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PREFACE

This species profile is one of a series on coastal aquatic organisms,
principally fish, of sport, commercial, or ecological importance. The profiles
are designed to provide coastal managers, engineers, and biologists with a brief
comprehensive sketch of the biological characteristics and environmental
requirements of the species and to describe how populations of the species may be
expected to react to environmental changes caused by coastal development. Each
profile has sections on taxonomy, life history, ecological role, environmental
requirements, and economic importance, if applicable. A three-ring binder is
used for this series so that new profiles can be added as they are prepared.
This project is jointly planned and financed by the U.S. Army Corps of Engineers
and the U.S. Fish and Wildlife Service.

Suggestions or questions regarding this report should be directed to one of
the following addresses.

Information Transfer Specialist
National Coastal Ecosystems Team
U.S. Fish and Wildlife Service
NASA-S1idel1 Computer Complex
1010 Gause Boulevard

Slidell, LA 70458

or

U.S. Army Engineer Waterways Experiment Station
Attention: WESER-C
Post O0ffice Box 631
Vicksburg, MS 39180
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Figure 1.

Steelhead.

STEELHEAD

NOMENCLATURE/TAXONOMY/RANGE

Scientific name . . . . . . . . Salmo
gairdneri Richardson

Preferred common name . . . Steelhead
(Figure 1)

Other common names steelhead

trout, steelie, half-pounder, iron-

head
Class + « v v v ¢« o « &+ & Osteichthyes
Order . . . . . . ... Salmoniformes
Family . . . . . .. . .. Salmonidae
Geographic range: At sea, from
northern Baja California to the

Bering Sea and Japan. In  the
Pacific Southwest, steelhead enter
coastal streams from the northern
California border south to the
Ventura River (Figure 2). Adult
steelhead have been reported in the
Santa Clara and Santa Margarita
Rivers in years when winter runoff
was high enough to allow upstream

migration (Swift 1975). Early in
this century steelhead distribution
in the Pacific Southwest was more
widespread (Figure 3). Steelhead
run up the Santa Domingo River in
northern Baja California during high
runoff in winter (Needham and Gard
1959).

MORPHOLOGY/IDENTIFICATION AIDS

The following descriptions were
taken from McConnell and Snyder (1972)
and Fry (1973).

At sea, steelhead are steel blue
above and bright silver on the sides
and belly. Sharply defined black
spots are located on back, head,
sides, and dorsal and caudal fins.
The spots are small and vary in
number. After entering freshwater,
steelhead gradually take on the
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Figure 2. Distribution of steelhead (shaded areas) in Pacific Southwest region
streams in 1980's (California Department of Fish and Game, pers. comm.; Moore
1980).
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appearance of stream rainbow trout;
the back becomes olive green and the
sides and belly Tless silvery.
Maturing adults wusually develop a
broad pink stripe along the lateral
line and pink coloration on the
operculum. Steelhead 1lack the red
streaks beneath the jaw which
characterize the cutthroat trout
(Salmo clarki). Juvenile steelhead in
streams cannot be distinguished from
juvenile resident rainbow trout.

Anal rays 9-12, rarely 13; teeth
on tip and shaft of vomer and on
tongue; gill rakers on 1lower limb of
first arch range from 17-21; scales in
first row above lateral line 115-180;
caudal fin shallowly forked; maxillary
does not reach past the posterior
margin of eye; Jjuvenile parr marks
small and oval to nearly round.

Generally adult steelhead in the
Pacific Southwest region weigh less
than 4.5 kg but some exceed 11 kg.

REASON FOR INCLUSION IN SERIES

The steelhead is the most
widespread anadromous sport fish in
the Pacific Southwest region, but its
abundance has declined since the
1950's because of increased sport
fishing intensity and damage to fish
habitat through construction of dams,
water diversion, road construction,
and improper land management
practices. In some rivers a steelhead
fishery would be nonexistent without
hatchery stocks.

