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FOREWORD

Inacdequate basie information about steelhead populations has long
hiwmpered their management. Factors such as eurrent harvest rates,
safe harvest rates, ;percentage survival of hatchery-reared juveniles,
and best planting procedures have usually been subjeet to guesswork,

Uncertainties breed comtroversy. And so, dispute over the velative
importancee ol natural vs. hatchery reproduction of steelhead led to the
Lirth of this projeet. Now the study is done, and the facts gained have
resolved the dispute and add considerably to knowledge of Sacramento
River steclhead, to the substantial benefit of fulure management,

Seasons and bag limits may be set with greater assuranee, knowing
approxinately the size of the run and the harvvest vate of adults
IMstaere hadehery programs may be planned and condueted move objee-
tively, knowing approximately how many ol the planted yearlings will
return as adults, how many will be caught, and how much it will cost
to put ane in the ereel throngh stocking, The added information about
best times, places, and sizes for stocking hatehery fish will also be of
considerable practieal value, although more information on these sub-
jeets would be desirable,

This study has alveady paid handsome unexpeeted dividends in Cali-
fornin, The scope ol stectiend hatchery programs relating to dams on
the Klamath, Trinily, IFeather, and Mokelumne vivers was based in
large part on survival rates of marked yearlings released in the Sacra-
mento River, Other ecomparable benefits are anticipated here and else-
wliere in the future.

We present this report to all those interested in steelhead, hoping
that it will contribute to the conservation and enhancement of these
noble fish wherever they oecur.

.

Arex Cannoun
May, 1961
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An Evaluation of Stocking Hatchery

Reared Steelhead Rainbow Trout,
Salmo gairdnerii gairdnerii,

In the Sacramento River System'

RICHARD J. HALLOCK, WILLIAM F. VAN WOERT, ond LEO SHAPOVALOV®
Infand Fisheries Branch
California Department of Fish ond Game

INTRODUCTION

During the past fifteen years the Sacramento Biver has beeome one
of the most. popular llshm;.r streams in California for steelhead rainhow
(mui. Salmo qmuluuu gatrdnerii Richardson, Bach fall, fishermen in
ever inereasing numbers travel From all parts of Calilornia, as well as,
from m'l"hburlng states, Lo participate in the harvest of this prized
western gane fish,

The inerease in the numbers of anglers has been brought about by an
uuunmlmiml of events, foremost ol which has been an explosive growth
in California’s population and in the numbers of people seeking outdoor
revreation. ( nstruetion of Shasta Dam. with its stabilizing and cooling
efleet upon the upper Sacrvamento, has prodoneed an environment bet-
ter suited for steelbead. The Sacramento is also a Favorite steelhead
stream of many anglers heeause the best, fishingr s enjoyed durine
baby days in the Fall, vather than darving the cold periods so tepieal
ol most. winter-run steelhend fishing areas.

This expanding popubarity wade it essential that the Saeramento
River steelbead management. program be  evahiuted {o determine
whether or not it is adequate fo insure continued wond fishing in (he
Face of these monting demands upon the resouree,

Provision of good steelhead fishing (ll'\pll(‘ the inrvoads by man is a
problem which Faces conservation agenecies along the Pacifie Coast, The
State of Washington has attempted (o offset this inerease in fishing
pressure principally by a long-range management program consisting
ol releases of migrant-sized \tv llu'.ul (\('-nlmtr fish averaging 6 to 8
inehes in length) o supplement depleted and heavily fished runs,
coupleddl with protective regalations and installation of fishways and
fish sereens fo proteet the runs, The stocking of migrant-sized steclhead
during their normal period of seaward wigration has definitely built up
the vans of sea-run fish in Washington streams, aceording 1o Larson
and Ward (1955),

In California it hadd been the poliey for many years priov to 18940 {o
stock eonstal streams with fingerling steelliead in the stimer months,
The results of this program shed considerable doubt on the efleetiveness

"I‘hla k. was performed as ;nnt of Dingell-Iohngan 1'rojeet (‘nlll’mnl-\ 5.,

cramento-Kan o River Salmon md Steclhend Study™, supported  y
I-ulvml Abd to PPlsh Rextn funds,

e st two listed aulhors transferved to the Marine Resourees

pletion of the xtudy,

“hewpon com-
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Fiaune 1. A 133-pound steelhend landed in DBattle Creek, n tributary of the upper
Sncramento River. This was the second largest steclhend recorded durlng the stinly,
Photograph by Richard J. Hallock, September, 1957,

of this type of artificial stocking (Shapovalov and Taft, 1950, An ex-
perimental program at California’s Waddell and Seott erevks from 1932
through 1942 revealed that only extremely small returns of sea-ran fish
may be expected from releases of fingerling steelhead, but that on the
average approximately 2 to 5 percent may be expeeted 1o refurn as
adults when allowed to descend to sen as vearlings al their normal ni-
geation time (Shapovalov and Talt, loe. ¢il.).

Until the start in 1952 ol the study deseribed herein, the mnnaggement
program for Sacramenio River steelhead had consisted primarily of
protective regulations and installation of fish protective deviees snel as
fish sereens and fishways, There had heen no artificial stocking of steel-
head, The only previous significant investigation of Saeramento River
stoeolhend was inelided in a study of the sport fishery, which was made
between 1947 aned 1949 (Smith, 1950). Prior to 1952 considerable knowl.
edge had beer  “ned throngh the years about steelliead in the smaller
constal stream.. 0 Californin, bul velatively little was known concern-

tover thes 1ilo Bitvtaee of Sooearaeto clonallisadd o thn nueeite of oot ioee
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migrant-sized stecthead in the Saeramento River, Thevelore, it was
decided to examine this important resource more thoroughly and to
find out if artificial stocking of large numbers of migrant-sized steel-
head in the Sacramento was a fensible method of maintaining or im-
proving fishing for adult steelhead. In 1952 the Californin Department
of Ifish and Game’s Bureau of 1Pish Conservation (now Inland Fish-
eries Branch) initiaded a projeet to determine the eflfeetiveness amd
cconomies of supplementing natnral steethead production in the Sacra-
mento River with yearling, hatehery-reared fish, Secondary objeetives
were to study the fishery and the life history of Sacramento steelhead.
It was originally planned to have the field work continue until 1960
buwt. was found possible to complete it by 1958,

The study was earried out as a cooperative program between the
California Department. ol Fish and Game and several other organiza-
tions which recognized the need For an evaluation of steelhcad stocking
in the Sacramento River. Two sportsmen’s organizations, California
Kamloops, Ine. and Steelhead Unlimited, volunteered to pay for the
Foud Ted Lo the fish at the hatehery and awarded one thousand dollars
over a five-year period to fishermen who vetwrned tags to the Depart-
ment. ol Fish and Game. Three thousand dollars in merchandise re-
wards for Tag retirns were donated by several sporting gomds stores
wml tishing resorts along (e Saeramento River between Redding aud
Meridian, The United States Fish and Wildlile Serviee trapped and
spawned adult steellicad in Battle Creek and reared the resulting young
to yearling size at Coleman National Fish 1latchery on the same stream.
The Department of Iish and Game paid a small part of the food costs
For rearing the fish, marked the yearlings, released them, and evahiated
the returns,

SACRAMENTO RIVER SYSTEM

The Central Valley of Calilornian is roughly 400 miles long by 45
miles wide. It is bordered by the Sierra Nevada and the Cascade Range
on the east, the Coast Ranges on the west, the Klamath Mountains and
the Cascade Range on the north, i the Tehachapi Mountains on the
south. The two principal rivers ol the Central Valley ave the Sacra-
mento and San Joaguin, These two vivers, along with their many tribu-
laries, form the largest stream system in California. The Saceramento
River drains the northern part of the Valley, and the San Joaguin
desins the southern parct. "They Now towards each other and merge in
the Saeramento-San Joaguin Delta, a maze of levied channels and sea-
level islands, The combined waters then flow into Suisun Bay, San
I*ranciseo Bay, and the Pacilic Ovean,

The hemdwaters of the Sacvamento River are loeated on the slopes
of Mount Bddy, one o the peaks of the Scott Monntains. About 12
miles downstream and some 420 rviver miles from San Franciseo the
infant river i3 joined by Wagon Valley Creek, a spring-led stream
originating near the southwest base of Mount Shasta. 1°rom the stand-
point. of both water supply and fishery vesourees, the Sacramento, aboye
ils conlinence with the Feather River, is the most important stream in
the Central Valley. This is the section with which this = ort is pri-
marily concerned, The portion of stream below the mouth we [Peather
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has been desirnated as the “lower Saeramento’™ and the portion he-
tween the mouth of the Feather and Keswick Dam as the “upper
Sacrimento’’

Sinee the completion of Shasta and Keswick dams, the upper Saera-
mento has been harnessed (IMigure 2). Keswick D, located about
five wmiles above Redding, presents a complete block to anmdromous fish
migrations.

Between Redding and Hamilton City, a streeteh whieh ineludes the
prineipal steelhead aneling area, the Saceamento River deops 350 Teel
in 964 miles, an average of 3.6 feel per mile, T the A7.30m0le stretel
between Redding and Red Blall, the average gradient is b Feet per
mile,

Above Jlamilton City the Sacramento is a vather wide, moderately
swift stream with alfernating long, tree-lined pools and shorl gravel
viffles. During normal Hows it varies in width from 600 Teet in some of
the pool areas and at a few riflles down o 200 Feel in many narrower
seetions, 16 is even less than 100 Teet in some channels, The averaoee
width is probably hetween 350 and 400 Feet, There are Tew places
where ““white water”’. similar to (hat found in the MeRenzie and
Rogue rivers of Oregon, may be encounfered.

In the T9-mile seetion between Redding and Vina there are mnnerons
riflle soreas of widely varying sizes. Nearvly all ave fished Tor steellivid
during the Fall months,

The daily mean flow of the Sacramento River-al Red Bl doring
most of the year, exeeptl in periods of heavy runoll, is nsually less than
11,000 cubie feet per second. During the Tall months it s usuoally
between 5,000 and 7,000 cubie feet per sccond. The maxinom daily
discharege at Red DIl (1902 to date) ocenrred on Febroary 28, 1940,
when 291,000 eubie feet per second was recorded.

The principal tributaries in the upper viver system, insolar as steel-
head fishing is coneerned, all enter the valley from fhe cast; they are
Mill, Deer, and Battle erceks. Many smaller {ribularies are also used
by steelhead for spawning, and lmited fishing takes place inomost of
then,

SACRAMENTO RIVER STEELHEAD

Adult Migrations

During the course of the study, a series ol large wire PyvEe fraps wis
operiated in the Sacrinnento River just above the month of the Feather
River, near ISremont Weir, These traps were operated to examine sei-
run steelhead Tor fin marks wnd to tae fish Tor population and sport
ciateh estimates. Constroction and operation o the fraps has been
teseribed by Halloek, 19y, and i annee (1957).

The time pattern ol the migradion ol sea-ran stecthend into the
upper Saeramento River was defermined as a by -product ol the oper-
ation of the traps, which were fished continuonsly, exeept for hriel
periods of high water, from Jaly, 1953, throngh Maveh, 19550 By then
the pattern of migration hid heen established, and the fraps were oper-
ated eaeh year therealter only From July undil the onset ol high water,
sonetime in December,
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It was found that steclhead migrate info the upper Sacramento River ” s S~
during most months of the year in one continuous vun ( Figure 3). Y B N — - — - S S
Bach scason the first of the migration passes the mouth of the FPeather | : L e I 3
River in July, The run in 1954 and 1955 was continuous until the X S e i | ] S i [
middle of the following March. In 1954 very few, il any, adull steel- o] " il oo “E il | W =i el el sk
head moved from the Delta into the upper Sacramento hetween the 20
middle of Mareh and the middle of Junes The bulk of the run passes t
the Feather River hetween early August and Tate November, aind (he i
pealcof the migration usually oceurs near the end of Seplember, :: S0 i v
Above the mouth of the Ifeather River, most of the carly migrant o) SO e R fe= = S
steelhead remain in the main stem of the Sacramento until about the t0 i i T
middle of November or until flows inercase sufficiently in tributary b R N .
streams to encourage ingress. During October and November they con- ;: . NN ST
centrate on riffles oceupied by spawning king salmon, Oncorhynchus I o LI -—
tshawytscha (Walbaum), and near the mouths of the larger tributary 10 ;Fr‘_ i al hosiaa
streams, principally between Iamilton City and Redding. Usually by =S e — =
the middle of November rain has swollen the entire river system, per- o : R I i
mitting the steelhead and the salmon which have not alveady spawned 2 # . e
to fan out into spawning areas of the numerous tributaries. . (et —_—  — -
Immediately after spawning, most steelhead start the long journcy 10 _J_I_'- - LLH_H
back to sea. During March and April, spawned-out steellhiead are par- e = ' TS N e =
ticularly noticeable in eatehes along the upper Sacramento River, In §:" i ] - ) i .
May they are also in evidence in good quantities in the Sacrumento- % ,: W N -
San Joaquin Delta. As late as 1957 commercial gill netting for Amer- E 0 i b]m-- e e —— | ——]—}—
ican shad, Alosa sapidissima (Wilson), was permitted in the Della W so |k = [ S S (R ] e e
during April and May. With the mesh sizes employed it was almost e = | | e e (el | i DA
impossible to fish nets for shad without catehing steelhead as well. The ot I, LLL SRARR | AR N (S
catch of steelhead in commercial nets was particularly noticeable in S 1o J_J_,r" : : e e e f—
the spring of 1955, when shad fishermen sent in 36 tags. All tags were ' ( g oo = e =
from steclhead that had been tagged duving their spawning migration W\.\Q_ﬂm WA ] e et S S
the previous fall. 3 - R i) i | [
3 Juvenile Migrations VY — i R SRS N N
An attempt to determine the time pattern of the juvenile steelliend ~ _ 11 o — | i i
migration past the mouth of the Ieather River was made by trapping. . S I = SO I
This method proved unsuceessful, beeause insufficient numbers of fish ) — ) R . i ——
were captured. IHowever, in the upper river all evidence indicates a “0l- e 7 = ==
heavy seaward migration of yearlings in the spring and a much smaller o e 5 = 7
one in the fall. Creel census work also showed an inercase in numbers o i : ];:_-:____,______ el
of juvenile steelhead in the upper Sacramento in the late winter and p - S~ S = =
carly spring. 1t is thought that this periodic influx of small fish repre- 10 = U S s framal, i, WO |l ol
sents the annual hordes of juveniles moving out of the tributaries 0 - s R e EAE
towards the sea. This conclusion is verified to some extent by the results i - paRias e | N [ I
obtained from the operation of a downstream trap for juvenile steel- :Z avereas $ S ! [N - S N I e R
head at Clough Dam on Mill Creek. It was found that young fish mi- 2ol 222 ¢ : g ———— S — —
grated downstream during most months of the year, but the peak o = ry e e R e
periods for yearling and two-year-old fish were reached duving the oo e e o U B et e, e S DT ey B —)
first heavy runoff of fall and again in eavly spring. A similar situation oy MG, SEPTL  OcT. WO DEG,  JaK. FEB. AR APRIL  MAY  JUNE
D, i R . ay .
}\:as found_to I)I‘E\'{lil 19 Cilllffll'lll:l. 8 ('.ﬂ:z,‘-:l:ll streams (h]u,z!m\‘linv and Framee 3. Thooe patlern of Sueramento 1Uver adult steelhead mibzeatons. Mbzseatlon
ll’lfl., loc. cil.). ]Il)\\'(:\'ct', the nigration in the Sacramento River appears thnes were determined by trapplog upstrenm migeants in the Sner anto Jtiver one-
to be a little “ler than in Waddell CI‘L'{'I{. where the eoastal st llt]y wWie hall mlle above Its confluence with the Feather Itiver, near . ant Welr,

made. Sacra.  .to fish are known to be moving seaward in good quanti-
ties as early as February, a month earlier than most Waddell Creelk
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fish. When released in the spring, hatehery-reared steellicad of a size
larger than 10 to the pound usually move downstream vapidly. This
was first observed in 1955, when fish averaging seven to the pound were
released at Princeton Ferry in January and several were landed by
striped bass fishermen three weeks later at Sacramerito, 112 miles down-
stream. In 1959, fish averaging seven (o the pound were released in DLl
Creck, about one mile above its confluence with the Sacramento, and
within an hour were spilling over a shallow bar into the Sacramento
River.
Age

Ages of Sacramento River steelhead were sampled by reading seales
from 100 fish. Seales used in the age study, and later for caleula-
tion of growth in length, were selected Lo include all size groups from
the seales of 400 steelhead trapped in the Saeramento River near the
mouth of the eather River during the fall of 1954, They do not incelude
hatchery fish.

