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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-ST1idel1 Computer Complex
1010 Gause Boulevard

Slidell, LA 70458

or

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



CONVERSION TABLE

Metric to U.S. Customary

Multiply By
millimeters (mm) 0.03937
centimeters (cm) 0.3937
meters (m) 3.281
meters (m) 0.5468
kilometers (km) 0.6214
kilometers (km) 0.5396
square meters (m?) 10.76
square kilometers (km¢) 0.3861
hectares (ha) 2.471
liters (1) 0.2642
cubic meters (m*) 35.31

cubic meters (m®) 0.0008110
milligrams (mg) 0.00003527
grams (g) 0.03527
kitograms (kg) 2.205
metric tons (t) 2205.0

metric tons (t) 1.102
kilocalories (kcal) 3.968
Celsius degrees (°C) 1.8(°C) + 32

U.S. Customary to Metric

inches 25.40
inches 2.54
feet (ft) 0.3048
fathoms 1.829
statute miles (mi) 1.609
nautical miles (nmi) 1.852
square feet (ft?) 0.0929
square miles (mi2) 2.590
acres 0.4047
gallons (gal) 3.785%
cubic feet (ft?3) 0.02831
acre-feet 1233.0
ounces (o0z) 28350.0
ounces (o0z) 28.35
pounds (1b) 0.4536
pounds (1b) 0.00045
short tons (ton) 0.9072
British thermal units (Btu) 0.2520
Fahrenheit degrees (°F) 0.5556 (°F - 32)
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Figure 1.

Coho salmon adults, with spawning phase of male at

the bottom (Scott and Crossman 1973).

COHO SALMON

OMENCLATURE/TAXONOMY /RANGE

cientific name . .
kisutch (Walbaum)

referred common name . Coho salmon
(Figure 1)

Other common names . . Silver salmon',
coho, sea trout, blueback, Jjack
salmon, hooknose, silversides (Sha-
povalov and Taft 1954; Scott and

Class . . . . . .

Crossman 1973; Fry 1979)
. . Osteichthyes

Order . Salmoniformes
Family . Salmonidae
Geographic range: Anadromous along

the Pacific coast from Chamalu Bay,

1

In Califaornia  the "official" common
name is silver salmon. In the rest

of the United States and in Canada
coho salmon is used. The California
State  Legislature had declared

"silver" to be official before there
was general agreement elsewhere.

. Oncorhynchus

Mexico (Miller and Lea 1972), to
Point Hope, Alaska, through the
Aleutians, and from the Anadyr
River, U.S.S.R., south to Hokkaido,
Japan. Most abundant between Oregon
and southeast Alaska (Hart 1973).
Coho salmon have been 1introduced
(with various degrees of success)
into lakes and reservoirs in Alaska,

Washington, Oregon, California,
Montana, and Alberta, Canada; in the
Great Lakes, first successful

stocking in 1966; along the Atlantic
coast from Maine to Maryland; in

Chile and Argentina (Scott and
Crossman 1973). Major spawning
rivers in the Pacific Southwest

Region are shown in Figure 2. Coho
salmon were rare in the Sacramento
River system wuntil the California
Department of Fish and Game stocked
large numbers of fry into the system
in 1956-58 (Hallock and Fry 1967).
Coho salmon returned to spawn but
did not maintain a natural run; the

fish have again become scarce and
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Figure 2. Major spawning rivers of coho salmon in the Pacific Southwest; the
species is found in all marine waters of the region (Berger 1982). Short Tlines
perpendicular to rivers represent impassable barriers.
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any that enter the Sacramento River
should be regarded as strays. Coho
salmon do not enter the San Joaquin
River.

MORPHOLOGY AND IDENTIFICATION AIDS

Meristic characters: dorsal 9-
13, anal 13-16, pectoral 13-16, pelvic
9-11 with axillary process; adipose
small, slender, and fleshy, caudal
oniy slightly indented; cycloid
scales, 121-144 in 1lateral line row;
pyloric caeca 45-83; gill rakers 19-25
on lower Tlimb of first gill arch;
branchiostegal rays 11-15; vertebrae
58-66 (Shapovalov 1947; Miller and
Lea 1972).