In California, attempts are
being made to protect wild stocks of
steelhead to maintain existing
spawning and rearing habitat, to
restore or enhance degraded habitat,
to use artificial propagation wisely,
and to regulate the fishery to provide
quality angling (California Department
of Fish and Game 1975). '

LIFE HISTORY

Steelhead trout spend a portion
of their 1ife in the ocean where most
of their growth occurs and sexual
maturity is attained; then they enter
freshwater to spawn. Spawning gener-
ally takes place from February to late
June. The eggs are laid in pits
(redds), dug in the gravel of the
stream bottom by the female. Imme-
diately after the eggs are laid and
fertilized, they are covered with
gravel by the female; the 1length of
their stay in the gravel depends upon
water temperature, dissolved oxygen
concentration and substrate composi-
tion. After the eggs hatch, the young
steelhead gradually work their way to
the surface of the stream bed. Juve-
niles usually spend a year or longer
in freshwater (length of residence is
determined by  environmental and
genetic factors) and then descend to
the ocean.

The steelhead is a strain of
rainbow trout that has a strong urge
to migrate to the ocean; however, some
individuals may remain in a stream,
mature, and even spawn without going
to sea (Shapovalov and Taft 1954).

The 1ife history of the steel-
head trout varies more than that of
any other anadromous fish regarding
the length of time spent at sea, the
length of time spent in freshwater,
and the times of emigration from and
immigration to freshwater. Unlike
salmon, steelhead do not usually die
just after spawning.

Steelhead are classified into
two races (Withler 1966; Smith 1960,
1969; and Everest 1973): winter
steelhead that enter streams between
November 1 and April 30, and summer
steelhead that enter streams between
May 1 and October 30. Portions of
both groups may enter freshwater in
spring or fall and are then called
spring- or fall-run steelhead. In
large rivers, such as the Klamath and
Sacramento Rivers, steelhead may enter



during most of the year. Winter-run
steelhead usually enter freshwater as
maturing fish that spawn relatively
soon, whereas most summer steelhead
enter as immature fish and do not
mature and spawn until several months
later. In the Pacific Southwest,
summer steelhead are not abundant and
the runs in many streams consist of
less than 100 fish (Roelofs 1983).
Degradation of habitat in inter-
mittent streams and susceptibility to
angling and predation probably account
for the low numbers. The southernmost
summer steelhead population is in the
Middle Fork Eel River. This river
supports the largest run of these fish
in the Pacific Southwest--up to 2,000
fish in a good year.

An exception is the "half-
pounder" summer steelhead (terminology
of Snyder 1925) which has a unique
life history described by Kesner and
Barnhart (1972) and Everest (1973).
Half-pounder runs are confined to a
small geographic range encompassing
about 120 miles of the southern Oregon
and northern California  coasts,
including the Rogue, Klamath, Mad and
Eel Rivers. These small immature
steelhead (25-35 cm Tlong) annually
enter freshwater from late August to
early October, and are the basis of
important sport fisheries in the
Klamath and Rogue systems. Half-
pounders spend only a few months at
sea before they return to freshwater
and, in contrast to mature steelhead,
feed extensively in freshwater. Half-
pounders that survive their first
upstream migration return to the ocean
the following spring and migrate back
to freshwater as mature steelhead in
the summer and fall. Everest (1973)
reported that half-pounders annually
comprise about 65% of the summer-run
of steelhead on the Rogue River and
that 97% of all adult summer steelhead
from there make their first upstream
migration as half-pounders.

Summer and winter steelhead do
not interbreed; they are isolated
temporally and spatially (Smith 1969;

Everest 1973). Summer steelhead spawn
in  January and February, whereas
winter steelhead spawn in April and
May, and summer steelhead spawn in
smaller streams or farther upstream.
The sex ratio of steelhead trout
immigrants is about 1:1 (Shapovalov
and Taft 1954; Kesner and Barnhart
1972). Female steelhead contain
about 2,000 eggs per kilogram of body
weight (Moyle 1976).