Examination of the scales revealed that 70 of the 100 fish had spent
two years in fresh water before entering the ocean, 29 had spent one
year, and one had spent three years. Ineluded in the 100 seale samples
were scales from 17 two-year-old fish, 41 three-year-olds, 33 Four-year-
olds, six five-year-olds, two six-year-olds, and one seven-year-old. The
two-year-old steelhead had spent one year in fresh water and one year
in salt water. Thirty (73 percent) of the three-year-old fish had spent
two years in fresh water and one in salt water, and 10 (24 pereent) had
stayed one year in the river and two in the ocean. Twenty-six (79 per-
cent) of the four-year-olds had lived two years in fresh waler and
two years in salt water.

The age distribution of Saeramento River steelhead populations is
somewhat similar to that in California’s coastal streams, hut the per-
centages of older fish are much smaller in the Sacramento than in
Washington streams. I'or example, Pautzke and Meigs (1940) found
that of 100 mature steelhead canght by anglers in (ireen River, Wash-
ington, 13 were three-year-olds, 60 four-year-olds, 23 five-year-olds, and
four six-year-olds.

Spawning

Steelhead spawning extends over a period of several months and may
take place any time from the latter part of December through April.
Ifebruary is usually the peak month for taking steelhead egos at Cole-
man Ilatehery, They spawn in practically every tributary of the upper
Bacramento River and appear to do so in nunibers more or less pro-

portionate to the amount of vunofl, Large stremns such as Mill, Deer, - -

and Battle creeks have the largest runs; smaller streams ave used by
fewer fish. Actual numbers of steelhead spawning in the wain stem of
the Sacramento River and inmost tributarvies are unlknown,
Ixamination ol the steellicad seale samples colloeiod during the fall
of 1954 yevealed that 83 of the 100 fish were spawning for the fivst Lime,
14 for the second time, and two Tor (he (hird Lime, One lish, a1 27.8-ineh
male, wag spawning for the fifth time, These findings are similar to
those of Shape-alov and Talt (loe. ¢il.), who found that of 3,858 adult,
steelhead tig Lin Waddell Creck, California, 15 percent were SPELW -
ing for the sccond time and 2 pereent for the {hird time, However,
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Meigs and Pautzke (1941) found that in Green River, \\"’nsh(nlgmll, un.l_(\,r
5 percent of the mature steelhead canght by anglers in 1940 and 6.9
pereent in 1941 were spawning for the second time.
Size

Saeramento River steelhend are generally smaller than Hm_sc found in
ofher California stremms, exeepl the Klamath River. Duving lh‘c_ six
vears Chal the fraps were operated near the mouth of the Peather River,
over 19,000 steelhead were eaplured. Fork length weasurements were
made of 18,671 of these fish, The measnrements showed that dul'lng
most, years there was a bimodal length distribution; one mode was 15.5
inches and the other 20.5 inches (IMigure 4). The smaller fish consist
principally of age elasses whieh have spent two years in f:‘cs‘h water
and one year:at sea. The larger steelhead ave ]‘)l‘llll:l.l'l]l\: fish which have
spent two years in fresh water followed by two years in t]lc\ ocean. In-
eluding lengths of all fish measured, the average size of a Sacramento
River steellicad was Found {o be 18,1 inches in fork length, with a E'ilHlCl'
Jarge standard deviation of 3.4 inches. Omitting fish under 14 inches
in length, a, good portion of which are apparently seawzu'q .hound
instead of aseending the river, the average length becomes 18.7 1'1101105‘

Sacramento steelhiead average about three pounds in weight. 'F]shr up
to cight ponnds ave common, while those over 13 ]mun.ﬂs are rave. The
largest steelhead recorded during the study weighed 153 pounds.

Growth in Length

Data presented on growth in length of wild or nnlnrulIy-pl'oduc_od
steelhend were obfained from the examination of seale samples and in-
¢lude ealenlated Iengths based on seale measurements, as well as lengths
seettred at the time of eapture. All seales were taken from fish trapped
in the Saeramento River near the mouth of the Teather Rivm'._’l‘hq scale
samples were removed from steelhead ranging from 11.0 to 27.8 inches
in fork Tength. Seales were removed from an avea between the Tateral
line and dorsal fin on the left side of cach fish. A. few scales 1n each
sample were ingpeeted with the aid of a binoeular mieroscope, and H}Use
without regenerated eenfers were washed and llll}llll.tcd Dll.ﬁlﬂ.‘iﬁ slllﬂes
in elear Iaro syrup. The mounted seales were (‘xm.mn(’d with a miero-
projector at a magnification of 40X, The center of .ilw I'm',u.s, each an-
nulng, the margin of the seale, and the point at which the fish 'i‘llf(‘l'l‘(l
salt water were marked along fhe edges of white eards. The distances
hetween these points were measured to the nearest 3:111]11110I01‘ and
recorded on he eards. AL measnrements were made in .Hli‘. anlerior
ficld of caeh seale, along a radial line which was peependicular to the
anterior edge of the unsenlptured posferior field.

Of the 100 seale samples orviginally seleeted, only the 83 from steel-
head on their first spawning migration were used fo defermine the rela-
tionship belween Fork Tength and anterior radius of the s::’:l'it's: ar body-
seale velationship (IMigure 5), The fitting of a least squares line to the
mieans of Tork lengths, grouped by one-ineh infervals, :!ml means of the
corresponding seale radii, yielded the following cquation



. L =104 4- 0.298
Where:
I = Ifork length in inches

& = Magnified anterior radius of fish seale in millimeters.
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The following formula then was used for a morve accurafe caleula-
tion of fish lengths (Lagler, 1952) :

Sy (L2 —
+ k.qﬁ

1.O) o 1o

L1 =
Where:
Iy = Léngth of fish at any annulus
85 = Tiength of seale at any correspouding annmulus
Ls = Length of fish al eaplure
82 = Length of scale radius when scale was taken from the fish.

Calculated fish lengths were obtained by substituting average scale
measurements in place of measurements of individual fish in the pre-
ceding formula (‘Table 1). This procedure eliminated the neeessily
ol caleulating the growth of individual fish (Van Oosten, 1953). In wild
steclhead the greatest annual length inercment oceurs during the
first year of life in the ocean. Most of the stecthead scales showed some
“intermediate growth’”’—growth formed during the season of wigra-
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2.2 @ | 2 ' tion 1o the sea, prior o entry into salt water, Wish which had speat
_?:‘:?é i1E two years in fresh water showed smaller amounts of intermediate
- S 8 srowth and entered salt waler at a greater length than fish that had
7;::,5 e |z spent only one yeav in fresh water. This indicates that the two-year
gk i s stream fish, h.umg attained a lavger size, migrated fo sall water at
E— = - Z a [aster rale than fish which vnlc-u-d the ovean after only one year in
E%E N fresh water. Young steclhead whiels had spenl one or two years in
Eg‘; N Fresh wader generally entered salt. waler al a fork _l(-u.-:lh ol seven to
2 t £ nine inches. The considerable amount of infermedinde growth shown
Bgs 2le 3 = l)v most downstream migrauts was probably acquired during their
5%% T . 2 journey of about 240 nulcs to brackish water plus an nddmonal §0
= % JRa I R = miles throngh brackish and salt. \\'ntc:: hefore o;.nm;nw tlhc occ.';n.l
252 Hele |2 2 Sacramentd River steelhead grow Taster in fresh water and slower
Egg ik %—' ,_,; in salt water. than steclhead lrom Green River, Washington. Growth
“ % olol~- | o = studies by Meigs and Pantzke (loc. cif.) showed that (u'een River steel-
"'5‘3?;? Sl N I R head reached mean total lengths of 3.48 inches by the end of their
Esg = 3 first. year in fresh water md 6.50 inches by the end of their second
- .._ Y 3 ; year, Green River downstream migrants cnlcrcd salt water at a mean
B253 8 slw | S8 total length of 8.43 inches. In Wns]nuf'ton, mature steelhead attained
SFE"e EZ mean total lengths of 18.54 inches after one summer in the ocean and
L8z wl= | 3 2 25.68 inches .litcr two summers in the ocean.
g ::'S g < P Length-Weight Relationship
- 2= g 2 5
§ :-:-v.'a. MNw - S ZJ During the period from August 1 to November 20, 1956, fork length
- Es? 3 Rl I R measurements and weights were taken of 484 %tvcllu'nd tmppcd in tlle
ik € & Sieramento River near the mountlh of the Feather River. These fish
2.3 | = TE = anged from 12.8 to 27.2 ineches in length and from 14 to 172 ounces
g2 = s £ in \\owllt The Jength-weight re .lllml\hl]) eurve was fitted to the aver-
<7 E 5= ae weighls and lengths of these fish, grouped by half-ineh intervals
) 355 A MR of length, Iaeh length group was lquownlcd by five or wore fish. The
5%‘? L Il I R rvlnhmmlup between \\u"llt; in onnees and fork length in inches for
o ":—'5 g 3 steelhead £ rom the Sacramento River is expressed by flie equation :
2558 | 3|23 5§ i Log W = —2.205 4 3.063 log I
g §§ 1 ¢ 3 Where °
Y- S = '
e T ;- E W = Weight in ounces
EE5EE | " = I, = Fork length in inches.
2R z 8
i 2 _é’gg The length-weight relationship curve is shown in Figure 6. In
z§§ i £cs general, there is "ood agrecement between averages of actual and eal-
EEE -0l vnl.nlvd wvurllh 'l‘hc data were not separated according to sex, maturity,
——£ — z2% or life history of the fish.
zgs | @le|=]s | S ’
A I D A METHOD OF EVALUATING STEELHEAD STOCKING
B F= o |w || iiﬁ The plan for evaluating steelhend stoeking was to release large num-
&g B I I I :;;,E hers of markad yearling or migrant-sized steelhead in the Sacramento
- Eeg River and then determine the numbers of sca-run adults produeed,
égg'—g slelgls | 5c= their cost, and their contribntion to the natural runs and to the ﬁsh-
Le N cry. No .lU(‘lu])t was 1o be made to evaluate any contribution to runs
S % 5\%; of adults which may have been derived from natural r--roduction of
g383 | SIS|5|5 | g5E hatehery fish.:
“E78 <o ‘
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“,u]:.l{:rqs“.m.{';e(ﬂi“‘;‘l‘l “ﬁl?l‘t relatlonship of Sacramento River steelhiend. Lengths and

nalf mile ahove it s Irom """‘F"(“l‘ll migrants trapped in the Sacramento River one

e I-.'I":;.]III o ‘51!'go;:.,l‘:lz:[;:l:::l‘}hlm tlhcl Ill“lti:lllu-r I]llver. nenr Fromont Weir, The ct:|'1\'(:>
i } A { wiuidlon ; the dols represent avernges Aol
welghts and lensths grouped by h:i}f—ih:'.;llgiut(lzll)'l\'(:‘l.,‘l;ultu lj:‘:.ll"lth(“i of aetual

: Adult steelliead were trapped on their spawning migration in Battle
Creek and spawned avtifieially, T i oUBE. i

{ .11-\\11(.[ artificially. The resulting young were reared {o

e - y e i L s : i I
;1;];{:10?]\%112‘[1{}. y one year of age, marked by eclipping oft vavious combi-
0‘{“1 1..“ : and 1'(9_1(:::50(1 in the upper Sacramento River syslem,
r 1.;1 }_\ ¢ g their ll(il;ll]:‘ll seaward migration period. In this
report, the words “markine” and ““fin-elippine” are nsed interchanee
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naty - as. possible were teapped in he lower Saeramento River and
examined for marks. All fish in good condition were tageed and al-
lowed to proceed upstrean. The site seleeted for adult steelhead trap-
ping was such that population estimates and other data for the most
part apply only to the Saernmento River system above its confluence
with the IMeather River, and in pavticular exelude the Ameriean awd
IFeather rivers. Examination of large numbers of fish showed the per-
cenfage of the run which consisted of hatchery fish, but did not reveal
their total inumber. Sineeritwas impossible to-trap all of the steelhead,
in order to find out how many hatchery fish were actually in the run
cnch season it was also neeessary to determine the total size of the
yun, This was done by @ tag and reeovery method. The key to this
evitluation, then, s the annual adult steclhead population estimate.
and caeh year's determination of the total mumbers of sea-run hatehery
fish in the vun is only as accurate as the computed total population.
"I'he sporl cateh ol both wild and hatehery fish is estimated Trom the
numbers of tags returned by sportsmen. Costs involved in rearving and
stocking tle fish, as well as fishermen expenditures, were applied to
present a picture of the ceonomies involved.