Body fusiform, laterally
compressed; fork length (FL) usually
41 to 64 cm, maximum 80 cm (Shapovalov
and Taft 1954), and weight to 13.6 kg
but not usually over 6.8 kg (Rodel
1953).

The juveniles are blue-green on
the back, and have silvery sides and
8-12 parr marks narrower than the
interspaces; lateral Vine passes
through parr marks; dark pigmented
adipose fin; anal fin pigmented
between rays resulting in  black
banding; orange tints on anal,
pectoral, and pelvic fins (McConnell
and Snyder 1972; Scott and Crossman
1973). Adults in ocean are steel-blue
to greenish dorsally; sides silvery,
and ventral surface white; small black
spots on back, upper sides, base of
dorsal fin, and upper lobe of caudal
fin. Maturing males become darker,
develop a bright red stripe on
otherwise dull sides, and are gray to
black ventrally (Scott and Crossman
1973).

Adult coho salmon have a white
gum line (through which teeth project)
that distinguishes them from chinook
salmon  (Oncorhynchus  tshawytscha),
which have bTack gums. Dark spots on
the back, dorsal fin, and upper lobe
of tail distinguish coho salmon from

chum salmon (0. keta) and sockeye
salmon (0. nerka); the 1low pyloric
caeca count (< 83) separates the coho
from any salmon except the sockeye
(Fry 1979).

REASON FOR INCLUSION IN SERIES

The coho salmon supports valuable
commercial and sport fisheries in the
Pacific Southwest Region. According
to the Pacific Fishery Management
Council (PFMC), the sport fishery
accounted for 58% of the total catch
of coho salmon along the California
coast in 1985 (PFMC 1986). Coho
salmon are anadromous and thus occupy
freshwater, estuarine, and oceanic
habitats. They are extensively reared
in hatcheries for release.

LIFE HISTORY

Migration and Spawning

In the Pacific Southwest, coho
salmon enter small coastal streams and
rivers from the Monterey Bay area
northward to the Smith River (Fry
1960; Berger 1982). They begin to
enter freshwater in September (Snyder
1931) but wusually enter from October
to March, peaking in December and
January (Shapovalov and Taft 1954).
Many small coastal streams in
California are closed by sand bars at
their mouths during a portion of the
year, and fish cannot enter the stream
until the bar is broken by the first
heavy rains of the rainy season. In
late summer and fall, coho salmon may
thus concentrate in the ocean near
these Streams.

The homing of salmon to their
natal Stream after they enter
freshwater 1is well documented and is
attributable to olfactory cues that
are specific for each location and are
"Tearned" by Jjuvenile salmon shortly
before they migrate to the sea (Hasler
and Wisby 1951; Hassler and Kucas
1982; Hasler and Scholz 1983). Homing



may also be influenced by inheritance
(Bams 1976).

In California, upstream migration
of coho salmon coincides with Tlarge
increases in streamflow, especially in
streams in which the flow is Tow in
summer. The fish move rapidly
upstream but stop if streamflow
suddenly drops. A small rise in flow
then causes the fish to move again.
They migrate upstream mainly in
daytime, and do not travel more than
240 km above the mouth of the stream
(Shapovalov and Taft 1954). Spawning
usually peaks from November to
January. Coho salmon spawn in riffles
at temperatures of 6 to 12 9C (Briggs
1953; Shapovalov and Taft 1954). On
the spawning grounds, males are more
abundant than females, due to the
presence of jacks (sexually precocious
males); however, the numbers of
females and older malas are similar.
Males are the more numerous in the
early portion of the run and females
in the later portion. Usually more
than one male spawns with a female
(Shapovalov and Taft 1954).