Several researchers have
concluded that the incidence of steel-
head spawning more than once increases
from north to south (Bali 1959;
Withler 1966; Sheppard 1972). Wide
variations in the percent of repeat
spawning can be due to genetic
factors, habitat quality, fishing
intensity, and management practices.
Fish that have spawned twice make up
70% to 85% of repeat spawners, whereas
those that have spawned three times
make up 10% to 25% of all repeat
spawners (Forsgren 1979), The few
fish that have spawned four times are
likely to be females, which have a
higher survival rate than males during
and following spawning. Spawning
males usually each serve more than one
female, remain in the stream longer
than the females (tagging studies by
Jones (1974) indicated nearly two
weeks longer), and are exposed to more
prolonged physical exertion than the
females (Meigs and Pautzke 1941).

Steelhead spawn in cool, clear,
well-oxygenated streams with suitable
depth, current velocity, and gravel
size (Reiser and Bjornn 1979). Mea-
surements made over steelhead redds
showed that steelhead spawn at depths
of 0.10-1.5 m, current velocities of
23-155 cm/sec, and in gravel of 0.64-
12.70 cm in diameter (Smith 1973;
Hunter 1973; Bovee 1978; Wesche and
Rechard 1980). Intermittent streams
are often used by steelhead for
spawning (Everest 1973; Kralik and
Sowerwine 1977; Carroll 1984). Most
of the fry produced emigrate to peren-
nial streams soon after hatching.



The embryology of the steelhead
is similar to that of other salmonids
(Wales 1941). The number of days
requ1red for steelhead eggs to hatch
varies from about 19 at an average
water temperature of 15 C to about 80
days at an average of 5 °C. Steelhead
fry usually emerge from the gravel 2
to 3 weeks after hatching.

After emergence, steelhead fry
(often in small schools) usually live
in shallow water along the stream
banks. As the fry grow older the
schools break up and the individual
fish establish territories which they
defend. Most steelhead in their first
year of 1ife tend to inhabit riffles
but some of the larger fish inhabit
pools or deeper faster runs., Mortal-
ity is high during the first few
months after emergence and many
investigators have suggested that the
relative size of the year class is
largely determined at that time
(Chapman 1966; McFadden 1969; Burns
1971; Everest and Chapman 1972).

In recent years, habitat degra-
dation has Tlowered the capacity of
many itreams to rear steelhead to
smolts For example, excessive sedi-
mentation has reduced food production,
pool depth, and cover--all important
to juvenile steelhead survival.

Juvenile steelhead feed on a
wide variety of aquatic and
terrestrial insects. Newly emerged
fry sometimes are preyed upon by older
juvenile steelhead. Young steelhead
moving about trying to find a suitable
territory are subject to the highest
predation (Shapovalov and Taft 1954;
Chapman 1966).

Juvenile steelhead Tlive in
freshwater for from 1 to 4 years

1Smo]t: Term applied to an anadromous
juvenile salmonid that is physiologi-
cally prepared to adapt to a saltwater
existence; steelhead smolts lose their
parr marks and become silvery.

(usually 2 years in the Pacific
Southwest) before becoming smolts and
migrating to saltwater. Most of the
migrants are 2 years old and 18.6 to
21 cm 1long (fork length) in the
Klamath River (Kesner and Barnhart
1972), or 14 to 21 cm long in Waddell
Creek (Shapovalov and Taft 1954). The
larger the smolts, the better the
survival, Most steelhead smolts enter
the sea in March and April.

