

Restoration and Management Plan.  This document will be the blueprint for future DFG

steelhead management and will provide direction for the restoration and maintenance of

California's steelhead populations.

Restoration of California's anadromous fish populations requires a broad approach 

that emphasizes ecosystem restoration.  Basin planning, which addresses problems and

solutions on a stream system/watershed basis, is necessary to identify restoration activities

within a particular stream system that will benefit the aquatic ecosystem and insure that

measures to benefit one species do not damage others.  For some areas of the State, planning

efforts for anadromous fish restoration have been accomplished or are presently underway.   

In some river systems, specific restoration measures that will benefit steelhead populations

have already been identified and are incorporated into this Plan. 

This document provides guidelines for steelhead restoration and management, to be

integrated into current and future planning processes for specific river and stream systems.    

It also identifies those needs specific to steelhead and is intended to augment current

anadromous fish restoration plans.  Specific action items are identified where urgency is

needed to prevent the extirpation of wild populations.  This document is not intended to be a

plan that implements steelhead restoration measures at the expense of other native aquatic

organisms and other portions of the ecosystem.  

This plan focuses on restoration of native and wild stocks.  It is these stocks which

have the greatest value for the species as a whole, in terms of maintaining genetic and

biological diversity.  Also, several of California's native steelhead stocks have declined to

such low levels that listing under the Endangered Species Act is likely unless actions are

implemented now to prevent further declines.



     1 For purposes of this report, the following definitions are used:

Native stocks: those populations that are indigenous to a specific river system or stream.
Natural or Wild stocks: those populations that are self-sustaining and which spawn naturally, regardless of
origin. 
Natural production: Fish production from natural (in-river) spawning and rearing.
Artificial or Hatchery production.  Fish production from hatchery or rearing facilities.
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Goals for steelhead restoration and management are 1) increase natural production1,  

as mandated by The Salmon, Steelhead Trout, and Anadromous Fisheries Program Act of

1988, so that steelhead populations are self-sustaining and maintained in good condition and

2) enhance angling opportunities and non-consumptive uses. 

Strategies to accomplish these goals are:

1. Restore degraded habitat.

2. Restore access to historic habitat that is presently blocked.

3. Review angling regulations to ensure that steelhead adults and juveniles are not

over-harvested.

4. Maintain and improve hatchery runs, where appropriate.

5. Develop and facilitate research to address deficiencies in information on fresh

water and ocean life history, behavior, habitat requirements, and other aspects of

steelhead biology.

Successful accomplishment of these goals will require that adequate monitoring and

assessment activities are implemented to collect baseline information, assess population

trends, and evaluate success of restoration activities.



12



W44444444444444444444444444444444444444
INTRODUCTION                                                                                 Current Management and Policies

13

CURRENT MANAGEMENT AND POLICIES

With the passage of the Salmon, Steelhead Trout, and Anadromous Fisheries Program

Act of 1988, management emphasis has been placed on restoration of depleted natural stocks. 

Programs currently in place to help restore steelhead populations consist chiefly of projects to

restore habitat.  Current management direction is provided by several Fish and Game Code

sections, Fish and Game Commission (FGC) Policy, and DFG policies.

Salmon, Steelhead Trout, and Anadromous Fisher ies Program Act  

This Act was passed by the California legislature, signed by Governor Deukmejian,

and chaptered into the Fish and Game Code in 1988 (Section 6900 et. seq.).  Its intent was    

to implement the recommendations of the California Advisory Committee on Salmon and

Steelhead Trout (CACSST) to conserve and restore the anadromous fisheries resources of the

State.  The CACSST is a citizen's advisory committee created by the state Legislature in  

1983 to develop a strategy for the conservation and restoration of salmon and steelhead

resources in California.  It consists of representatives from commercial and sport fishing

organizations, native Americans, aquatic scientists, and public interest groups.  The Act

established the Salmon and Steelhead Trout Restoration Program within DFG, whose purpose

is to "develop a plan and program that strives to double the current [1988] natural production

of salmon and steelhead".  

The legislation also found that:

- Natural production of steelhead had declined, primarily as a result of lost stream

habitat, and much of the loss has occurred in the Central Valley.