The fecundity of coho salmon
varies with size of female, area, and
year. Hart (1973) reported fecundity
of 2,500-5,000 eggs for females 55-70
c¢cm long in British Columbia, and Scott
and Crossman (1973) listed fecundity
of 2,100-2,789 eggs per female (no
lengths given) in British Columbia and
1,440-5,700 eggs for females 40-70 cm
long in Washington. Shapovalov and
Taft (1954) developed the following
fecundity formula:

number of eggs = 0.01153 x Fr 29403

Female coho salmon <choose a
nesting site in gravel deposits at the
lower end of a pool just above a
riffle (Briggs 1953; Shapovalov and
Taft 1954). The female prepares a
redd (an area containing several eqg
pockets or nests) by turning on her
side and repeatedly flexing her body
and tail to force gravel and fine
sediments into the water column; these

sediments are deposited a short
distance downstream. The completed
egg pocket forms an oval depression
(pit) with a mound of gravel located
immediately downstream.

During spawning, a dominant male
salmon accompanies the female and
chases away other males from the redd
area. The male positions himself
beside the female, both face upstream,
and the eggs and sperm are released
into the pit. One or more males
position themselves beside the female
opposite the dominant male and also
release sperm (Briggs 1953; Scott and
Crossman 1973). After the eggs are
released, the female wmoves slightly
upstream and repeats the nest building
and spawning act. This process 1is
repeated several times before spawning
is completed in 2-7 or more days
(Briggs 1953; Shapovalov and Taft
1954). A completed redd (containing
several nests) covers an area of 1.7
to 5.2 m® (Buck and Barnhart 1986).
The eggs are immediately covered with
18 to 38 cm of gravel displaced from
the upstream side of the nest (Briggs
1953). The female may guard the nest
for up to two weeks or until she
becomes too weak to maintain a
position against the current (Briggs
1953). Both the male and female die
after spawning.

Eggs and Larvae

Coho salmon eggs are large,
orange-red, and demersal. Scott and
Crossman (1973) reported egg diameters
of 4.5-6.0 mm for west coast
populations; Rounsefell (1957) derived
a diameter of 7.2 mm from data
published by Shapovalov and Taft
(1954).

The time regquired for coho salmon
eggs to hatch is inversely related to
water temperature. Shapovalov and
Taft (1954) reported that eggs usually
hatched in  35-50 days at the
temperatures prevailing in Waddel]
Creek, California; in hatcheries they



reported hatching in about 38 and 48
days at average temperatures of 11°
and 9 °cC. Laufle et al. (1986)
reported that _ 86-101 days were
required at 4.5 Oc.

Coho salmon larvae start emerging
from the gravel 2-3 weeks after
hatching, and continue to emerge for
an additional 2-7 weeks (Shapovalov
and Berrian 1940). The larvae have a
large yolk sac, which they absorb
while they are still in the gravel.
The larvae are initially photo-
negative, but become photopositive as
they approach emergence (Dill 1969).

Fry and Smolts

Coho salmon fry usually emerge
from the gravel at night from March
to May. The fry move to shallow
gravel-bottomed areas near the banks
of the stream, where they form
schools. As the fry grow, they
disperse upstream and downstream and
select and defend a territory, often
in relatively deep pools Wwith
overhanging logs (Shapovalov and Taft
1954). In summer, coho salmon fry
prefer a mixture of different types of
pools and riffles with large woody
debris, undercut banks, overhanging
vegetation, glides, average water
temperatures of 10 to 15 9C, dissolved
oxygen near sSaturation, and riffles
with 1ittle sediment (Reiser and
Bjornn 1979; Tschaplinski 1982; Murphy
et al. 1984). In winter, Jjuveniles
prefer large mainstream, backwater,
and secondary channel pools containing
large woody debris, and undercut banks
and debris along riffle margins
(Murphy et al. 1984; Heifetz et al.
1986).

Coho salmon fry begin feeding as
soon as they emerge from the gravel,
and grow rapidly. In California,
beginning in July and August, fry
moved into deep pools, where feeding
was reduced, and growth rate decreased
(Shapovalov and Taft 1954). The
period of decreased growth of fry was

associated with the period of maximum
stream temperature and minimum stream
flow. The fry fed lightly and grew
little during the rainy  season
(December-February) but grew rapidly
in March. Rising water temperature
and abundant food were associated with
the increased feeding and growth.