Steelhead live 1 to 4 years in
the ocean (usually 1 or 2 years in the
Pacific Southwest). The Tlength of
residence in both freshwater and salt-
water increases from south to north
{(Withler 1966). Steelhead grow
rapidly in the ocean and their size
upon reaching maturity depends pri-
marily on how long they have lived in
the ocean. 1In California, the average
length of adult steelhead after 2
years in the ocean is 58 cm (Withler
1966). Immature steelhead trout (half-
pounders) increase about 30 mm in
length each month from the time they
enter the ocean until they return to
freshwater (Kesner and Barnhart 1972).

The distribution or migration of
steelhead in the ocean is not well
defined, particularly in the Pacific
Southwest. As judged by tag returns,
most steelhead tend to migrate north
and south along the Continental Shelf.
Steelhead stocks from the Klamath and
Rogue Rivers probably mix together in
a nearshore ocean staging area along
the northern California coast before
they migrate upriver (Everest 1973).

THE FISHERY

Commercial fishing for steelhead
has been prohibited in the Pacific
Southwest since 1924. The species now
is managed exclusively as a sport
fishery. Most steelhead are caught in
rivers rather than in the ocean. The
three most important steelhead trout
rivers are the Klamath and Eel Rivers
in  northern California and the
Sacramento River which empties into



San Francisco Bay. The California
Department of Fish and Game (1965) in
its Fish and Wildlife Plan estimated
spawning runs of 221,000 steelhead in
the Klamath River and 82,000 steelhead
in the Eel River. The Klamath River
sti11  has good runs of native
steelhead, perhaps approaching 200,000
fish in good years (Barnhart 1975).
In the upper Sacramento River from
1953 to 1959, the average run of adult
steelhead was 20,590 and consisted of
both natural and hatchery-produced
fish (Hallock et al. 1961).

In the California Fish and Wild-
life Plan (1965), the State's annual
spawning stock of steelhead was esti-
mated at 603,000 fish. The Plan also
reported that the State contained
8,402 linear miles of steelhead habi-
tat, 31% of which was available to
anglers. It was estimated that steel-
head anglers fish 304,000 angler-days
per year to harvest 122,000 fish
(about 0.4 fish per angler-day). Many
California streams support a substan-
tial fishery for juvenile steelhead--
fish that have not yet migrated to the
ocean. These 5- to 8-inch trout are
taken in large numbers, mostly during
the so-called summer trout season.
The fishing pressure for these trout
(about 440,000 angler-days annually)
exceeds that on adult steelhead (Cali-
fornia Department of Fish and Game
1965).

Although adult steelhead do not
commonly feed in freshwater, they are
readily taken by angling. Bait fish-
ing is popular and effective. Salmon
eggs or clusters of roe or night
crawlers are drifted through riffles,
pools, and especially where a tribu-
tary enters a large stream. Spinners
and other artificial lures are also
used. When streams are low and clear,
artificial flies are sometimes effec-
tive. Most steelhead fishing is done
from the bank or by wading; drifting
in boats is popular in larger streams.

The decline of wild, naturally
produced steelhead in the spawning

runs in the Pacific Southwest region
since the 1940's has required an in-
crease in the stocking of hatchery
reared steelhead. A total of about 1.9
million yearling steelhead for plant-
ing are supplied annually by Coleman
National Fish Hatchery on Battle
Creek, a tributary to the upper Sacra-
mento River, the Nimbus Fish Hatchery
on the American River, the Feather
River Hatchery on the Feather River,
and the Mokelumne River Hatchery on
the Mokelumne River. The goal is to
mitigate the loss of steelhead trout
in those rivers that has been caused
by dams and water diversion.

The average weight of hatchery
yearlings at the time of planting
(January through May) is about 51
grams (9 fish per pound). At an
expected return of about 2% annually,
planted steelhead contributed about
38,000 adults to the run in the
Sacramento River (Hallock et al.
1961). If steelhead were not stocked,
the catch in the Sacramento River
would be much smaller. The California
Department of Fish and Game operates
four hatcheries on the coast that
produce about 1.5 million. yearling
steelhead annually. In addition,
trout rearing projects sponsored by
the California Department of Fish and
Game, private groups, and counties
contribute an average of 114,000
yearlings annually (Boydstun 1977a).
On the Klamath system, where two of
the coast hatcheries are located,
hatchery production contributes only
an estimated 8% of the run of adults
(Boydstun 1977b). California also
releases nearly 3 million steelhead
fingerlings annually (Jensen 1971).