The original plan ealled for {hree annual releases, commeneing in
1953, of approximately 200,000 marked yearlings or a total of GOO,000
fish. The five years following the last release were to be used for eval-
witting the returns of adults. Field work for the study would then ter-
minate in 1960. However, this plan was altered when it became appar-
ent that the observation period following an annual release of marked
fish could be shortened somewhat without matevially affeceting an eval-
uation of the results. Therefore, the plan was changed to consist of
four annual plants of marked fish and an evaluation period to extend
only two years beyond the last release. Thus, the project ficld work
was terminated in the winter of 1958, instead of the original target

date of 1960.
POPULATION ESTIMATES

As previously stated, a tag and recovery procedure was used to de-
{ermine the size of the steelliead population in each year. This method
of population estimation requires that a known number of fish be
fugeed at one point along their migration route, and allowed to pro-
ceed upstrham. 'rom the ratio of tagged to untagged fish observed in
(e river system above it is possible to compute the size of the spawn-
ing run, provided that this ratio is representative of the entire popu-
lation, :

Trapping of Adults

The previously mentioned large wire fyke traps were operated in the
Waeramento River just above the mouth of the Ieather River, near
Premont. Weir, Lo sample adnlt steelhead populations migrating into
(he upper Sacramento, s0 ghat Taree numbers could be obtained fov
ligraing and could be examined for fin-clipped hatehevy fish (Figure 7).
This trapping site was nob ideally loeated for a tag and recovery type
population ostimate beeause of its great distance from the tag recovery
aven. 1Towever, the seven iraps used were very effee ~ + in capturing
lirge sunmbers of adult steelhead. The pereentage the total run
tranned_each.seasonvavied. from. 1040 920 el averaged about 16,
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Fioune 7. Hemoving eaptured ste i
sune: 7. Ilen 1 #(l steelhead from o wire fyke trap. Se tr: e
?III,;rif‘l(.;(::lllf:t}lii;\?;.mo“ I.h the S"“-"'“""i“t" 1tiver one-hall mile ili]h’\'ll" ]l-‘:-l.lrllllil.:i"lltllt_i' \\\\"I:lll
athe ver, near Fremont Welr, Photograph by Richard J. Halluek October
ako :, Oetaber,

Captured fish were in excellent condition, even when left in the traps
as long as three days. During the six years from 1953 through 1958
a total of 19,404 steelhead was trapped, ineluding 17,085 fish 14 illcllcs;
aur(llluver in fork length and 2,319 under 14 inches

he traps were only slightly selective with reg: : sizes ol
R e K A 3 ‘g ; ) ctive with regard to sizes of steel-

L sant - When the run consisted of a large mumber of com-
]]'if.l.d 1l\c y small individuals, a greater pereentage of the tolal run
z\:lh (.‘.l]])l.lll(:(]]. A good 0SS seetion of the steelhiead populations was
[dz]&ni( : c](u: |I xvnm;u llll.‘i was indicated by comparative ratios of
ageed lish observed cach scason in several areas ; e
rre - each season e several areas above the Lrapping

Tags Used

ilice {his 3 a renor d
IOS)”LIL‘ l:u's j 't a report on various types of fish tags, lel it suffice
present a s ¢ odeseription of the fwo {ags used with cqual suceess
" i

1'“"? fev v dhat sty <l swvoge aleey ortaeeen e o i !

SJC-438

STOCKING HATCHERY-REARED STERLITEAD RAINDBOW TROUT 20

o the determination of the best locattion Tor atlaching tags to.a sfeel-
head’s body (Pigure 8).

A majority of the steelhead were fageed with Petersen lli.ulf tags
(Calhoun et al., 1951). The individual disks were made of laminated
cellulose nitrate, one-half ineh in diameter and 0,040 ineh thick. Al
{hongh the printed legend vavied comewhat from year to year, the disk
For one side of each fish was inseribed with o nmber and a rvequest
that the tag be sent to a designated office of the Department of 1'11.:-211
and Came, while the disk on the opposite side of the fish was plain.
A small number of tags were attached to fish with tantalum wire, !mt
the oreat majority of disks were fastened with stainless steel wire.
Variously colored disks weve used, ineluding red, yellow, and white,
all with black lettering and mumbering. After considerable expert-
mentation, itowas found that the best pesults were obfained by running
the wire through the fish’s body just under the anterior portion of the
dorsal fin. ¢

The second type of tag used was the fubing or so-called “spaghetti
fag’? (Collyer, 1954). The outside dinmeter was generally about 0.085
inel. The tubing was made of a vinyl plastic, This plastie is now known
{o be earcinogenie to rats (Oppenheimer ¢t al., 1955). However, though
probably not made of a desirable material, the tubing tags did serve
the purposes of the study, and no i1l effects were noted insofar as tag

ot 8. Tapgplng steelliend. A, plastie tubing tag in place on o ang B, attaching

etersen diglkis with o double strand of monafiliiment nylon: C, ||1t:|l:I1i_|||: n plastie
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returns were concerned. When first used, o number and reburn address
were inseribed on the tubing itself, but after the first season a Petersen
disk, with an inseribed legend, was crimped avound the tubing, Tubing
tags were attached through the body of the fish just under the Pos-
terior section of the dorsal fin.

The effectiveness of the two lypes of faws was about equal and no
significant difference in returns hy anglers was ohserved.

Effective Numbers of Fish Tagged

Population estimates were made during each of the six seasons, 195
through 1958, During this period 16,192 steelhead, an avernge of 2,690
a year, were tagged. All tagged fish did not migrate upstreiam immedi-
ately following release. Many were Tunded by anglers below the tageing
site, purticularly at the mouths of the American and Peather rivers,
Others were canght farther downstream and in the Delfa by both com-
mercial and sport fishermen, Some tazeed steelliead enfered the Anier
iean and Feather rivers and were recovered at va rying distances From
the Sacramento. In all, 478 tags, an averawe of 80 a yearowere recovered
below the tagging area. Of these 478 tags, 79 were taken From fish
smaller than 14 inches in length and 399 wore taken From fish T4 inelios
and over in length. OF the tags attachiod, only seven were recovered in
the ocean, all off the California coast.

In order to arrive at the “effective’ nmmber of fageed fish released
each season, those recovered below the trapping arvea during the season
in_which they were tagged were subtracted from the total taweed that
year. A close examination of the tagging and recovery dada also re-
vealed that, although a considerable number of steelhead wnder 14
inches in length were tagged, and although fish as small as 12 inches
migrated from the Delta into the upper Saeramento, relatively Few ol
these small tagged steelhead were observed above {lhie trapping aren
Anglers landed a much higher proportion of these fish which were
tagged when under 14 inches in length. Tn addition, almost, hiall of the
small tagged fish caught during the season of tagwing were landed
below the tagging arca. This indicates that many ol the smaller fish
were actually migrating seaward and were unavailable to the upper
river steelhead fishery until the season after tagaime, Therefore, all
tags attached to fish under 14 inches in length were also subtracted
from the total tags attached each season in order to arvive at the *“of-
fective’’ number of fish tagged. Population estimates are thus For fish
14 inches and over in length. Therefore, the population estimates are
minimal, since unknown numbers of small fish have been eliminafed,
The computed returns of sea-run hatehery fish also hecome minimal,
sinee some marked fish were less than 14 inches lone,

Examination of Steelhead Above the Tagging Site

Inorder to find out what, percentage of the run had heen Gaged,
and to determine the ratio of marked to unmarked fish, as many stecl-
head as possible were examined v the upper Sacramento River svsten
cach fall and winter during and followinge {he tageing peviod. S{eellicad
were exam: ' in Mill Creck at-a counting station on Clough Dam
(Ifigure 9, . the Coleman hatchery holding ponds on Battle Creek,
in_the ICeswick Dam fish fean on e e Serranmpofo aod G 4l
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, nerial view of Clougli\ IIJ:un. showlgg tll
hie sed ns o resldence by the lish counter; B8, cl
g u:?!{.lurlpturu:‘l fish coulid be rni:}aml i‘?n' ‘-'t'iEtﬂ'" \1(-\I-

ad were raised to examine them for mar
Qo P'hotographs by Joln 18, Rigy

Frouni 9.; Mill Creek Counling Station.

fishway nid house trailer
vitor %ypu bhottom um';l lnilmlil' 50 :!11[

trap In use, showims how ste e rals
!:;hl' i:?;’:‘s: CI), the trap in fishing position in the fishway.

course ol creel census work along the Sacramento "”.d lts_tmhulm'n
between Meridian and Redding. Duving the six years in which popul;
tion ostimates were made, 15,5749 steelhead 14 inches and over in lengt
were eximined above the taweing site, OF this nmumber, 1,888 }!:Id Ilu.(
(erred during the seasoncin which they were recovered. Im-lll‘tln*.r:.: ol
ksl . . Y 3 g 3 Y . AN
fish trapped and fish observed above the trapping site, ullu']uu.‘n ; (\l\ll
four adult steellicad in the population was handled each season L
those making the study.
Method of Computing Population:

Two methods of compnting the steelhead populations were consi
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the Petersen method (Ricker, 1958). Since bhoth are standad technigues,
they are described herein only briefly.

The use of tagging data to provide statistics on populations ol fish
generally implies that (1) either the tageing or sampling alter tageing
(or both) is done at random, (2) Laweed fish suffer the sanne mortality
as untaweed ones, () tueeged fish do notl lose their taes oo, (1) L]
fish are as vulnerable to the lishery as untaeeed ones. However, Sehaeler
(1951) takes into account the possibility that steellead (or any olher
species of fish) may not neeessarily be a single, homogencous, com-
pletely mixed population, and the ““mixing’ of these fish hetween the
time and place of tagging and that of subsequent sampling may not be
complete. To reduce crrors which might be introduced into population
estimates, due to the probability that all parts of the population may
not have the same tag ratio or to the probability that the inelusion of
a griven fish in a sample is a funetion of the time of sitinpling and there-
fore a function of the time of tagging, the tagging and recovery data are
divided by Schaefer into convenient. periods of time duringe the season.
This provides an estimate of the population present in suecessive 1ime
intervals, both at the tageing site and in the recovery area, as well as
the total population, or the sum of the interval estinates. However,
when either the tagging or the sampling is “uniform?’, and the proba-
bility of a fish being tagged or recovered is constant, the more ermber-
some formula proposed by Schacler for computing fish populations
(purposely omitted since, as will be explained later, it was not used)
reverts to the simple Pefersen formula:

,_ MC
N = e
Where:

N = Size of the population
M = Number of fish tagged
(! = Number of fish sampled
It = Number of tagged fish in the sample,

In general, the Petersen formula for ealenlating fish populations
tends to approach the correct size of the populations more closely as
the sumple size is inereased. If either the taging sample or the recovery
sample is random, an unbiased estimate of the total population can be
obtained. If both tagging and sampling are selective, the estimate niy
be biased. In effect, when all parts of the population have the same
tag ratio, it makes no difference whether or not subsequent simples
represent various parts of the population equally. Tn addition, i the
population is randomly sampled alter tageing, so that. the probability
of a given fish being sampled is not a function of time of sampling or
time of tagoing, any uneven distribution of taes due to the Lime of
migration will have no effect,

Chi-square tests were applied to the Lagging and Lag recovery dala
to compare the size distribution of all fish which were tageed with the
size distribution of the samples of tageed fish recovered in fraps al
Clough Dam, Keswick Dam, and Coleman hatehery, and in ereel con-

suses on the ramento River. Combination of the recovery data ob-
tained at all v localities revealed significant discrepancics between
the ahesrvmd ol exvpeetod ndhoee of forored Bole Soe ciisn i i
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corics. Analysis of tag recoveries from efteh lm‘.nllinn_ rc\'.onlcd that unl,\:
Tlm ereel census data exhibited the expeeted dl!-“-{,i‘l'l)iltl.ﬂll of tnp:.‘;. h:..
size groups. Chi-square tests were also Mmade to determine \\;‘noth(.:: or
not fish examined at the four localities showed a cm'ISlsieu‘ }'nlnf 1'11.
Lagrgred to untagged individuals, This was i‘ltl'l'l.l‘ ll‘\‘.lvﬁijl'!!l‘ “ll‘_‘!“'f“‘ l“‘:“
simples against the border (olals, Hinllxln-:tll‘\: ‘ng_fllﬂll'illll l}l.nt"il.'l'l.ilr:
were found in the tag vatios al the Four loealitios during five of
six vears analyzed. Clongh Dam and Coleman hatehery showed lh‘u
least uniform 'lag ratios; usually more tags were ollscr\'cﬂ“tlmll t‘..\;
peeted at Clough Dam and fewer at Coleman hatchery. l.h.usc ld:_:
ratios were istatistieally inconsistent, even though mnn_ml differences
between pereentages of tags in all recovery areas \r:a:md from [I)“I:v
3 pereent in' 1957 to 8 pereent in 1956, and :1\‘(:1'“:):(-(1 5.7 pereent, I’_n.\\:
ever, sampling over a large arvea, as was done in the 9:1('.1':11115'uln 1\1_\ et
system, as well as examination of fish l]tl't'lll,':lltllll. i!m enfire H(‘:'l.‘-:tlll..
would fend to compensate for diserepancies in fag ratios hetween areas
when computing population estimates. _ .

A similar problem of inconsistencey between tag rafios and the dis-
tribution of tags in the recovery samples was noted in the computa-
tion ol Bockeye salmon (Oneorhynchus nerlka) .pupnlnt.lons (IToward,
1948). Chi-square analysis of the sockeye sampling dnm_denum.‘clmlv:}
significant differenees in the tag ratios with vespeet to time. avea, am
sex of fish. ITowever, the over-nll tag ratio gave an accurate measure
of the population. Tn the ease of the sockeye salmon, where the tag
recovery was from dead fish after spawning, the numerous canses of
variations in nmumbers of tags recovered compensated one another, pro-
vided that the sampling was complete with regard to both time and
area. o ekl ]
The 195G-H7 steclhead fagging and tag vecovery datn were sub-
mitted {o both the Schacfer and Petersen methods. The rv.t:u]l}ng popu:
lation estimates were nearly the same. This was not surprising simee,
as was revealed in fabnlation by the Schaefer metlmr]._fhe ]n’falmbﬂn_\'
of a fish heing tageed as well as being recovered 1:cmmncd faivly L'l)ll—'
stant thronghout most of the season and, as previously Slﬂl(‘d; undel
cither of these conditions the Schaefer formula reverts to the Petersen
formula. Because the two procedures produced similar estimates, it was
deeided to abandon the more time-consuming Schaefer .mclhml, pa-
ticularly sinee the population sizes entering the npper river were not
being sought on a time basis. Tustead, a sh::'rl_lt. modllﬁcni!nn uf_ .ﬂm
method proposed by Petersen was adopted. With -ordinary or direet
sampling, when the size of the sample or samples is {ixcd in advancee
or is contralled by fishing suneeess, efe., the l'('llrl'svu formula Ivlld.x" to
over-estimate the true population (Ricker, loc. w!.)._'l‘llorefoyu, the 1_:)]-
Jowing modified Petersen formula 111'11}105(:{1 by l‘:n_ll(‘_\' (1951), ‘\\’imflu
according to Ricker sives an _:llnmﬁt. un'lnn.v.ml estimate, was used to
conpile thy steelhead populations in {his report:

! A (C 1)
Nz__(_+__

It+1
During the six seasons 1953-54 through 1958-59 th  Tult steelhead

population in the upper Saeramento River averaged = 0 fish (‘T'able
DY I the bwn peak sessons of TO5055 mad TO55-06 01 was abont 28000
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Sinee then the population has declined and in 1955-59 it was down Lo
about half that of the peak years. These figures include hatehery as
well as naturally-produced steelliead.