- Protection and enhancement of the naturally spawning salmon and steelhead

would provide a valuable public resource to residents and would have a large

statewide economic benefit.

- Proper salmon and steelhead resource management requires maintaining adequate

levels of natural, as compared to hatchery, spawning and rearing.  Reliance upon

hatchery production of salmon and steelhead is at or near the maximum

percentage that it should occupy in the mix of natural and artificial hatchery

production in the State.  If both hatchery production and natural production are

feasible alternatives for increasing salmon and steelhead numbers in specific

situations, preference shall be given to natural production.
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- Protection and restoration must be accomplished primarily through the

improvement of stream habitat.

The Act also declared that it is a policy of the State:

- to significantly increase the natural production of salmon and steelhead trout by

the end of this century.

- to recognize and encourage the participation of the public in mitigation,

restoration, and enhancement programs in order to protect and increase natural

spawning salmon and steelhead resources.

- that existing natural salmon and steelhead habitat shall not be diminished further

without offsetting impacts of the lost habitat.

The development and implementation of this management plan is authorized pursuant

to this Act.

Steelhead Rainbow Trout Policy

This policy of the California Fish and Game Commission (FGC) was recently updated

and amended.  The policy recognizes the need to protect genetic integrity and habitat of all

stocks and places management emphasis on natural stocks.  The policy declares:

- Management of steelhead will be directed towards protection and maintenance of

populations and genetic integrity of all identifiable stocks.

- Juvenile steelhead rescued from desiccating streams must be returned to their 

natal stream.  Steelhead rescue will only be allowed when fish can be held until

habitat conditions improve or they can be released immediately in other areas of

their natal stream.

- Restoration and acquisition plans will be developed and implemented to safeguard

critical habitats such as estuaries, lagoons, and spawning and rearing areas, and  

to secure necessary instream flows.

- Existing steelhead habitat shall not be diminished further without offsetting

mitigation of equal or greater long-term habitat benefits.  DFG will oppose any

development or project which will result in irreplaceable losses.  Artificial
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production will not be considered appropriate mitigation for loss of wild fish or

their habitat.

- Sport fishing for adult and juvenile steelhead will only be permitted where DFG

has determined that harvest will not harm existing wild populations or impair

adequate returns of adults for sport fishing and spawning.

- Resident fish will not be planted in drainages of steelhead waters if DFG has

determined that it will interfere with steelhead populations.

Salmon and Steelhead Stock Management Policy

 It is the policy of DFG to maintain the genetic integrity of all identifiable stocks of

salmon and steelhead in California.  Each salmon and steelhead stream shall be evaluated by

DFG and the stocks classified according to their probable genetic source and degree of

integrity.

A classification system shall be employed to define stocks and the role of artificial

production for the management of each salmon and steelhead stream.  This classification

system will guide management and restoration efforts, and policies relating to artificial

production will also be compatible with this classification system.

The salmon and steelhead stocks stream management goal shall manage streams for

the following appropriate stock and only those stocks may be placed in the stream (each term

is progressively inclusive of the preceding terms):

1. Endemic - Only historical naturally reproducing fish originating from the same

stream or tributary.

2. Naturally reproducing stocks within drainage - Naturally reproducing stocks from

the drainage of which the stream is part.

3. Hatchery stocks within basin - Stocks which may include hatchery produced fish

from streams within the drainage.

4. Naturally reproducing stocks from out of basin - Naturally reproducing stocks

from streams outside the basin of which the stream is part.

5. Hatchery stocks out of basin - Stocks which may include hatchery produced fish

from streams outside the basin.
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6. Any stock - Any stock which appears to exhibit characteristics suitable for the

stream system.

Artificial production limitations shall be defined according to the following terms:

1. None - No artificial production or fish planting permitted; management shall be

for natural production.

2. Supplementary - Artificial production is less desirable than natural production and

is allowed only to the extent that it provides for full stocking of the stream.

3. Complementary - Artificial production is as important for fishery management

purposes as natural production and may be used on a permanent basis to

complement natural production.