Fishery regulations are used to
help protect declining steelhead
stocks from excessive fishing. In
California, the daily bag 1limit is
three adult fish. A1l streams tribu-
tary to major coastal rivers and most
small coastal streams are closed to
angling from mid-November to Tlate
April. Special regulations also are
sometimes used. For example, a



section of the upper Middle Fork Eel
River has been permanently closed to
angling to protect the adult summer
steelhead trout that concentrate there
in summer and fall.

The use of hatchery reared trout
to boost populations is not entirely
beneficial. Larger runs attract more
fishermen, and more fishermen further
reduce the abundance of wild stocks.
Also, the genetic mixing of hatchery
and wild stocks could decrease the
advantageous traits in wild stocks.
The steelhead trout policy of the
California Department of Fish and Game
limits artificial propagation and
stocking to reduce such interference
with natural salmonid stocks; such
measures are periodically reviewed to
assess their effects on the wild
stocks.

The environmental quality of
coastal rivers 1largely governs the
level of steelhead production. In the
Pacific Southwest, attempts have been
made to increase the protection of
existing spawning and rearing habitat
and to rehabilitate damaged habitat
where feasible. California's steel-
head trout policy is directed toward
three goals: (1) to protect and
improve steelhead trout habitat; (2)
to develop plans and programs for
assessment of habitat conditions and
adverse impacts, land use planning,
and acquisition of
streams threatened with adverse devel-
opments; and (3) to study the effects
of habitat changes caused by over-
grazing, gravel extraction, 1logging,
road construction, urbanization, and
water development.

In 1982-84, California spent
$900,000 annually on the restoration
of salmon and steelhead habitat. A
Salmon Restoration Project was devel-
oped within the California Conserva-
tion Corps in 1980, and by the end of
1983, Corps enrollees removed 7,447
cords of wood and debris from 233
miles of streams used by anadromous
fish (Kreb 1984). The Conservation

interests in

Corps also planted streamside vegeta-
tion and constructed fish passage
weirs on some streams. In 1981-1983,
an additional $1 million was spent
annually by California to enhance
spawning gravels on the upper Sacra-
mento River and the Shasta and Klamath
Rivers, and to construct salmonid
rearing ponds (Rawstron and Hashagen
1984). Six Rivers National Forest in
northern California during the past 5
years has carried out an extensive
program to restore or enhance the
spawning and rearing habitats of
anadromous fish (Overton et al. 1981;
Overton 1984).

ECOLOGICAL ROLE

In freshwater, young steelhead
may be sympatric with sculpins, resi-
dent rainbow trout, coho salmon
(Oncorhynchus kisutch), and in some
instances other salmonids. Data are
lacking on the effects of interaction
of juvenile steelhead and resident
rainbow trout, largely due to the
difficulty in distinguishing between
the fish. In the Pacific Southwest,
resident rainbow trout are common in
streams above barriers to steelhead
migration and fry sometimes drift
downstream over the barriers. Bjornn
(1978) reported that steelhead fry
tended to displace juvenile resident
trout in the Lemhi River, Idaho. The
ecological requirements of the two
races are similar.

Coho salmon and steelhead trout
are similar in geographical distribu-
tion, systematic characteristics,
spawning locations, food habits, and
the length of time the young sbend in

freshwater (Milne 1948), although
steelhead normally remain in
freshwater longer than 1 year.

Although both species live in similar
habitat in their first year, Hartman
(1965) reported that in spring and
summer, most steelhead trout live in
riffles and most coho salmon live in
pools. Several investigators have
reported that spatial segregation is





















