To find out how far the computed steelhead populations might he
expected fo differ from the actual populations, 95 percent confidence
limits, as advocated by Chapman (1948, equation no. 55), were defer-
mined for cach computed population (Table 2).

TABLE 2

Sacramento River Steelhead Population Estimates. The Calculations are for Fish 14 Inches and
Over in Fork Length, Miprating Upstream Past the Mouth of the Feather River

05 peereent
Effective Nuasber of | Nuwsobies of conlidence Jimits
t fish pled | gzees) fish | Nuwberof | _
of fish above the in the fish in the
Season tapged tapging site snmple population | Tower limit | Ugpgwer linit
195354 ... ... 1,45t 882 8% 14,100 10,8050 17,760
1064-56. . . 4,473 2001 156 28,100 26,170 ANK0
19565-50. . ... ... 2,270 3,081 240 28,120 25210 2,070
1050.57. .. ..... 2,082 3.000 N7 18,380 17.481) [RtXTF{}]
WHT-48. ... ... 1.8249 2078 270 19,410 17.420 21,70
|13 50 R 1,745 2,608 aee 10200 12,480 15,040

RELEASES OF MARKED FISH ‘

The releases of marked yearling steelhead were designed primarily
to give returns of sea-run adults which would permit an over-all eval-
uation of the total fish stocked from ecach brood year and also to defer.
mine the size of yearlings released that results in the hest refurns of
adults. Information on the best Lime and locality to stock fish, though
rvecognized as highly desirable, was neceessarily sought only as a see-
ondary objective, principally beeause of the nature of the program and
limited study period.

Sportsmen with limited funds paid steelhead food costs at Coleman
hatelery, A fixed amount was available cach year for this purpose,
Whereas it was practical to make carly releases, it was nol. always
feasible to hold fish for extended periods before stocking, due Lo the
extra food cost. In addition, the hatchery production wis devoled pri-
marily to king salmon. Large numbers of this speeies were held throngh
the summer. Beeause of the limited mumber of outside pouds, holding
large numbers of steellhiead for extended periods would have interfered
with the salmon program.

Egg Sources

AL first, all exgs were taken Trom wild steelhead trapped in DBattde
Creck, Tlowever, later in the study they were also obtained o Batile
Creek from retarning sei-run, hatehery-rearved steelhead. A small per.
centage of the egps was also obtained from steelhead caplured during
the vegular fall-run King salmon trapping operations on the Saera.
mento River at Keswiek Dam. All steelhead were spawned artificially
at Coleman = hery (IWigure 10).
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Mourk 10. Steclhiead apawning oporntlons at Colenin Natlonal Figh Ilatchery, A

Inklng cgs from an anesthetlzed female s B, fertilizing cggs (note Lusged fah) ;€

dipping st spiawncd-out Bgh In o fuoglichile solutlon (malachite greon) before refeasin

it In DButtle Creck. 'hotographs A um}l(,‘"buk.lulm B, Riggs; and I8, by Richard .
allock.



b DEPARTMENT OF FIRII AND GAME

Shortly after the study began there wus some doubt as to whether or
not the smaller fish being captured in Dattle Creek for spatwning pur-
poses had been to sea. To be certain of this point, seales were tiaken and
examined for ocean growth before any fish were used lor spawning.
Only those known to be sea-run fish were spawned. 1'his was done for
the 1954 and 1955 brood years. Adults from subscquent runs were
spawned on the busis of size, since scales I'rom virtually all fish over
21 inches in length showed ocean growth,

Marking

The 1952 brood year steethead were marked in the fall of 1952, sev-
cral months before they were released. This necessitated a re-count. al
the tiwe of planting. fish from most sneceeding brood vears were
marked in the spring, just priov lo release (Iigure 11). Al fish were

Frovee 11, M uz o yearllng steelhamd at Coleman Natlsnal Bish 18 T

A : . N ‘ole 3 B atehery, The

rlght ventral tin s ‘le'n'u cllnnn!. One ()lll'(-l“ 1y slxo wlll e exelszeld o complote the
e [Y T R LY " P e P~

D T B

————-
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anesthetized before being marked. Anestheties used included urethane
(ethyl enrbonate), chloreione (chlorobulanol), and M. 8. 222 (irieaine
methanesalfonale). Most fish were mavked with the aid of M. 8. 222,
Chloretone was used only sparingly dnring one scason. The use of
wrethane was abandoned carly in the study beenuse of its earcinogenie
properties (Woacd, 195G). Bach of the anestheties worked satislactorily.
but M. 8. 222 appeared to eause less marvking loss if the fish were prop-
erly exposed to the anesthetizing solution, Usually about 15 women
were hired caeh year to do the fin elipping. Daving the marking period,
fish were snmpled daily Lor coreectness of marvks. The marks were not
repeated oftener than every other year.
) Grading

Juvenile steelhead were segregated by size at (he hatehery (o promoele
maxinnm growth and (o prevent cannibalism, .\ standard Movton fish
grader, eapable of separating fish into five size entegories simultancously,
was used. Grading was done three times during the period that each
brooad year’s fish remained at the hatehery, They were fivst divided,
about xix weeks alter hatehing, info two groups: one group two inches
and under in length and the other over two inches in length, Tnomid-
sunnmer and usually again in the fall they were graded into four size
groups: under 2} inehes, 23 to 34 inches, 32 to 44 inches, and over 4}
inches. 11 he fish were Faivly aniform in size in the fall, they were
sepiraded at that time into only three size groups instead of four, The
fish were not graded again at the time of marking, exeept for the 1952
broad year fish, which were marked in the fall. The fish to be given
sepireate marks were selected from the previously-graded groups, olien
by combining two or more of the groups conlaining the most nearly
equal-sized individuals, The lish were hand counted and the total weight
of each marked lol was obtained at {he time of release. At the time of
stocking, length measurements were also taken of representative
samples from cach lot marked (1Migure 12).

Numbers Released

During the period 1953 throngh 1958, a total of 1,041,754 steelhead
was marked and released ("I'able 3). Only the 663,240 fish fin-clipped
during (he first four years were marked as part of the evaluation pro-
erant. The remaining 378,514 yearlings were released as pavl of a new
program initiated in 1957 by California Kamlaops, Ine. and Steelhead
Unlimited in cooperation with the Wish and Wikllife Serviee and the
Deparctment. of 1Pish and Game, There was 1o he so eviluation of these
releases, They were marked in 1957 and 1958 to aveid confusion he.
tween hatehory and natueally-produeed fish during the Jast two years
of the evalnation study. Tt was also hoped that some substantiating data
wight be gained from the continned marking, even though the evalu.
ation of velarns would he timiled by Gime.

'

Area of Stocking

In 1953, the first year that steclhead were released, there was only
one size gronp and all fish were given the same mark 1wy were split
into Tour lots and planted in Battle and Mill ereeks i . in the Saera.
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Freuny 12. Iandling marked yearling steethead at Coleminn National 1ish Tialcehery,

A, hand countlng fish; B, measuring fish : C, welghing fish prior to release: D, relens-

Ing fish Into the channel which connects the hatehery holding ands with Battle Crecels.
: Photographs by John E. Riggs.

mento River at Ord Ferry and Princeton (Figure 13). This rather
widespread stocking was earried out to get some idea of what relurns
of adults might be expected from releases of yeavlings subjecied in part,
to the summer ““trout’’ fishery, or at least stocked in the Lrout fishing
area. Creel censuses on the opening day of the 1953 trout season al
Battle and Mill ereeks showed that all of the stocked steelhead had not.
migrated to the sea. Many limits and near limits of marked fish were
taken. Therelore, since the principal evaluation was (o he made on the
basis of adults produced from releases of known numbers of yearlings,
all steellicad planted between 1954 and 1956 were stocked in the Sacra-
mento River at Prinecelon, some 110 miles downstremm From Lhe moulh
of Battle Creek. This is below the general trout fishing area. Very few
vearlings were caught prior to entry into the ocean when liberated
in this portion of the river. During the spring of 1957, when the seeond
cooperative -smortsmen’s steelhcad slocking program was starled,
marked fisl re released in the Sacramento River al Priuceton and
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‘ TABLE 3
Hatchery-Reared Steelhead Released in the Sacramento River System
Number relensend
Aveeage 1 —
Numilwr]  fork Tatal
HT wr feneth | Individual | browd year
Mark! year Piare of relvase Date of release pound | (inche) | eleases teleases
Battle Creck March, 1953 8 ¢G.0 25,00
Mill Creck 7 l:.:.!l!'ﬂ
Ad-ItV 1952 | Sacramento River at Ond Ferry 10 1:.690
Sacramento River ut Prineeton | March & April 1053 f 12,480 .
63,590
A1V 1053 | Suenunenta Wiver at Prineeton | Janvary, 1941 | EX0 l‘-..‘vi(!
113 Murch, 1951 I8 1.8 G238
151,818
! — | — PR PUSppRsapm——g PSR e
Ad-1,V 1051 | Sacramento Wiver at Princeton | January, 1055 7 6.5 46.‘!5'5
Ad-RY Pebruary, 1955 2% 1.3 130,007
137,259
;\d—-IW T December, 1955 G 6.5 li?.ﬂ.’)l
Bv.... 1055. | Sacrwmento River at Princeton | March, 1056 'I,l’l .':? Isl‘:.!gi
- farch, 1950 2 1. 9,755
Ad-LMax ) March, 195 h 2rasi
'I);l,\" e Sacramento Hiver al Princeton | Decomber, 1956 E 7.2 33,177
D-itv Battle Creck January, 1057 7 7.0 20,62
Ad-RY 1956 | & to River at Reddi Jannary, 1957 12 5.9 GE.‘J:B
Ad-LY Mill Creck January, 1067 30 1.3 107,328 -
aMamas || October, 1957 Wl o273 1%
Ad-BBY Decenbier, 1957 7 6.8 J-i,&ll.I
ny 1957 | & 10 iver at Princet January, 1058 12 5.7 5I.':'¥:l.
N-Ad Janmary, 1958 n 4._1‘ ll:ll‘f:'
B il, 1998 [ 7.7 Hik
Ad-LMax ) Apri 8 i 1101
'l‘c;t';ds. S ) N B 100,751 1 11,750

'.-\Imrcrl:ltluusvnm as follows: 10 =darsal; V--ventral; 1o -left; R—rlebt; B—Dbath; Ad-—adipose;  Max
maxillary. .

Redding and alse in Mill and Battle creeks. As jn 1953, catehes of
marked juvenile fish were so great in the upper river system that all
fish released.in 1958 again were stocked at Prineeton.

RETURNS OF SEA-RUN HATCHERY STEELHEAD

Sinee sport fishing for steelhead was permitted below as well as above
the Lrapping area, velurus of seia-run hatehery fish to the upper Sacra-
mento were lowered by an unknown quantity Janded by fishermen iu
the lower river and Delta. No suceessful effort was made lo determine
cither the wmbers of hadehery steclhead in the run, or the landings by
fishermen below the trapping site. Only a minor steelhead sport fishery
exists below the eity of Sacramento, and most of the fish caught are
Janded by striped bass anglers, Ilowever, between Sacramento and the
trapping avea large numbers of steelliead are landed hv sport fishermen,
partienlacly at the mouths of the Awmerican and P 1er Rivers. The
former commercial gill net fishery for salmon in the Lata also took con-



DEPARTMENT OF FISIL AND GAME

Ficunge 13, Releasing snurked stecthend. A, liberating fish in the Sacramento River

at the Princete”

graphs A, by 2

Perry sliip; B, stocking fish in Mill Creck, Tehuma County. Fhoto-
. La Faunce, March, 1154 and B, by John E. ILigys, Marvch, 1558,

——— e
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siderable numbers of steelhead in the Tall, as indiented by lag retnens
and observations. This fishery was abolished at the end of the 1957
scason by the State Legislature.

Since returning fish hearing the sume fin mark were at least (wo years
apart in age, a method of separvating identivally warked sea-run
hatehery fish into their proper brood years was devised. This could have
been accomplished by taking seales Trom the marked fish teapped aud
determining their ages; however, this proeedure would have been rather
time constming. Tnstead, identieally fin-clipped fish were established in
correet. brood years by length measurements, a procedure which almost
climinated (he neeessity of seale veading (Table D). Most of the fin-
clipped steelhead Lrapped in the Jower Sacramento were measured. In
155 identieally marked fish from two brood years (1952 and 1958
returned together from the sea for the fivst time, FPork length measnre-
ments of these fish revealed two distinet size gronps, Through the fol-
lowing years, continued measurements showed that there was practi-
cally no overlap in lengths of identically fin-clipped hatehery steel-
head, so long as the mark was not repeated oftencr than every other
brood year. Among the three- and four-year-old marked fish, however,

- there were'a few whose Tengths were sueh that seales were rvead {o be

certain of the brood year.

The examination of steelhead frapped in the lower Sacramento River
provided only the percentage of the entive run consisting ol hatchery
fish ; the total numbers of hatehery fish in the run were caleulated by
multiplying the total population by the pereentage of marked fish ob-
served in the traps. .

Methods of Presenting Returns

Data on survival of yearling steelhead 1o time of return as sea-run
adulls may be presented in several ways, Pheee methods ave used in this
report : )

The most common method is {o compare the numbers of yearlings
released in a river with the numhers of sea-rum adults returning in
subsequent years to that river. Returns of adults resulting from releases
of vaviously-sized fish provide data on the hest size of fish to stock.
Returns from fish planted at different seasons of the year reveal infor-
mation on the best times fo stock. Tn some instances release of fish at
different Joeations in a river system may provide additional informa-
Lion on stocking loealities which result in the best veturns, There arve,
of course, several eombinations of fish size, and time and place of re-
lease, which makes it diffienlt to separate the dominant factor governing
a partienlar return.