Coho salmon stay 1in freshwater
for a few weeks to 2 years, depending
on area (Scott and Crossman 1973). In
California, most of the fish migrate
to the ocean in April and May, about a
year after they emerge from the
gravel. A few migrate as age 0 fish,
but contribute few or no fish to the
adult population (Shapovalov and Taft
1954). Migrating fish (mean fork
length, 103-117 mm) move downstream in
schools at twilight and at night.

In some areas of the Pacific
northwest, coho salmon fry rear in
estuaries. In  southeast Alaska
(Porcupine Creek-Steamer Bay Estuary)
coho salmon fry entered the
stream/estuary ecotone (salinity 8-25
ppt) in spring and reared there during
summer,  growing faster than in
freshwater areas upstream (Murphy et
al. 1984). Most fish moved out of the
estuary area to upstream freshwater
areas to overwinter. In Carnation
Creek (Vancouver Island, B.C.) coho
fry entered the estuary (salinity to
20 ppt) in spring and reared to fall,
having high rates of survival and
growth (Tschaplinski et al. 1982). In
fall, most fish emigrated seaward
with the first seasonal freshets.
Coho fry that reared in the estuaries
contributed to the populations of
spawning fish which returned to the
systems.

Coho salmon fry undergo a
characteristic transformation  from
parr to smolts before they migrate to
the ocean. Distinct morphological,
physiological, and behavioral changes
accompany this transformation (Hoar
1976; Folmar and Dickhoff 1980). The
onset of smoltification and migration
is associated with fish age and size,



and environmental conditions --
primarily increasing day Tlength and
water temperature (Wedemeyer et al.
1980). The characteristic changes
associated with smoltification and
migration are reversible if coho
salmon are prevented from entering
seawater (Zaugg and McLain 1970; Woo
et al. 1978).

Ocean Residence

The oceanic migration patterns
and ocean harvest distributions of
adult coho salmon along the North
American Pacific coast, as judged by
recoveries of marked smolts and coded-
wire tags (Figures 3 and 4), indicate
that coho salmon remain closer to
their river of origin than do chinook
salmon, but may nevertheless travel
several hundred miles. For example,
marked coho salmon from Waddell Creek,
California, were caught 322 km to the
north (Taft 1937), and others have
been captured as far as 1,930 km from
their point of origin (Laufle et al.
1986). Coho salmon are pelagic and
readily move and disperse from one
marine area to another (Fraidenburg et
al. 1985).+ Along the California
coast, coho salmon probably remain
within the 1imits of the Continental
Shelf or within about 160 km from
shore (Shapovalov and Taft 1954).

Adult coho salmon usually spend
two growing seasons at sea before they
return to freshwater to spawn. At
Waddell Creek, California, Shapovalov
and Taft (1954) found that the fish
returned either as precocious males
(16% of run) 1in the season after
downstream migration (i.e., after one
growing season in freshwater and one
in the ocean), or as females and males
(84% of run) in the second season
after downstream migration (after one
growing season in freshwater and two
in the ocean).

Factors that influence the return
of adult salmonids to their natal
streams are among the least understood
facets of salmon biology. Biologists

believe that high seas navigation is
innately controlled, and that the role
of extrinsic environmental factors
increases in importance as the salmon
approach their home estuary (Brannon
1981). Orientation in the ocean is
believed to involve magnetic and
celestial information, interpreted by
the dinnate Tlatitudinal and calendar
senses of the fish (Brannon 1981;
Quinn 1981). The length of day, rate
of change in day length, sun position,
and Tight polarization are suggested
cues. Nearshore migration may be
enhanced by onshore winds that
concentrate river water close to
shore, where olfactory cues further
guide the salmon (Banks 1969).