4. Hatchery - Managed principally for hatchery production with natural production

protected but considered secondary.

Trout and Steelhead Conservation and Management Act of 1979.

This Act declares that it is a policy of the State to: 

1) Establish and maintain wild trout and steelhead stocks in suitable waters of the

state.

2) Establish angling regulations designed to maintain wild trout and steelhead

through natural production.

Wetlands Resources Policy

This policy of the FGC seeks to provide for the protection, preservation, restoration,

enhancement and expansion of wetland habitat in California and to strongly discourage

development or conversion of wetlands.  The FGC opposes any development or conversion

which would result in a reduction of wetland acreage or wetland habitat values.  The FGC 

also will oppose development proposals unless project mitigation assures there will be "no  

net loss" of either wetland habitat values or acreage.  Primary consideration for   

compensation for adverse impacts will be given to in kind, on site mitigation.
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Cooperative Salmon and Steelhead Rear ing Facilities and Cooperatively Operated

Rear ing Programs For  Salmon and Steelhead Policies.  

Section 1200 et. seq. of the Fish and Game Code authorizes DFG to enter into

agreements with counties, nonprofit groups, and private persons for the management and

operation of rearing facilities for salmon and steelhead.  All such agreements shall be in

accordance with the policies of the FGC and the criteria of DFG which govern the operation

under such agreements.  The purpose of the rearing facilities is to provide additional fishing

resources and to augment natural runs.  This section also authorizes DFG to provide surplus

eggs and fish to the rearing facility.  This section prohibits the release of fish reared at these

facilities into waters south of Point Conception because ocean conditions, primarily water

temperatures, are not conducive to salmonid survival in most years.

The FGC policy on Cooperatively Operated Rearing Programs states that the bulk of

the State's salmon and steelhead resources shall be produced naturally and that the State's

goals of maintaining and increasing natural production take precedence over the goals of

cooperatively operated rearing programs.  This policy also requires that:

- only those fish surplus to the needs of DFG's programs shall be utilized and

allocation shall be based on past performance and DFG's evaluation of the

potential of proposed new programs.

- a written proposal and a five-year management plan must be submitted to DFG 

for evaluation and approval. 

- fish raised in these programs shall not be stocked in, or broodstock captured  

from, waters where DFG has determined that adverse effects to native fish

populations or other aquatic species may result.



18
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OVERVIEW OF STEELHEAD BIOLOGY

LIFE HISTORY

Steelhead are the anadromous form of rainbow trout, a salmonid species native to

western North America and the Pacific coast of Asia (Fig. 1).  In North America, steelhead 

are found in Pacific Ocean drainages from southern California to Alaska.  In Asia, they are

found on the east and west coast of the Kamchatka Peninsula, with scattered populations on

the mainland (Burgner et al. 1992).  In California, known spawning populations are found in

coastal rivers and streams from Malibu Creek in Los Angeles County to the Smith River near

the Oregon border, and in the Sacramento River system.  The present distribution of  

steelhead in California has been greatly reduced from historical levels (Fig. 2).

Steelhead are similar to some Pacific salmon in their ecological requirements.  They

are born in fresh water, then emigrate to the ocean where most of their growth occurs, and

then return to fresh water to spawn.  Unlike Pacific salmon, steelhead do not necessarily die

after spawning.  Post-spawning survival rates are generally quite low, however, and vary

considerably between populations.

In California, most steelhead spawn from December through April in small streams

and tributaries where cool, well oxygenated water is available year-round.  The female  

selects a site where there is good intergravel flow, then digs a redd and deposits eggs while  

an attendant male fertilizes them.  The eggs are then covered with gravel when the female

begins excavation of another redd just upstream.

The length of time it takes for eggs to hatch depends mostly on water temperature. 

Hatching of steelhead eggs in hatcheries takes about 30 days at 51o F (Leitritz and Lewis

1980).  Fry emerge from the gravel usually about four to six weeks after hatching, but   

factors such as redd depth, gravel size, siltation, and temperature can speed or retard this   

time (Shapovalov and Taft 1954).  