A sceond method is fo compare the numbers of adult steelhead used
for artificial spawning with the numbers of sea-run adults produced.
The retuens permit a simple eomparison between the eflicieney of arti-
ficinl and natural reproduction, it the natural veproduetion rate is
known, '

A third method is to compare the mumbers of steelliead used for
artificial spawning and/or numbers of  yearlings released with the
resulting numbers of sea-run hatchery fish tuken by snalers. The first
two methods show the numbers of sea-run steelhend ; In the popula-
tion by artificial propagation (providing it is not jusi « replacement),

PR Ve v 1
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Lengths of Sea-Run Hatchery Steethead Returning to the Upper Sacramento River. The Length Measurements Were Made of Marked Fish Captured by Trap-
ping in the Sacramento River, One-Half Mile Above its Confluence With the Feather River Near Fremont Weir, and lliustrate the Reliability of Separating

Steelhead From Different Brood Years on the Basis of Length Alone =3
Approxi- Re(ui’ning Sea-Run Steelliead
mate age | Number | Number
at time of | per pound | and length
Brood release | at time of | at time of . . '
Item year Date of release {tmonths) relense release 1953-54 1954-535 1955-36 1956-57 1957-58 1058-39
Ad-RY ... 1952 March and April, 13 8
Number measured. .. 1953 1,114 7 77 11 2
Range (inches)._.. ... ... 3.1-13.7 | 14.4-19.3 | 14.8-25.5 | 20.2-24.8 | 25.0-25.9 k=4
Average fork length (inches) 6.0 16.2 20.0 23.3 25.4 =
Standard deviation..... emaa 2, 1.1 2.2 1.2 0.6 >
ARV __iiiiaciaaean, 1954 | Feb., 1955 1 2 =
Number measured . 3,488 35 04 1 1 =
Range (inches) . _ ... ..o.o.. 1.7.7.9 11.3-16.5 1 13.3-24. 8 7.
Average fork length (inches) 4.3 13.3 19.3 18.4 25.0 =
Standard deviation.._._.... 1.0 1.4 2.4 z
Ad-RYV ... 19565 Jan;, 1957 10.5 12 : -
Numbered measured .. ... 900 12 11 7
Range finches) oo ool 4.4-8.5 12.2-15.9 | 13.7-23.4 =
Average fork length (inchies) 3.9 14.4 19.4 .
Standard deviation_.._..... 0.8 ] 1.0 1.9 Z
AdBV. e 1953 | Jan., 1954 10.5 1 ' | -
Numbered measured....... 495 T4 i 13 2 p
Range finches) ... _..___. 3.813.1 13.1-20.0 ' 16.7-25.8 | 24.9.25.5 =
Average fork length (nches) 8.0 15.7 21.2 23.2 i =
Standard deviation......... 1.7 1.4 2.2 0.1 |
BV, 1935 | Dec.. 1955 9.5 6 '
Numbered mensured....... i 1.027 ! . 221 -46
Range rinches) ... _.._..... 3.0-10.6 1 ) 11.9-19.4 | 17.3-25.5
Average fork length iinches) 6.3 : 15.5 21.3
Standard deviation..._..... 1.3 i 1.3 1.6
i :
Ad-BY o ecaaas 1957 Dee., 1957 10 T !
Numbered measured 830 ! : 12
Range vinches) ... ..... 3.9-10.3 ' 13.0-18.0
Average fork length (inches) 6.8 H 16.0
Standard deviation......... 1.1 i 1.4
—— TR i p—.
-3 1953 March, 1051 13 ! 18 o814 : 120 : 223 s
\' b ed ....... 1 - 2 - -
ii:::-,ee(riﬁ}ﬁf?r. ......... 2.6.8.9 11.6-15.4113.3:24.2 | 19.1.27.1
Average fork length (inches) 4.8 ’ 14.3 ! 122 2.9 7
Standard devistion..o...... . 1.1 d I 2.2 1.8 3 -
|} U 1955  March, 1036 13 10 026 ; - » 2]
N 2.02 . [E
Rombered mepsured..- 0.9.3 | 11.3-16.5 | 15.6-24.6 | 20.7-21.3 -2
Range (inches) .o .oo.oouo 3.0-9. 20.8 2.0 =
Average fork length (inches) | . 5.8 14.1 Ve -;-_. —
Standard deviation......... 1.2 . 1.0 . .7 z
=
| -3 R J 1957 Jan., 1038 i1 12 10 2
Numbered measured. . _.... 1.198~ 12.096.3 =
Range (inches)o........ F 3.2-8.7 "4 3 =3
Average fork length (inches) 3.7 1.; A
Standard deviation....._.... . 0.9 . =
Ad LY e rceaaee 1954 Jan., 1933 11 7 2:
3 .- 1,200 242 120 7 =
ﬁ:.’.‘;ﬁ?ﬁ.‘iﬁ’l:?f‘f'ﬁd.:::::_. 3.5-11.6 | 11.6-20.5 | 15.2-26.1 | 20.1-25.7 =
Average fork length (inches) 6.8 15.0 21.7 2:2 0
Standard deviation......... 1.4 1.6 1.9 - =
FYN A 1956 Jan,, 1957 u 30 250 5 18 g
Numbered measured.._.... 190 - =
Runge (inches) .. oo ooona 2.5-5.9 ! 12 .12-13.2 h.lﬁs-’(: 1 54
Average fork length (inclhes) 4.3 H 0'1 14 =
Standard deviation......... ] 0.7 ! i . =
| -
AdLMaXe e iidaaoa 1933  March, 1936 13 22 1216 | . 16 ” Z
Y " Ja o - <
'\lm-"';e:iendclx‘:;s ured 2.7.7.8 i 11.6-13.5 | 16.7-24.8 | 18.5-19.9  Z
5 il Grches) 1.6 12.6 20.1 19.2 Z
age fork lenth (inches) . ' a 1.0 <
v .wodard deviation...oco... 1.0 0.9 2.1 . =
EU B R 2 1957 Apr., 1958 11 6 ' g
Numbered measured 285 ! =]
Range (inches) . o.oa_ ... 3.9-10.1 =
Average fork length (inches) .3
Standard deviation......... 1.2 :

3
»
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TABLE 5 SJC-438

Returns of Sea-Run, Hatchery Steelhead to the Upper Sacramento River System, Showing Numbers of Yearli
Chronological Order, and Calcutated Percentages and TotalzNumherssnf l\(l(:sal{sl ';’gru':i%tcce": " Flsh Released, Arranged in

'
we
Pereentages and numbers of returns by seasons Total returns
1
: 1953.54 195435 1953-56 1956-5¢7 195758 193839 No. o
Average | Approxi- .
No. fork niate ; !
\fark 1 Place of Date of per length age No. : : By b:gi\l
Mar year release release pound | (inches) | (months) | released | No. T | Noo| % | Noo| | Noo| No. | % i Xu. b mark | year
] ;
Ad-RV ¢ 1932 | Sac. River | Mar. and S 6.0 13 63,500 | 108 [ §2{a 5 : - g
| Bato e | . ane , OGi s 233} 1251020 | oo | .| .. e e |2emfazf g2 B
! il Ce. ! ; =
! : S
Ad-BV 1953 ; Sac. River | Jan., 1954 4 8.0 ;| 65 31 5.37 - . =
- ol - . '3 4 e e s s ]aga! njoar| L L. L 5%
BY [ 1955 | Sac. River | Mar., 1954 18 N R I 0.33 208 | 1m | 20 ]ons| | C ol P-4 B B g
Ad-LV | 1951 Zac. River | Jan.. 1933 H 6.8 11 106050 - arin ] 2 0e | =1 . =
AGRY Q1034 See B - =32 .- e} .- - 12350 0 5.0 | T12 | 154 69| 0.13 .- 133 ast o2 [}
13 1 1954 | Zac. River | Feb., 1953 2 1.3 11 i 131007 . RO N P91 j0.06] 526 0.40 10{00n" o001 83| 0.3 =
ALBY 1085 s River | Dev. 1955 G 5] Otsy onest] L. T - P =
B‘\]'L“ 1085 , Zac. River  Mar.. 1056 10 Y i O S ';ﬁ :,’3‘-’ ,ﬁg 3'9; b 33‘: {‘-’fg fi R
ax . 1935 | 3ac. Pl\'ﬂ] Mar., 1956 n 1.6 13 59,033 . et eey ! .- - . . 159 1 0,27 15 0.02) 17403 ..
-
Totals | 1 663.240 | 404 2318 | 5.223 3.205 1501 Cosr 13.055 z
Averages - i =
fa8 | o i 20! 20 2
D-LY 1956 ' Sac. River | Der. 1056 ol ral g . TP — z
DRV 1955 Baccle Cr. | Jan, 1087 : | 0 s = SR O R R - R BRI
Ad-RV 1955 Sas, River i Jan.. 1057 12 5.0 L. - ) RS \?, ! " b3 . ':".’4 R B B
AdeLY 1985 Mt €Cr. ¢ Jan., 1087 30! 1.3 T : I R R ! St bt :.‘ﬂ e e
AdRMax 1057 Sar River Oct. 1957 | s 23 - -
ABY 3057 . 3an River | Dec. 1057 7 6.8 10 ! . T i : T P -
By 1637 230 River - Jan. 1038 2 S T ! N S . N
D-ad 1957 Soo River | Jan. 1955 ! 2 i 1 | JO R I S SR B BRI
AdeLMax 1837 23e, Biver ; Apr. 1958 | _":;' 14 - ! ': i - ' R - .- .- - b -..osl e d e --
Tot ] ' : - —_— —_— t : —
otals ! ! §arssi Poob ;1,035 i3 i ;
Grand . : ; ' _.—'_l' l ' — i i
totals : ; i ! ! 1041754 | 404 12313 5213 3,203 12,876 42 i !
: . | I 7 | |
TABLE 6
Returns of Sea-Run Hatchery Steelhead to the Upper Sacramento River System, Showing Numbers of Yearling Hatchery Fish Released, Grouped %,
into Two General Size Categories, and Calculated Percentages of Adults Produced 2
£
Percentags returns ?;
Average ~
Number] fork ; =
Brood, per length | Number] First | Second | Third Fuurth =
Mark year Place of rclcase Date of release pound | (inches) | released | year year year vear Total =
3
Fish larger than 10 jer pound ' =
Ad-RV e iaaae 1932 | Sacramento River | Mar. & Apr. 1933 § 6.0 | 63,590 0.64 2.33 0.20 0.021]3.2 I
Battle Creek ]
Mill Creek . £
1953 | Sacramento River | Jan,, 1954 4 8.0} 6.570 5.37 2.42 0.17 . -- | 8-0 averane 4.0 =
1954 | Sacrawento River | Jan.. 1935 v G.8 ] 16,252 5.08 1.54 0.15 -} 6.8 £
1935 | Sacramento River | Dee., 1955 (1} 6.5 67.651 1.70 0.68 0.02 ° .24 N
193G | Sacramento River | Dec., 1956 G 7.2 32,177 2,44 0.59 -- .e .- E:
1956 | Battle Creck Jan., 1957 7 7.0 | 26,629 0.63 0.34 -- O R <]
1957 | Sacramento River | Dee,, 1937 7 6.8 | 33,531 0.25 -- -- R =
AdeLMax..ooooo........ 1957 | Sacramento River | Apr., 1958 1} 7.3 4,613 “e -- .. -] -- =
P
Fish 10 per pound und sinaller <
BV 1953 | Sucrumento River | Mar., 1954 18 1.8 | 145,278 |  0.33 1.71 0.17 ..} 2.2 =
1934 | Sucramento River | Feb., 1955 20 4.3 | 131,007 0.06 .40 . =10.5 average1.2 [t
1955 | Sacramento River | Mar,, 1936 10 5.8 | 43,137 0.37 0.79 0.02 .-l 12 4
1955 | Sacramento River | Mar., 1956 a2 4.6 | 9,735 - n.27 0.02 .03 3
=
1936 | Sscramento River | Jan., 1957 12 3.00 60979 | 0.13] 0.5 .. I =
1956 | Mill Ceeck Jan., 1957 30 4.3 {107,328 .- 0.12 .- .. . -3
. 1957 | Sacramento River | Oct., 1957 S 2.7 | 18285 - -- .- . 3
1957 | Sacramento River | Jan,, 1938 12 3.7 1 34248 0.08 .. .. . . &
1957 | Sacrumento River | Jan., 1958 o2 4.4 | 10,727 0.06 .. .- e .. -3

* The computed

total fish were 10 in the 3rd year and T in the 4th year, making the calculated percentages zero, when carrled out to only 2 decime!s.
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fore their seaward migration, returns of adulls were not expected to Sg3es | o - .
approach those from equal-sized fish planted during the three follow- .gg;gg 35‘22 @
ing seasons helow the trout fishing area at Princeton. 2elzk
Additional unaccountable differences also exist in vreturns of adults -
from some gronps ol fish released at Princeton. Returns From the 1955 ‘ 3¢ g v
brood year fish, for example, were considerably lower (han from the . KE =3
previous three brood years. Part of the 1955 brood year fish were ! £
stocked just prior to floods in the Saermmento River, The relationship cerg|r [z=]sla
between fish release times and flonds in (he Saeramento River was . 2 N R e
studied, A clear-cut correlation hefween Limes when steclhed  were =
stocked, flooding in the river and in the several hypasses, aud laler
returns of adults was not evident. 1lowever, the fish released in De- . | CORE|Z 18 1|8
cember, 1955, were stoeked inmediately prior to a period of extreme ] = = =]«
flooding and did return fewer adults than were experted, Although =
not conelusive, the cevidenee at hand suggests {hat. considerable losses s —owe | = -
may oceur when yearlings ave liberated during periods of high walter. .5 5 N §°; 5
In any event, the evidence is sufficient to withhold stocking of fish at ER 5 2 )
such times, at least until facts are gained to the contrary. agsfl £
Comparisons between returns from several of the releases of marked B4 g _| 853 |8 5
fish are not feasible, since two varinbles exist: planting time and size . =3 K 2 Ta% |3 &
of fish. The two best returns were from fish planted in January, and ' & % -
one of these groups consisted of the largest. fish planted. Phnts From S > - , . "
December through Mareh appear to give satisfactory returng bul. more 2~ x| 58 = z
tests are needed to be certain of the hest month in which to release S 2 21 - ™ "
steelhead. ~ 88 — —h
f w = -
Comparison Between Adulls Spawned and Returning Sea-run Adults . § g S 2 S 3 E
) &
During the first four years, 458 females were used Tor artificial B §§ =
spawning purposes. As previously stafed, 13,005 sea-run adult returns 2s 2 cwonls Tooisis
were subsequently produced, or 28 sea-run adulls in the runs for each 2L ET | 8283 |8 (58|38
female used for artificial spawning (Table 7). Sinee {he number of 22 '§§ 8RR [8 [H3 (R z
males used at the hatchery for artificial spawning was only slighily s 2 ~E =
less than the number of females, there were 15 steclhead returns fov £ zzag e |zszls
cach fish spawned at the hatchery. ‘ 8 < 85 | 2xE3|% [231%](A
The natuval populations of steelliend in the Sacramenio River flne. 2 We | 2ES% 8 IRF 22
tuated considerably duving the study (Table 2). However, sinee the g © —a
runs are barvely holding their own, it is obvious that natural veprodue- 2 =T | 28333 |85(Z|¢®
Lion is on the order of 3 to 1. That is, for each adult another adult. will 3 ) =
be produeed. Thus, hatehery production of sea-run steelhead, based &
on all sizes of yearlings released from an average hrood year, is roughly s | zg22l2 |=z=zlz|=
15 times greater than natural production. Phis, of conrse, applies only £E | o222 |5 [E& (%3
to the limited wanber of steelhiead handlel at. Coleman hadehery during & ]
the study. A greatly inereased steclhend population eonld he expesied " _
to result in lower snrvival rates of hoth hateliery and wild fish, At {he | R&EeB|s |24z
existing population levels it does nol seem likely thal any serious de- ; R -
pressivge of the suevival rate of wild fish thraswghont The upper Soaern :
menlo River system eondd have heen eansed by the planting of hatehery TV ) s
fish in the numbers used in this projeet, % SRR I -
The average female steelhead spawned al. Colenan hatehery yielded - N 2
2,808 cgas @ “ng the first four years of the study. This is not an indi- ) § SRR gl
. . . e 2 =y
cation of 2= ge feeundity, sinee wany smaller fish were not used. ' & gz2a S2|E8
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Although an average over-all 2 pereent survival from ycarling o sea-
run adult was obtained, the survival from egg to returning adult was
only 1 pereent.