Survival

Survival of coho salmon varies by
area and year. At Waddell Creek,
California, the estimated survival was
1.16% to 1.56% from eggs to smolts,
0.98% to 7.72% from smolts to adults,
and 0.02% to 0.30% from eggs to adults
(Shapovalov and Taft 1954).,  Murphy
(1952) developed a method for
estimating survival of coho salmon in
California during their Tast year of
ocean life. The applications of his
method to coho saimon counts (1939-50)
at Benbow Dam Counting Station (South
Fork, Eel River) yjelded estimates of
third-year survival of 16% to 57%.
Jensen and Hyde (1971) modified the
method for situations where the sex
ratio was other than 1:1, The
Washington Department of Fisheries
predicted an average production of 75
smolts per female coho salmon (Laufle
et al. 1986). The prediction applied
only to 3-year-old fish that spent 2
years at sea south of central British
Columbia.

GROWTH CHARACTERISTICS

In California, coho  salmon
migrate to the ocean at age 1 and
return to freshwater either as
precocious males in the season after
downstream migration (age 1/1 -- one
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Figure 3. Oceanic migration patterns of adult coho salmon

along

the west coast of British Columbia, Washington, Oregon, and north-
ern California, as determined from tagged and marked hatchery smolts

(Wright 1968).
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growing season in freshwater and one
in the ocean) or as females and males
in the second season after downstream
migration (age 1/2 -- two growing
seasons in the ocean). (An alternate
method of expressing these ages yields
25, and 35, where the integer is total
age and the subscript is year of life
at outmigration.)

In California, coho salmon
average 10.3 to 11.7 ecm FL at
outmigration. The fish average 40.6
cm at age 1/1 (all males), 64.7 cm at
age 1/2 (males), and 63.9 cm at age
1/2 (females) when they return to
spawn (Shapovalov and Taft 1954).

THE FISHERY

Coho salmon are consistently
caught along the California coast from
the Monterey Bay area to Oregon.
Trolling in ocean waters 1is the only
form of commercial fishing permitted
in California. Gill netting was
permitted 1in the Klamath and Smith
rivers until the early 1930's and in
the Sacramento River until 1957 (Fry
1977). Sport fishing for salmon 1is
permitted in the ocean and in river
systems that have a salmon run.
However, parts of some river systems
and some tributaries are closed to
salmon fishing.

Coho salmon provide an extensive
commercial and sport fishery along the
California coast (Table 1). Along the
Pacific coast (California, Oregon,
Washington) in 1976-85, nearly 13% of
the estimated total coho salmon catch
by trolling and 4% of the sport catch
were caught off California (PFMC
1986). The average ex-vessel value of
coho (expressed in 1985 dollars)
ranged from $3.12 per pound in 1979 to
$1.57 per pound in 1985, and the
annual dressed weight value of the
catch ranged from $3,276,000 to
$125,000 (PFMC 1986). The ocean sport
fishery effort (number of angler
trips) was 185,600 in 1985 and 123,600
in 1984, and averaged 242,200 in 1971-
75.

Table 1. Annual ocean commercial
(trol1) and sport catch of coho salmon
(thousands of fish and thousands of
pounds) off California (PFMC 1986).

Catch by

commercial

trolling Sport catch
Year Numbers Pounds? Numbers
1976 622 2,844 58
1977 45 283 14
1978 316 1,295 41
1979 184 1,198 15
1980 50 302 21
1981 84 477 9
1982 92 552 26
1983 60 266 28
1984 a7 349 19
1985P 11 81 15
gDressed weight.

Preliminary.

The Pacific Fishery Management
Council manages coho salmon as a unit
in a region extending from Leadbetter
Point, Washington (about 40 km above
the mouth of Columbia  River), to
the U.S.-Mexico border. The area is
referred to as the Oregon Production
Index (OPI) area. Coho salmon lin
the OPI area, which originate in the
Columbia River and in Oregon and
California coastal streams and
hatcheries, are intermixed 1in the
ocean and contribute to fisheries off
the southern coast of Washington and
the coasts of Oregon and California.
Most of the production of coho salmon
in California 1is from hatcheries,
which produce about 1 miilion of the
63 million  juvenile coho salmon
produced annually in hatcheries in the
OPI area (Greenley 1985).

fisheries in
Oregon (south of the

Coho salmon
California and









