The newly emerged fry move to the shallow, protected areas associated with the 

stream margin (Royal 1972; Barnhart 1986).  They soon move to other areas of the stream 

and establish feeding locations, which they defend (Shapovalov and Taft 1954).  Most

juveniles inhabit riffles but some of the larger ones will inhabit pools or deeper runs  

(Barnhart 1986).  
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Figure 1. Distribution of steelhead rainbow trout, Oncorhynchus  mykiss  (modified from Burgner et al. 1992).
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The life history of steelhead differs from that of Pacific salmon principally in two

aspects: juveniles have a longer fresh water rearing requirement (usually from one to three

years) and both adults and juveniles are much more variable in the amount of time they  

spend in fresh and salt water.  Throughout their range, steelhead typically remain at sea for

one to four growing seasons before returning to fresh water to spawn (Burgner et al. 1992). 

Boydstun (1977) found that most Gualala River steelhead migrated to sea as two-year old fish

and returned after spending two years in the ocean.  In Scott and Waddell creeks, the  

majority of adults returning to the stream to spawn had spent two years in fresh water and  

one or two years in the ocean.  However, steelhead from these streams occasionally exhibited

other life history patterns: scale analysis of adults indicated that they spent from one to four

years in fresh water and from one to three years in the ocean (Shapovalov and Taft 1954). 

Steelhead do not necessarily migrate at any set age.  Some individuals will remain in a 

stream, mature, and even spawn without ever going to sea, others will migrate to sea at less

than a year old, and some will return to fresh water after spending less than a year in the

ocean.  

There are two basic life history types of steelhead: stream-maturing steelhead, which

enter fresh water with immature gonads and consequently must spend several months in the

stream before they are ready to spawn; and ocean-maturing steelhead, which mature in the

ocean and spawn relatively soon after entry into fresh water (Peggy Busby, Fishery Research

Biologist, National Marine Fisheries Service, pers. comm.).  This corresponds to the  

accepted classification which groups steelhead into two seasonal "races": summer and winter

steelhead (Withler 1966; Royal 1972; Roelofs 1983; Barnhart 1986; Burgner et al. 1992). 

Stream-maturing steelhead (summer steelhead) typically enter fresh water in spring, early

summer, and possibly fall.  They ascend to headwater tributaries, hold over in deep pools 

until mature, and spawn in late fall and winter.  Ocean-maturing steelhead (winter steelhead)

typically begin their spawning migration in fall and winter and spawn within a few weeks to  

a few months from the time they enter fresh water.  Ocean-maturing steelhead generally 

spawn January through March, but spawning can extend into spring and possibly early

summer months.  In the Rogue River, spawning of stream-maturing and ocean-maturing

steelhead is spatially and temporally segregated (Everest 1973).  Little is known about

spawning time and location of California stream-maturing steelhead populations (Roelofs

1983).  

This classification is mostly one based on behavioral and physiological differences

and does not reflect genetic or taxonomic relationships (Allendorf 1975; Allendorf and Utter 

1979; Behnke 1992).  The degree of genetic similarity is mostly a reflection of geographical



     1 Summer steelhead and winter steelhead will be used throughout the remainder of this document to describe the two

behavioral types of California steelhead.  These terms are synonymous with stream-maturing and ocean-maturing

steelhead, respectively.

     2 Wilson et al. (1985) did however, find differences in mitochondrial DNA sequences between anadromous and

resident rainbow trout of the same drainage.
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relationships; that is, summer steelhead1 occupying a particular river system are more

genetically similar to winter steelhead of that system than they are to summer steelhead in

other systems.  Allendorf (1975) found that summer steelhead from several coastal streams in

Washington were genetically indistinguishable from coastal winter steelhead of the same

streams, but showed no genetic affinities with inland (upper Columbia River) summer

steelhead.