Distribution of Sea-run Haichery Steelhead

It is of interest to note the spawning  distribution ol returning
hatchery-reared steelhead released in the Sacrumento Liver al Prinee-
ton. These fish were nainly of Baitle Creck stoek, all renred al Cole-
man hatehery on Battle Creek, but, released 110 miles downstremmn from
the mouth of Batlle Creek. Adults atiributable to the Princelon plants
returned for spawning purposes in significant numbers 1o Battle Crock,
the parent stream, but at the same time dispersed  considerably
throughout the upper Sacramento River system.

During the 1955-56 season, 18 pereent of all steelhend migrating
into the Sacramento River were hatehery fish stocked al Princeton.
However, after these same fish had distributed themselves amony the
tributaries, 27 pereent of the steelhead in Battle Creek and only 2 per-
cent of those in Mill Creek were hatchery fish. In the 1956-57 sCiLsON,
when the total run included 17 percent hatehery fish, a similare patiern
was followed. The steellicad in Battle Creek consisted of 37 pereent
hatchery fish, while the Mill Creek run again ineluded only 2 pereent
hatchery fish, Therefore, by stocking yearling steelhead al Princeton
(below the general trout fishing area) during the normal migralion
period of wild fish, sufficient returns were obtained at (he hatehery on
Battle Creck to continue a moderale artificial “stocking program; at %
the same time, there was some nalural dispersion of adulis throughout, )
the upper Sacramento River system. :

U

GROWTH IN LENGTH OF HATCHERY STEELHEAD

The wide range of lengths found in hatehery fish prior 1o their ve-
lease, and again when they were recaptured during subsequent seasons
as sea-run adults, indicates that growth rate was quite variable (Table
8). The data presented on growth in length of marked steelhen inelude
only lengths obtained at the time of release (at about. one year of age)
and when trapped in the Sacramento River near the mouth of the
Feather River during the fall of suceeeding years, Calenlated lengths,
based on scale measurements at the end of the several years of ile, are
not included. Thus, the determined length increments show only ap-
proximate annual growth. A comparison of lengihs of tageed fish al,
the time of tagging and at time of recapture in Jannary af Mill Creck
Counting Station shows that they continued to grow during the spawn-
ing igration. On the average, steelhead tagged n the Fall inereased
three-fourths of an inch by the end of Januvary, which approximates
the end of a year of life, af least insolar as the growing scason js
concerned. .

The greatest length inerement, generally took place in the seeond year
of life, during the first sunmer after relense. A comparison between
sizes of fish when released and alter the second summer'’s growth shows
that in only one instance did group of fish fail Lo more than double
in length d“ng the second year. The length inerement of tish botl
larger and tler than 10 to the pound when stocked was approxi-
mately the sume during their second year, averaging abont nine inches.
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TABLE 8

Average Fork Lengths and Approximate Annual Length Increments of Hatchery-Reared Steelhead,
in Two General Size Categories, Refeased in the Upper Sacramento River System
and Captured by Trapping in Whe Sacramento River One-Half Mile Above
Its Confluence With the Feather River *

Number [ Number
per nd
porttul | length Year of life
ul tite | at (e e
Hrood of of
Cutegory and lot year relense | release 2 3 4 1]
Fish 10 per pound and smaller
Ad-LY ; 1056 30
Number meanured . 750 5 18
Avernge fork length (incles) . _ .. 4.3 12.7 18.0
Standurd devintion___..__.__._. 0.7 0.5 1.4
Growth increment (inehes) . ___ 8.4 5.3
ARV e, 1964 20
Nuwmber measured. .o .. 3,168 35 04 1 1
Average fork length (inches) _ | 4.3 13.3 10.3 18.4 25.0
Standard devintion______ ... 1.0 1.4 2.4
Crowth inerement (inches). .. 0.0 6.0
DAdL i, 1957 @22
Number measmred . ... .. . GO0 a
Aveengo fork Jength (inehes) 1.4 16.8
Standurd devintion. ... ... .. 0.8 1.6
Growth increment (inehes) .. . 12.4
Ad-bMnxoo oo oL 1055 a2
Number mewsared ... 120G 5 16 ,
Averige fork length Gunelies) - ., 4.6 12.6 20.1 .2
Staundard devintion___ 1.0 a.9 2.1 0
Growth incremont (inchies). . . 8.0 7.5
BY e 1953 18
Nusuber mensured. . - 2,844 120 223 14
Avernge fork length (inches) ... 1.8 14,3 19.9 22.9
Standard devintion, ... ... . 1.1 1.2 2.2 1.8
Growth inerement (inches). . ___. 9.5 5.6 3.0
BY,.eeeaa.. Feemiemciicraeaann 1957 12
Number weasured . . 1,108 10
Avernge fork length 5.7 14.5
Standnrd devintion 0.9 1.3
Growth inerement 8.8
1056 12
a0n 12 41
&H.0 4.4 .4
cee 0.8 1.0 1.0
Growth increment (inehes) .. ... 8.5 5.0
BY e 1955 10
Number mensured . . 2,02 | 173 114 1
Average fork length (ine 5.8 14.1 20.8 22.0
Standnrd devintion. ... ... 1.2 1.0 1.6 1.7
Crowith in wntb (inehes) . 8.3 0.7 1.2
Averngo growth imerenats Gt LU | .0 2.1
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TABLE 8—Continued

Average Fork Lengths and Approximate Annual Length Increments of Hatchery-Reared Steelhead,
in Two General Size Categories, Released in the Upper Sacramento Rives System
and Captured by Trapping in the Sacramento River One-Half Mile Above
Its Confluence With the Feather River *

Nutnbier { Number
per il
tresnne] benpet Yenr of liln
ad Livee | at, Bigaan
Nrod uf of
Cutegory nod lot yenr vebeuse | release 2 M3 4 ’ 5

Fish larger than 10 per pound .
Ad-RV -ee] 1932 R

Nutalier mensuers eeee [ MR EY 17 277 ] 2

Averure fork length finches)_ . . 6.0 6.2 P KX 2501

Standard devintion_ ... ___. 2.0 1.1 2.2 . 0.6

Growth increment (inclies). .. 10.2 3.8 2.1
Ad-LV_ .. 19514 7

Numwber measured _ _ 1200 | 242 126 7

Avernge fork length ( . 6.8 15.6 2.7 RIN(

Stamdnrd devintion. _______ ... 1.4 1.6 1.4 1.9

Growth increment (inches). .. ... R.8 6.1 2.4
ABY .. 19057 7

Number measured. . ... ) 2

Averuge fork lemeth (inclies) . _ 6.8 16.4

Standard devintion..______ ...

Growth increment (inches) . Y
DRV . 195G 7

Number mensused . oo ... A58 ) 12

Average fork length (inehes) . 7.0 15.1 )T

Standnrd devintion. ... __. ... 1.2 1.3 1.7

Growth inerement (inches)_____ 8.4 5.8
Ad-nv. o0 1955 [H

Nuwtaber mennnred | 1,027 pUH | i ¢

Averuge fork bemeth (inches) . ... 6.5 5.8 2.4 2.6

Btandard devintion.......__ ... 1.3 K] 1.6 1.4

Growth increment (inches). ____. Wy ) 2.
| D P I )

Number measured ... . . .._. ICH] 70 25

Average fork length (inehes) - _ . 7.2 16,1 2050

Standard devintion_ ..., . 1.2 (.1 1.9

CGrowth increment (inehes). ..., 8.0 5.4
Ad-BV_ ... 1953 4

Number mensured. . .oooo ... gl el K] 2

Average fork length (inches). ___ 8.0 15.7 202 25.2

Stundurd devintion_o...._ .. 1.7 . 2.2 .1

Growth increment (inches). 7.7 5.5 4.1
Averuge growth jncrements (inches) 8.9 5.8 00 o1

* The anmual growth Inerements are appraxliate, sinee all measmements were madde durlng e fall, Infure

the ead of & year of life,
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Growth was not as rapid during the third yvear of life, and there was
a tendeney at this age Tor the fish which were small when stocked to
#row more than those released at the larger sizes. The growth rate de-
creased during the Ffourth year of life, The small nmmber of hatehery
fisle enplaeed during (heir G5 year of Tife preeluded a veliable estimate
of growth at that age, although the lenglh inerement appears 1o be
sall, :
RESIDENT TROUT

A comparison was made cach season belween the vatios of marked to
ummarked steelbead migrating upstream past the mouth of the Feather
River and fish eaught in the upper Sacramento. 14 was anticipated that
if a resident population over 14 inches in length existed in the upper
river, or il there were many steelhead in this size citegory which had
nol yel migrated fo sea, the dilution cansed by these fish would be
sufficient to effect a noticeable decrease in the mavked fish ratio in the
upper river. During the five seasons, 1954 through 1959, ereel censuses
showed that the over-all ratio of mavked fish, including only steelhead
T+ inehes and over in length, was higher al. the Lrapping site than in the
upper viver. The pereentage difference between the two arcas varied
from 2 peicent in 1954 to 7 percent in 1936, indicating that a sizable
population of tront exists in the upper river during some years, in
addition to those which come in from the sea. When the ratios of indi-
vidual fin marks were compared between the two areas, again including
only fish 14 inches and over in fength, it was found that significant
differences genevally ocenreed only among gronps in which the steelhead
were smaller than 20 inches, indieating that the trout which did not
migrate to sea during a particular season and any resident fish were
principally between 14 and 20 inehes in length. Their numbers were
generally ininverse proportion to their lengths, There are, in addition,
considerable but unknown nuwmbers of trout under 14 inehes in length
in the upper river at all times.

COSTS OF SEA-RUN HATCHERY STEELHEAD IN THE RIVER

The returns of sea-run adults rom hatehery production have been
presented in preeeding seetions withowt, vegard fo hatehery production
costs. To properly evaluate artificial stocking ol migrant-sized steelhead
it is desirable to know not only returns in terms of numbers of adult
fish but also costs of producing vearlings and returning sea-run adults,

The average cost of producing a vearling steelbea, ineluding ex-
penditiures associated with {aking cees, reaving, and stocking, varied
I'rom 3 cents Lo 18 cents, with an over-all average ol G eents during
the four-year study (Table 9). Thoese figures inelude all rearing costs
exeept capital investiment ad eapital improvements at the hatchery,
and administrative overhead, They do not inelude costs of mavking or
of evaluating refurns, Generally speaking, the Lireer the yearlings are
when released, the more it costs, per lish, 1o produce them., Costs of
rearing yearling steelhead at Coleman hatehery eompare favorably with
costs of rearing catehablesized rainhow trout, (o the same size al Cali-
fornia Department of Fish aud Game hatcheries. Dur:  the fiseal Year
1955-56 for example, the average cost to rear and st atehable-sized
rainbow trout weighing six to the pound was 13.6 conts each {(Macklin
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Types of Fishing

Steelhead ave canght in the upper Sacrimentn by a variety ol fishing
techniques, which vary with the season and other faclors. )

During Qctober, November, and ])('ccnll).nr, when I:lll-rnn _Iung
salmon are spawning, steelhead congregate with the s:n}mn_n on .Nﬂl(-s,
both in the main Sacramento and its tribularies. Examination of stecl-
head stomachs taken al rifes on which salmon are aclively spawning
usually reveals a good quantity of eges, and il fishermen ave present
often both Tresh and cured cgus. AL other times, the stomach conlenls
consist of salmon eggs in varions stages ol development, wl_m-ln were
probably dug up by one salmon exeavaling a nest on lop of another.
There is no evidenee to indieate that steelhead dig up a salmon nest for
food. In addition, the steelhiead themselves do not prepare nests on lop
of salmon nests in the fall, since they do not spawn at. that fime. 1L is
not known whether or not the steelhead actually rob a sitlmon nest by
darting in and grabbing unattended cggs, but it is thought that most
eggs are picked up after they drift outl of the nest, sinee most steethed
are hooked beliind spawning sulinon,

Although Shapovaloy and Talt (1954) report thal adult steellicad do
not commonly feed during their spawning migration in coaslal streams,
those in the Sacramento River definitely do, There is evidence that they
continue to eal until the time of spawning in the Sacramento, sinee at
Coleman hachery adult steclhead trapped in Battle Creek and placed
in holding ponds continue to feed on salmon roe up to the time they arve
spawned artificially and relensed, . o ‘

When salion are actively spawning, steelhead in the vicinily strike
voraciously at almost any small object, especially one vesembling a
salmon egg, which drifts through the nests. Under these conditions
most fish are hooked by drifting single salmon epris and .\':llllll!ll roe
clusters through the rififes (Figure 14). Several artificial luces which re-
semble salmon eggs have also been developed and are increasing in

Fiouni 14, & nshing for steclhead on Olun Riflle in the S mento River, near

Wed Riuff, Creel chieeka showed thut over 100 sleclhend wire I: 'l'tlnlll.l' lh'l.u rittle In
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popudarity among Sacramente River anglers. One type ulilizes a batl
ol red fluorescent yarn tied to the hook (glow bug), and another is
mirde by attaching a small, spherieal picee of red sponge rubber to the
hook. .

Many steelhead and salmon also congregate near the mouths of tribu-
tavy streams, awaiting snitable flow conditions belore aseending the
erecks. Steethead arve caught by several methads of fishing in these
places. AL the mouth of Deer Creck, for example, drilting with single
eaas is the predominant method, while at the mouth of Milt Creck still
fishing with salmon roe clusters and casting with metallie artificial
lures ave the most popular methods.

When the fall-vun salmon have completed their spawning, steellhead
become searce on riflles in the Sacramento. However, many steelhead
then seek their own spawning aveas in tributary steeams. By January
ol cach year, most steelhead fishing has shifted (o the teibutary stremuws.
Most ol the steelhend landed durving this latter part of the fishing
season ju the teibutaries ave enught by drifting single epgs and casting
artificial metallie Iures.

' Fishing Gear

Spinning equipment is the fishing gear most commonly emploved. A
rod G to 74 feet long is preferred by most fishermen, The line is gener-
ally monofilament nylon of 6- to 8-pound test, with S-pound line being
Uhe most common. Most types of spinning reels on (he market today
have been observed al one Lime or another on the Saeramento; however,
those with a full bail line pickup predominate, Fly vods and reels ave
rarely used.