Rainbow trout have also been classified on the basis of anadromy.  In the past,

steelhead and non-anadromous (resident) rainbow trout have been grouped as two different

subspecies and even different species by early researchers (Allendorf 1975).  However, little

or no morphological or genetic differentiation has been found between anadromous and

resident forms inhabiting the same stream system2 (Behnke 1972; Allendorf 1975; Allendorf

and Utter 1979; Busby et. al 1993; Nielsen 1994).  The conversion of anadromous forms that

have become isolated upstream of dams to resident populations (e.g. Whale Rock Reservoir

and Redwood Creek populations) is a further indication of the close genetic and taxonomic

relationship of these two forms.  Anadromous and resident rainbow trout apparently did not

arise from two distinct evolutionary lines, but rather the two forms have given rise to each

other independently (Behnke 1992).  

Behnke (1972), Allendorf (1975), Allendorf and Utter (1979), and Wilson et al. 

(1985) conclude that rainbow trout cannot be separated taxonomically by timing of return to

fresh water (summer vs. winter steelhead) or their tendency for anadromy (steelhead vs.

resident rainbow trout).  Rather, rainbow trout are taxonomically structured on a geographic

basis (coastal vs. inland forms).  Similarly, Behnke (1992) identifies two subspecies of North

American rainbow trout that exhibit anadromy: coastal rainbow trout (O. m. irideus) and

Columbia River redband trout (O. m. gairdneri).  All steelhead populations of O. m.  

gairdneri are summer steelhead (Behnke 1992; Burgner et. al 1992) and occupy upper

Columbia River tributaries east of the Cascades.  O. m. irideus is distributed along coastal

rivers and streams from California to Alaska and consists of both summer and winter

steelhead populations.  All steelhead populations in California are O. m. irideus (Behnke

1992).

DFG has traditionally grouped steelhead into seasonal runs according to their peak

migration period: in California there are well-defined winter, spring, and fall runs.  This
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classification is useful in describing actual run timing, but is confusing when it is used to

further categorize steelhead populations.  Seasonal classification does not reflect stock

characteristics, spawning strategies, and run overlap between summer and winter steelhead. 

Also, a seasonal run may be comprised of both summer and winter steelhead.  For example,

spring-run steelhead in the Eel River system are summer steelhead because they hold-over 

and do not spawn until the following winter; spring-run steelhead entering southern 

California streams in spring and early summer are mature and spawn immediately, and thus

are winter steelhead.  Run timing is a characteristic of a particular stock, but, by itself, does

not constitute "race".

Prior to the intensive water development of this century, summer steelhead were

probably more common in California than they are today.  At present, summer steelhead are

found only in north coast drainages, mostly in tributaries of the Eel, Klamath, and Trinity 

river systems.  Winter steelhead are also present in north coast drainages, and are also found 

in the Sacramento River system and central and south coast drainages.

Lack of genetic differences indicates that there is substantial gene flow between

anadromous and resident forms.  It is not uncommon in anadromous salmonids for males to

mature as parr, then assume a resident life style (Titus et al. in press).  Mature male parr

rainbow trout have been observed spawning with female steelhead in Waddell Creek

(Shapovalov and Taft 1954) and they have been observed in the Big Sur River (Robert Titus,

DFG Associate Fishery Biologist, pers. comm.)  This variability in life history patterns

probably confers a survival advantage, especially in unstable, variable climatic and

hydrographic conditions such as in southern California environments at the southern-most

limit of steelhead distribution.  The major river systems in this area are subject to extreme

variations in rainfall which can result in high volume, flash flood runoff, or droughts lasting

several years.  Stream flow in these streams can vary greatly, both seasonally and annually.   

It is not uncommon for the lower reaches of many southern rivers to become intermittent

during the dry season.  Juvenile steelhead rearing in the perennial headwaters of these rivers 

at times have no access to the ocean for several years.  Also, sufficient flow is needed to

breach sandbars which close the mouths of most coastal streams.  When a storm event

provides sufficient flow, a brief window of opportunity is created to allow movement of

steelhead between their marine and fresh water environments.  This life history flexibility to

survive, and possibly spawn, until the next storm event opens a migration corridor has 

allowed steelhead to exist in the suboptimal environment that exists along the southern 

margin of their range.  

The fact that anadromous and resident rainbow trout can form a single interbreeding

population in a particular stream has important management implications.  Management of

native steelhead populations must include measures to protect and restore native resident



     3 According to the Unified Soil Classification System, sand is defined as particles with diameters from 0.003 to 0.19

inches, gravel is from 0.19 to 3.0 inches, and cobble is from 3.0 to 11.8 inches.
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rainbow trout and the linkage between the two forms.  Busby et. al (1993) state, that for

purposes of Endangered Species Act evaluation and implementation, resident rainbow trout

and steelhead that share a common gene pool should be considered together as one unit.

HABITAT CRITERIA

Depth.  The preferred depth for steelhead spawning is approximately 14 inches and

ranges from 6 to 24 inches (Bovee 1978).  Fry prefer water approximately 8 inches in depth

and utilize water 2 to 14 inches deep, while parr prefer a water depth of 10 inches but utilize

water 10 to 20 inches deep (Bovee 1978).  

In natural channels, water depth usually does not hinder adult migration because adult

steelhead normally migrate during high flows.  Depth can become a significant barrier or

impedance in streams that have been altered for flood control purposes, especially those that

do not have a low flow channel.  It has been reported that seven inches is the minimum   

depth required for successful migration of adult steelhead (Thompson 1972, as cited in

Barnhart 1986) although the distance fish must travel through shallow water areas is also a

critical factor.  Excessive water velocity and obstacles which impede the swimming and

jumping ability are more significant in hindering or blocking migration (Barnhart 1986).

Velocity.  Water velocities of 10 to 13 ft/s begin to hinder the swimming ability of

adult steelhead and may retard migration (Reiser and Bjornn 1979).  Steelhead spawn in  

areas with water velocities ranging from 1 to 3.6 ft/s but prefer velocities of about 2 ft/s

(Bovee 1978).  The ability to spawn in higher velocities is a function of size: larger steelhead

can establish redds and spawn in faster currents than smaller steelhead (Barnhart 1986).

Substrate.  Adult steelhead have been reported to spawn in substrates from 0.2 to 4.0

inches in diameter (Reiser and Bjornn 1979).  Based on the Bovee (1978) classification,

steelhead utilize mostly gravel-sized material for spawning but will also use mixtures of sand-

gravel and gravel-cobble3.  Fry and juvenile steelhead prefer approximately the same size of

substrate material (cobble/rubble) which is slightly larger than that preferred by adult

steelhead for spawning (gravel) (Bovee 1978).  The gravel must be highly permeable to keep

the incubating eggs well oxygenated and should contain less than 5% sand and silt.

Temperature.  The preferred water temperature for various life stages of steelhead is

well documented (Bovee 1978; Reiser and Bjornn 1979; Bell 1986) (Table 1).  



W44444444444444444444444444444444444444
INTRODUCTION                                                                                                       Overview of Biology

26

Table 1. Preferred water temperatures for various steelhead life history stages. 

Life History Stage Temperature Range (oF)

Adult migration 46 to 52

Spawning 39 to 52

Incubation and emergence 48 to 52

Fry and juvenile rearing 45 to 60

Smoltification     < 57

__________________________________________________________

Optimum temperature requirements of steelhead may vary depending on season, life

stage, and stock characteristics.  Egg mortality begins to occur at 56o F.  Steelhead have

difficulty extracting oxygen from water at temperatures greater than 70o F (Hooper 1973, as

cited in Barnhart 1986).  In California, low temperatures are not as much of a concern as   

high temperatures, especially high temperatures that occur during adult migration, egg

incubation, and juvenile rearing.  

The temperatures noted in Table 1 are optimal conditions.  Rainbow trout are known 

to exist in relatively high temperature regimes, some of which exceed the preferred

temperatures for considerable lengths of time (e.g. steelhead in south coastal streams).

THE STEELHEAD FISHERY

Native Americans utilized salmon and steelhead for subsistence, trade, and ceremonial

purposes.  Salmon and steelhead were harvested year-round by central coast and Central

Valley tribes, and primarily during late summer and fall months by north coast tribes.  Nets,

spears, traps, and weirs were utilized to capture the fish.  Today, Native Americans employ

gill nets and, to a lesser extent, dip nets to capture salmon and are limited mostly to the

Klamath River system.  The large mesh gill nets used in this fishery are targeting salmon,

hence the smaller sized steelhead are not taken in large numbers.  (Roger Barnhart, Project

Leader, National Biological Survey Cooperative Fishery Research Unit, pers. comm.).