Mauy fishermen tie the hook or lure direetly to the line, while others
altach a leader of lower breaking strength than the line, to insure mini-
i Joss ol Jine should the hook or Jure beeome snagged. At times when
the water is especially elear, a thin leader is used. Sinkers are some-
lintes attached direetly to the line or leader, especially when split shot
is used. Many anglers prefer a peneil sinker and attach it to the line
through the use of a small swivel or a drop loop in the line itself.
Qccasionally, anglers attach a weight 1o the line in such a way that it
is free to slide along the line to a desired distance from the hook. This
“sliding sinker’” arvangement is more commonly used by those who
“still fish”’ than by those who drift their bait through the water. In
any event, in drift fishing the weight is small enough so that it will keep
bouneing along the bottom until the line has straightened out, down-
stream from the angler. In this way the fisherman can drift his bait
down the entire length of the rifile, only a few inches off the bottom,

Fishing Access

Most Iand hordering the upper Sacenmento River is privately owned.
However, many lind owners permil. anglers (o eross theje properly fo
reach the steelbead fishing riftles. Tn (hese instanees (he fishing ureas
are usually but a short walle from the end of a road. Other riflles may
be reached anly by boat or by walking a considerable distance. During
the study period, there was a tremendous inerense in *“n numbers of
boats used by steelhead anglers, One of the big pro s of a boat
owner is that of finding a suitable launching site in the .cea where he

PR N b ’
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Game, through the Wildlife Conservation Board, has installed several 3
conerete boat launching ramps and automobile parking areas al key £33 (i9toatomaang S
points along the upper Sacramento. These ramps are waintained by o | SHEC - Al -
the county in which they are located. Those installed 1o date (June, a§ =
1960) are located at Redding, Balls Ferry, Bend, Red Bull, and Vina, 2| E=z INgssenNsnoR | =
Practically all land bordering the tributary streams is also privately €Y SEFEFRITTTTNR
owned and, as on the Sacramento, fishing aceess is permitted by many noe
land owners. In the tributaries anglers do almosi no hoating hul some- R
times walk considerable dislances adong (he erecks, . E“ijé IR e e ey e D
g o 2:3 c—'?—"?lﬂt‘la:— =4 §
STEELHEAD SPORT CATCH S | 2
The steelhicad sport cateh cach season was determined by dividing :':" =1 Esz rergzuggRan e |
the munber of Lags sent in by the Teaction of the total ran known (o = ':3?_.5 ZareT 2
have been tagged. This quotient would obviously be a mininnnn figure = ~ "
for total landings, unless some correction were made for the number < s ’
of tags 1aken from steelhead but not returned fo the Department of . & §°% anTasaensaaf)e
Fish and Game. An estimate of nonrelurn of {aes thus hecomes an .2 % gat TEmnememme~ |8
essential element in computing total cateh, when using the method S 8 =
deseribed lerein. However, since a measure of nonreturn is purely 28| 2| 5s2 iisecgunaggez|e |
an estimate based on human behavior, it is believed desivable to fiest Ss L RAGRRE™"T <18
present the minimum cateh statisties derived from actual tag refurns, @ = #°°
and then show the same data corrected by percentages of nonrelurn, ] R
The numbers of hatchery fish in the eatech and their costs, hased on 2L £S5 =
different pereentages of nonreturn ol tags, are shown in the seelion B2l 5 §§§ ES
on ‘‘Nonreturn of Tags, and Adjusted Catch and Cost IMigures’’. =z ; § -
w 9 = - 1Y
Numbers of Steelhead Landed, Based Upon Uncorrected Tag Returns § g ; - éfg;.:. 2
] = e
On the basis of actual tag returns bhetween 1953 and 1954, anglers i =2 ZEC *
landed an average of about 6,100 steelhead each scason in the npper 2= Bt ek
Sacramente River system, or close to 30 percent of the entire run, € e %‘55 immoscconnan 1| o
The catch has varied from 20.1 percent of the run in 195361 1o 36.5 S=l .| 558 Swrigesss~~c '|g
pereent in 1958-59 (Table 11). About 70 pereent of the steclhead | 2 _fﬁ_,__ Tl
landed [rom each annual run are caught in October and November, =5 é T 00 O e ap 00 00 1 e b N
Thus, the best steelliead fishing has usually passed each season in the 2 {;ﬁf; a $E§853"22" 1z
Sacramento before it commences in many of California’s coastal @ 2358 e 3
streams, é ‘ .
&
Numbers of Sea-run Haichery Steelhead Landed and Their Cost = §°% rieeaenan it s
in the Creel, Based Upon Uncorrected Tag Returns & z| £9°8 - g
E -
The numbers of hatechery-reared steelhead appearing in anglers” 8 § - g
ereels cach season were determined by multiplying the computed num- e Tl 288 | ‘'88832R° R B
bers of sea-run hatchery fish in the total population by the raction s ;.j's% == N
of the run caught. It is assumed that hatchery fish are eaught as read- = e IR SR
ily as wild fish and that they are taken in approximalely the same ' RS N I
proportions in which they appear in the population. Chi-squire analysis i R I N
of the tagging and ereel census data shows thal these assumptions are ! A
valid. ; R R R ERTIBEE:
1t is also obvious that since the pereentage of the run canghl is hased f 2 R 2 ]
upon tag re:vrns, a measurement of nonreturn of tags also plays an : g' 3'; MR IR
important in determining total numbers of sea-run hatchery fish E'ég.'g §'§. L ERREEI H
in the cate  ad their costs. Whereas the total eateh would be a bave rE2838 53 £S5 §
S2HOZQIER =~ | =
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minimum figure without eorrection for nonreturn of (ags, costs of pui-
ting sea-run hatchery steelliead in the run and in the ereel woull be
maximum figures, since they increase as the nnmbers of fish decerease.
Of 663,240 yearlings relcased during the study, 3,882 eventually
ended up in anglers’ erecls as sea-run steelliend (Table 12), Thus,
with a 2 percent return to the upper Sacramento of the yearlings re-
leased, on an average ahout 0.6 percent Lound their way into an angler’s
ereel. Dividing the total cost of producing the yearlings released by
the total adults put in ereels as a vesull of hese released (ish, on the
average it cost $10 (o put hatehery steelhead in the ercel (Table 12).
As previously stated, retneng of sea-run hatchery fish (o (he upper
Saeramento from the 1955 brood year fish were much Jower than for
those from the three previous years. Tr returns (o the ereel from only
the 1952, 1953, and 1954 brood Yeurs are used, the average cost of
putting a sea-run steclhead in the cereel was $7.48, instead of $10,

Noareturn of Tags, and Adjusied Catch and Cost Figures

The importance of measuring nonretnrn of steeihend tags has al-
ready been pointed oul. Tlowever, in this study the main offort was
concentrated on getting all tags back, by offering a chanee to win a
valuable prize for cach tag returned, rather than on measuring the
degree of nonreturn, Nevertheless, it is believed that sufficient infor-
mation is on hand to make a fairly reliable estimate of nonreturn
of tags. .

In 1954 an indireet effort to et some idea regarding numbers of
tags taken from sleclhead hy sportsmen bul. not sent in was made by
offering $500 in prizes for the refurn of tags. No awards had been made
during the 1953 season. The prizes were awarded af a drawing for all
lar monbers returned, and theoretically the more tags senl in hy an
angler, the greater would be his chances of winning. Although there
was a significant inerease in tag retnrns during 1954, it was impossible
to differentiate that portion representing an actual inerease in fishing
pressure and in the eatech from that indicating nonreturn. Also, other
factors were involved, including a better understanding of -the pro-
gram by sportsmen in 1954, which no doubt led to greater returns.

During 1955, a more direet altempt to determine nonveturn was
made at the time anglers were being interviewed during eieel cen-
suses. However, the data gathered were not considered entirely reliable
hecause of the reluctance of many sportsmen to admit readily (hat they
had previously failed to send in tags. ;

In the striped bass fishery of the Sacramento-San Joaguin Delta, a
measurement of nonreturn of tags was determined by using comparable
quantitics of $5.00 reward and nonrewnrd tags during the smne season
(Chadwiek, 1960). 1t was found that about 45 pereent of -the non-
reward tags taken by sportsmen from striped bass were nol, sent in.
This method of evaluation assumes that, the $5.00 reward s incenlive
enough to assure the return of all reward tags taken, or at least, enough
to reduce to insignificance any error in resulling ealeulations. Huowever,
it is believed by the writers that this method tends Lo overestimale non-
return, espe -y after anglers understand that there atre two types of
tags out, ! ctually discouraging the return of {ags for which no

TABLE 12

the Creel. Annual Landings

One in

ing

, and the Average Cost of Putt
All Fish Aie-14 Inches and Over in Fork Length

Upper Sacramento River Sport Catch of Sea-Run Hatchery Steelhead
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Are Based on Actual Tag Returns.
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money is received. This would abnormally widen the gap between
returns of $5.00 reward tags and those of no cash value.

During the steelhead study, including the 1954 season and each year
thereafter until its coneclusion, an annual tag drawing was held for
nearly $500 in eash and merchandise prizes offered by sportsmen’s
organizations, fishing resorts, and sporting goods stores for tags re-
turned to the Departiment of Iish aud Game (Figure 15). Under this
plan it was, of course, advantageons Lo return all tags, in order to have
each tagr number registered for the deawing, Considerable publicity was
given the prize drawing and study program each scason through loeal

Ficunre 15. ‘h annunl steelhead tag drawing. The tag drawlingy were sponsored
Jointly by - ornla Kmmloops, Ine. and Steclhead UnBmlited, JSneh year at Jted-
ghu:‘ m'-(:r 3. - “'1"‘ "Xli\\.':lll‘ﬂl'(l 'tc'n #portsinen for returnimg steclhead tags to the Call-
CEASLTREYY IRY TER T YT s Bl PR DRIy AETRIT A2 SOV B I T L LA AN R LT . R
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television and radio appearances, state-wide press releases, local ne
papers, illustrated talks at sportsmen’s and service clubs mul. Dep
mental- meetings, use of tag return posters located at key rifiles
resorts, and interviews with anglers during ereel census work. F
the beginning of the study, all tags sent in were returned to the ang
along with a commendation eard and a letter explaining t.hc pury
of the tagging and (beginning in 1954) pointing out that his tag n
ber had been endered in a drawing for valuable prizes. To further
the vetnen of tags, postigre-free, sell-addressed envelopes were supy
to fishing resorts and sporting goods stores along the Sacrmmento Ri
The 1954 and 1955 studies indieated that the pereentage of nonrel
of steclhead tags was considerably lower than that shown for stri
hass, Nonrelurn of steethend tags appeared (o he about 20 pereent,
this figwre was seleeted as an estimate of nonreturn lor sh:vlhcml t
The sport cateh and cost fimures were re-evaluated aceordingly,
By re-arranging the eateh fizures and presenting them on the |
of different percentages of nonreturn of tags, a somewhat diffe
picture, of numbers eaught and of costs to put a sea-run steelhem
the ercel is seen (Tables 13 and 14). For example, on the basis
uniform 20 percent nonrveturn of tags during the stwdy, an ave
36.9 pereent, instead of 29.5 peveent, of the-population was harve
ench season, and anglers harvested aboit 45.6 ‘percent of the rw
1958 instead of the 36.5 pereent obtained™Without correction for
return. Also, if allowance for a 20 percent nonveturn of tags is m
the average cost of putiing an adult steelhead in the ereel was $8 ins
of $10. Tf a 20 percent nonreturn and returns of adults from only
first three brood years of yearling steelhiead released arve used, the
of putting a sea-run stoelhead in the ereel drops [rom $7.48 to &

CREEL CENSUS

Steelhead c¢reel censuses were designed to provide the average o
per angler hour, Tength of the average angler day, and county ol
denee of the fishermen, and to see as many steelhead as possible in o
1o help establish tagged to unfagezed and marked to umarked fish ra
in the upper Sacramento River system. As previously mentioned,
attempt was mude to determine total catch by wmeans of creel cen
sinee this was done on the basis of tagging and tag rehiwrn data. W
total eateh, eatch per hour, and number of hours in the average an
day had been determined, total fishing efforts and fishericen days v
computed.

During most months of the year, creel census work was earried
with only a moderately controlled sampling scheme. owover, dut
the fall months, when the bulk of the steelhead are canght and w
most of the fishing effort Tor sea-run fish is expended, an inten:
method of seenring data on angling wax used  (Fignee 16Y, The o
census proecdure was direcled foward oblaining o salisfaclory san
of the total fishing cffort and also seenring as large a sample as poss
in interviewing anglers, 1t was definitely not a vomplete census, dn.
the many access points and to the limited manpowe*  -ailable. Altho
the censuses were not strictly random it ix helieve at the data o
ered present a reasonably vepresentative picture of anelinge offort, .
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TABLE 13 '
Upper Sacramento River Steelhead Sport Catch. Annual Landings Are Computed With Different Percentages
of Nonreturn of Tags. All Fish Are 14 Inches and Over in Fork Length -
Percentage of nonreturn =
0 10 20 30 : 10 =
Z
Percentage Percentage Percentage Pereentace | Percentage )
Number of of run Number of of run Number of of run Number of of run ! Number of of run <
Season fish caught caught fish caught caught fish caught caught fish caught caught | fish caught caught -
Z
2,895 20.1 3217 2.3 3,619 25.1 1136 28.7 4,825 33.5 -
4145 32.2 10,161 33.8 11,431 40.3 13.064 46.0 1 15,241 33.7 ;
7.815 27.6 8.G83 30.% 9,769 34.5 11104 39.4 ‘ 13.023 40.0 =z
6,395 34.8 7.106 38.7 7,994 43.5 9,138 19.7 10,658 38.0 -
5,010 25.8 3.567 28.7 6,263 32.3 7157 36.9 8350 43.0 =
3.235 36.5 3,817 40.6 6,544 45.6 7479 32.1 i §.735 0.8 =
Averave percentacs - runs ;
caught. o aeeonena. PO, 29.5 32.8 36.9 2.1 : 49.2
TABLE 14
Upper Sacramento River Sport Catch of Sea-Run Hatchery Steelhead, and the Average Cost of Putting Qne in the Creel, Annual Landings and Costs
Are Computed With Ditferent Percentages of Nonreturn of Tags. All Fish are 14 lnches and Over in Fark Length %
Percentage of nonreturn i =
- z
Y:arlings released 1] 10 20 30 10 -
: ' | : >_'
| Total Total | Total ¢ Total Tatal ~
X imber Cust of | hatchery | Cost per | hutchery | Costper | hatchery ;. Cost per . hutehery i Cost per | hatelery | Cost per =
wer Number § yearlings | adults adult adults . adult adults ' adult adults | adale adults adult =
Brood year- fb. released released caught in creel caueght  * in crecl caught | in creel eanght ' i ereel caught in ereel =
: | : .
. H 1 , =
' : -
1952 .. ..., S 63.580 | §7,081.30 397 $11.86 | 663 I £10.68 746 $9.49 : 833 : 38.30 995 $7T.12 =
1953, ... i 4 6.570 | $1.197.00 | w2 | s7.30 180 | 36.63 202] s5.93 231 l 518 | 27 $1.43 T
1953 coicaaas 18 145,278 | 5.522.30 | 930 3.94 1.033 3.35 1,162 i 4.78 ¢ 1329 1.16 1.550 3.56 -
151,848 |s6519.30 ; 10wz 1213 i 1,364 i R B 1.820 =
| =
! §3.04 | $4.92 ! 24.31 $3.69 ':
7 16,252 154,110.28 | uls 1015 | st.om L4z ! 836 1306 i 83.1a 1533 s2.70 =
26 LHL007 3,156.42 | 214 248 ; 13.26 268 i 11.78 a0 ! 10,742 357 5.84 ~
i 1 =
177,239 | §7.275.70 , 1,128 1.233 i 1,410 | 1412 ! 1.880 Z
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Figure 16. Creel checking a steclhead angler on the Sacramento River near Jellys
Ferry. Photograph by Richard J. Hallvek, October, 1956. ,

The steelhead fishing avea was divided into three general seclions,
the centers of which are Hamilton City, Los Molinos, and Balls Ferry
(Figure 2). Seasonal employees were used to do a good portion of the
erecl census work and usually traveled by automobile, stopping at the
fishing resorts and rifies. Between Vina and Red Blull, the Sacramento
River was covered by the project skifl, as well as by antomobile. The
creel eensus work was also cooperative. Department of Wish and Game
sal.mon survey crews, drifting designated seetions of the Saeramnento
daily betwe  ledding and Vina cach fall and winter, also creel ehecked
steelhicad fis.._cmen along the way. At key points, people living in the
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FISHING EFFORT

Starting in 1954, the ereel census data were suflicient to determin
the average eateh per hour and number of hours in the average angle
day for cich month and each season throughout the remainder of th
study. 1t was then only necessary to know the numbers of steelhea
caught, inelnding both adulis and juveniles, to compute total angle
hours and tolal angler days expended cach month and cach seasol
The eateh of sea-run fish, as deseribed previously, was derived from ta
returns by anglers, while landings of juveuiles computed in this seetio
are weighted figures based on ratios of fish nnder 14 inehes in lengt
to larger individuals observed during ereel censuses.