There is no commercial steelhead fishery in California today.  Commercial salmon

trollers cannot legally possess steelhead, and very few are taken incidently in the commercial 



     1 Calculations are derived from data given in Meyer Resources, Inc. (1988) and are based on their estimates of 

stock size and catch rate. 
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salmon catch (Alan Baracco, DFG Senior Marine Biologist, pers. comm.).  There is no   

ocean sport fishery for steelhead.

There is a well-established inland steelhead sport fishery in California.  In 1991, there

were an estimated 99,700 steelhead anglers (16 years and older) in California (Sylvia  

Cabrera, Project Leader, National Survey of Fishing, Hunting, and Wildlife-Associated

Recreation, USFWS, pers. comm.).  This estimate is substantially less than the 190,900

California steelhead anglers estimated by the 1985 National Survey.  These two estimates

cannot be compared however, because different survey methodologies were used to generate

them.  The 1985 estimate is believed to be inflated, and the 1991 figure is more accurate

(Sylvia Cabrera, pers. comm.).

The majority of angler effort is expended in the large river systems and smaller  

coastal streams north of San Francisco Bay and, to a lesser degree, in the Sacramento River

system.  There are a few rivers and streams south of San Francisco Bay that still support a

steelhead sport fishery, but angling opportunities have become limited in recent years as a

result of reduced access and low fish numbers.  The steelhead fishery of southern California

(south of San Luis Obispo) is almost nonexistent due to severe declines and extirpation of

many of the runs.  There are a few historical accounts of a steelhead fishery in the San 

Joaquin River system; at present it does not support a steelhead sport fishery.  

Steelhead sport fishing is important not only for its recreational value, but also for the

economic benefit that it provides.  Meyer Resources Inc, (1988) conducted an analysis of the

economic benefits that would result from increasing California's salmon and steelhead stocks. 

They estimated that doubling salmon and steelhead stocks would increase commercial and

sport fishing business revenues by approximately 75 million dollars per year and the annual

net income to businesses would be 30 million dollars (Table 2).  Total benefit to the 

California economy was estimated to be approximately 147 million dollars per year. 

An estimated 37.5 million dollars per year from sport fishing revenues would result

from doubling California's steelhead populations (Meyer Resources, Inc. 1988) (Table 2).  In

the Sacramento and Klamath river systems, steelhead account for over 20 million dollars

annually, which is 16 percent of the total salmonid commercial and sport fish revenues for

these systems1.  In the Klamath system alone, steelhead sport fishing provides 52 percent of

the total salmonid commercial and sport fishing revenues.  Increasing steelhead sport catch in

the Carmel and Ventura River systems to 2,000 and 1,000 adult fish, respectively, would

generate economic benefits of 1.1 and 0.6 million dollars annually (Meyer Resources, Inc.

1988).
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Table 2. Estimated benefits of doubling California's salmon and steelhead

populations.  Modified from Meyer Resources, Inc. (1988).

Net Annual Economic Benefits (millions of dollars)

Salmon and Steelhead Steelhead Only

River  System

Business

Revenues

(comm. and

sport)

TotalRevenues

(Bus. and 

Non-Market)

Business

Revenues

(sport)

TotalRevenues

(Bus. and Non-

Market)

% of Total

Revenues

Attributable

to Steelhead

Sacramento/

  San Joaquin 19.7 101.4 0.56 8.0 7.9

Klamath/

  Trinity 6.8 23.5 0.55 12.2 52.0

Eel 3.0 16.1 0.55 12.2 75.8

Navarro 0.1 1.0 0.03 0.6 60.0

Carmel 0.05 1.1 0.05 1.1 100.0

Ventura 0.03 0.6 0.03 0.6 100.0

Other Calif.

  Rivers 0.35 3.4 0.13 2.8 55.5

Total Statewide

Economic

Benefit:

30.0 147.1 1.9 37.5 25.5
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