Most fishing for sea-run steelhead in the upper Sacramento take
place from Seplember throngh the Tellowing FPebroaey. 1Mishing effo
is particularly intense in October and Novewmber, Adult fish lande
from March through August are usually eaught only ineidentally b
those sceking other speeies of fishes, or while angling for juvenil
steelhead ‘and resident trout. Sinee this report is eoncerned primaril
with the fishery for sea-run fish, ereel census data presented herei
include ounly those collected during wmonths when the main fishin,
ellort was for sea-run fish, i.c., September through February. Delwee:
1954 and 1958, over 10,000 steelhead anglers were interviewed am
their eatches inspeeted during these months. Whenever a fisherma:
planmed to continue fishing after being creel checked, he was given
self-nddressed, stamped post eard on which there was bul one request
the total hours he fished that day, About 30 pereend of these card
were not relurnwd, atthough all fishermen had consented to send ther
in, Tn all, close 1o 6,000 completed fishing efforts were obtained ang
indieated that the average steelhead angler fishes 4.1 hours during a;
average day (Table 15). Lengihs of the average angler day remaine
fairly constant thronghout the study period and even throughout vin
ious months of any particular year. Towever, in the fall, when mos

TABLE 15

Upper Sacraniento River Steelhead Spost Catch and Angling Effort. Numbers of Fish 14 Inche
and Over in Length (Adults} Were Computed With a 20 Percent Nonreturn of Tags.
Juvenile Steelhead Caught Are Based on the Ratio of Juveniles to
Adults Observed While Creel Censusing

Number | Average [ Avernge Catch
of total hours per
fishermen | eateh per | completed
inler- nngeler nneler Juve- Angler Angler
Sennon® viewed lioure tlay niles Adults | “Totad hours daya

[0 B S 1316 0. 108 L1810 1,703 11,048 12,771 15,196 27,552
666G ___ .. 203 | - o017 | § 88701 2,300 1,289 TLA0R BLAH0 21,771
MILGAT ... [RULL oy L0704 TR (UM} LV TR ] 2480
PRI o161l 1.0250 6,108 10956 65,002 16,801
2,702 0. 1441 4 .(Ml(ﬂ' 0,484 10,088 69,530 17,381
10,411 LLOYY | 0627 | 53,627 444,002 7,986
Averngea. .. 2,000 {.1280 4.107 2,800 8,125 [LUA KR, 802 20,507

¢ September throngh Pehnsiey only,
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© sea-run fish are caught, lengths of the average angler day were greatest.
During October and November, for example, when steelbeid are the
most vulnerable, fishermen spend more time angling Tor them. This
vulnerability is indieated by ebservations and by the average eatceh
per angler hour, which was typically higher in October and November
than during other months of the season, This pattern was constant
from year to year. Simith (loc. cit.) also noted during the 1948:49 sca-
son that Saeramento River steclhead landings depended upon avail-
ability of fish. This was revealed by (he eateh per howr, which inereased
or deeréased with the total entch in all but (e of the 13 months
studied.

The number of steelliead angler days speut annually on ihe upper
Sacramento averaged 21,597 rom 1954-55 through 195859 (‘I'ible 15).
Although observations and ereel ehecks indlicale an inerease in num-
bers of individuals fishing for steethead each season, the angler days,
or total fishing effort spent by these fishermen in pursnit of steel-
head, show a decrease through the years which is proportionate to {he
decline in populations of fish, The tolal annmual fishing eflovl cael sen-
son is particularly influenced by the availability of fish in October aml
November, sinee these are the months when most. fish are enught and
when the grentest effort is expended. IC the run is Jarge and fish are
available during these menths, the anmal fishing efforl, is substantial,
In addition, the fishing emphasis shifts towards the smaller trout when
sea-run fish are searce. Ihis was particularly notjecable in 1957 amd
1958 when anglers, realizing that the larger fish were not present. in
sufficient quantities, kept many small trout, which normally they would
have released (Table 15).

The number of hatehery fish in the ealch of Juveniles during the
months of September through February has varied during the course
of the study. It has depended mitinly on the loeation of the plants of
hatchery fish. In 1957 and 1958, years in which upstrenn plants of
hatchery fish had been made, the hatehery fish formed a little over
6 percent of the catch of Juveniles, while in oflier years, in which
only downstream plants of hatehery fish had been made, they comprised
less than 1 pereent of the eateh of juvenilos, :

RESIDENCE OF ANGLERS

Steclhead anglers travel from all parts of Calilfornia to fish the
upper Sacramento each fall, In {he five-year period, 1954 throngh 1958,
over 7,000 anglers were interviewed in the months of Octobee aund
November alone. It was found that, on the average, those fishing the
upper Sacramento each fall are residents from 40 of Californja’s 58
counties. By grouping these counties it js seen Lhat 96 pereent of the
fishermen travel from three prineipal aveas in California : (1) Sacra-
mento Valley, (2) San Tranciseo 1% y and Sacramento-San Joaguin
Delta, and (3) southern California (Figare 17). Althongh (he steol-
head season extends over g longer period, most anglers fishing during
months other than October and November wre residents o the Saera-
mento Valley, indicating that fishermen will | el gread distanees only
when fishing * -t its peal. ‘
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Fuone 17, The three principal areas in Cilifornin In which Sacramento River steel-
head anglers reside, showing the percentuge of totat unglers from cach area,

The: importance of steelhead and salmon fishing is also reflected in
the wrowth of commercial boat landings and fishing vesorts tlong the
Nacramento River betwen Hamilton City and Redding. In 1945 there
were no commercial boat landings in the upper river area. The first
organized ‘sportsman’s landing and boat rental was established in
MG (Swith, loe. cit.). Only three such establishments were vperating
i M7, Tlowever, at the close of the 1948 scason cight boat lnndings
were inoperation, and three additional ones opened for business carly
in HHD. AL present there are 18 establishments along the upper river
offeving sueh facilities as eabing, house feailer spaee, boat launehing,
hoat. dockage, and boal rental. In some establishments complete lines
of fishing tackle, as well as boats and motors, are for sule.
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VALUE OF THE FISHERY

A sport fishery is worth at Jeast the amount of moncy that anglers
spend in pursuit of it. An cconomie survey by the Departinent. of Iish
and Game in 1953 indicated that the average daily expenditure by a
California steelhead angler was $18.11 (Pelgen, 1955). Steelhicad fish-
myg expenses included transportation, food and lodging, servieos and
supplies, equipment, and liconses. To bring the $18.11 estimated avoer-
ngge daily wmount, spent. by Californin stecthead anglers in 1953 up 1o
vithues for the suceecding years of (his stady, the 1953 figrure was malii-
plied by appropriate anmual factors derived from vonsumer. price
indexes for San Francisco, published by the United States Departiment
of Labor. The corrected daily expenditures were then in turn multi.
plied by total annunal angley days expended, 1o arvive at a total mini-
munt annual value for the fishery (‘able 16). Thus, the minimum aver-
age annual value for the upper Saeramento River steelhead fishery
was a little under $390,000 from 1954 through 1958,

As previously noted, the average steclhead fisherman spends 4.1
hours a day while angling for steelhead, Taking all sizes ol fish cpugehi,
imo consideration, on the average he fishes two angler days Tor, eacl
steethead he lands. Therelore, the ave age fishermin spends almost. $10
for each fish landed. Wherens it costs $8 on Lhe average to produce
each sea-run hatehery steelhead ending up in a creel, an angler is
willing to spend almost five times that amount, to cateh one,

TABLE 16
Minimum Annual Expenditures of Sacramento River Steelhead Fishermen

Expenditage Total nmvant
Total angler e nngher upent by
Seasan® dayn dny wpehers

YWSI-05. 26,1008 $I8. 10 SITRAH108
W55-54 20018 15,02 72
195657 28,192 1815 441,582
1157-58 16,246 . 19,19 S10,500
1058-60. 16,706 19.87 KRR EL]
Avernges .. $1K.731 PR AT

¢ Keptember thiough Febmary enly.

CONDITION OF THE RUNS _

During the six seasons, 195354 through 1958-59, the steelhesud Jpopu-
Intions of the upper Sucramento River averaged 20,542 fish, "The annual
rung of naturally-spawned or wild fish alone averaged about 18,000
fish (Table 17). An examination of the wild populations also reveals a
Jump from 14,000 in 1953-54 to 26,000 in 1954-55, followed by u cleeline
1o 13,000 in 1958-59. The total population (including hatehery fish)
shows a similur rise ane decline. The trend sinee 19%5-56 is definitely
downward in cither case. Whether or not (his is part ol & natureal-eyele
in abundance is not known, sinee (he period of study was not long
enough fo determine this. Close observation of the populations shankl
be made duriv:~ Wie next few seasous to defermine whel her they are
passing throug . nataeal Mietuation, or whether theve is a genuine
decline in the runs. '
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‘ TABLE 17
Breakdown of Annual Upper Sacramento River Steelhiead Popuiations, Showing
Numbers of Hatchery and Wild (Naturally-Produced) Fish. Al Fish
Are 14 Inches and Over In Fork Length

Hatehery Wild Totul
Setaon tixh fish tun

1051 (KR
105 26,080
w.':.'.-. | S el 23007
WG6-67 ... . cee e e el 15,175
K7-58. ... . . 16,531
nng.a 132108 18,040

Averngs . pR T 18,018 AT H

.

In the Columbia River, where both winter and summer runs of steel-
head oeeur, the stnner-rui populations have gone through a series
of fluetuations in recent years which suggesl six-year eyeles (Ovegon
ish Commission, 1957). Peaks in the populations were reachaed in
MO, 1046, and 1952, with low points being registered i 1943 and
1Y, The summer run averaged 227,000 fish from 1848 through 1956,
and the spawning eseapement averaged aboutl 53 pereent of the total
population from 1949 through 1956, Both commereial and sports fish-
eries for steelhead exist in the Columbia River. The size and spawning
eseapement of the winter run are unknown.

The spawning eseapement of adult steelhead entering the upper Sae-
amento River and tributaries has averaged abont 63 pereent during
the past six years. 1t is nol known what pereentage af the (otal pan
destined forithe upper Sacenmento is (aken by sporls fishermen in the
fower viver (below (he mouth of the Feather River), 1 is thonght to
be no greater than 10 pereent, in which event the average spawning
eseapement would be at least 53 peveent, a figure which is the same
as that which is considered adequate for maintenance of the Columbia
River runs. :

The fairly concenteated summer sports fishery in the Sacrimento for
the juvenile steelhend or resident trout. may necessitate a larger spawn.
ing eseapement. of adults to perpetuate the runs that wonld normally
he required were year-round fishing not permitied.

CONCLUSIONS

I may be coneluded Trom (his study that stocking hatehery-reared
yearling steelhead is a valid method of supplementing natural steelliend
production in the Sacramento River. Natural reproduction by steelhend
during the sindy period was on (he order of 1 to 1 (i.e, Tor each adult
one other was produced), while avtificial propagation produced about
15 fish for each one spawned, This, of course, holds true only for the
limited monbvers of sieelhead spuwned at Coleman hatehery. Presum-
ably, a great increase in artificially-spawned adulis would depress the
survival rides of both hatehery and wild fish, but ther no evidenee
to indicate at what level this might hecome serious, The aalition of fish
lo the populations was narticaloele patiesalbe foe Pl My oy
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al the beginning of (he study insufficient. adults were available (o fake
the required nmmber of egas, while b the conclusion excoss fish were
being turned away to spawn naturally,

To obtain the greatest returns of sea-run hatehery steelliead in the
upper Sacramento, the yearlings should be stocked during the normal
seaward migration - period of wild steelhead in the Tate winter amd
carly spring at a size larger than 10 to {he pound, der sueh condi-
tions the steelhead released from Coleman hatehery produced an aver-
aze of one sea-run adull return for each 25 yearlings stoeked, Towever,
il the enfire hatehery produetion From an average ol the hrood vears
involved s considered, only one sea-run adult retnrn wag produced
for each 50 yearlings released. Stocking of yearlings at Prineeton,
downstream from the general trout fishing area, produced wrenter po.
turns of adults than stocking of yearlings in the upper river syvslen.

Although the initial cost of rearing and stocking 2 yearling steel-
head was only six cents, the average cost of each sea-run hatehery
steelhead return to the upper Sacramenio was 50 times greater, or
$3.00. At first glance this cost appears exorbitant. TTowever, the average
adult steelhead weighs three pounds, so in effeet the cost of eneh adult
fish may be figured by ineluding the initial production cost of vearlings
stocked, minus the value atiributed to losses of fish between stocking
time and return to the upper Sacramento, plus the value of any river
and ocean growth gained by the survivors. rom this viewpaint, the
average adult hatehery steelhiead was putl in the run for $1 a pound,
a figure not far above the cost of producing and planting ““eatchable”’
rainbow trout in California.

Whereas the cost of cach vearling steclhead stocked wag only six
cents, the average cost of cach sen-run hatehery steelliead landed by
anglers was nearly 140 times greater. ITowever, the value of each
steelhead to a fisherman is almost five Limes wreader than (he cost of
putting one in his ercel by hatehery methods. T'his value of h steelheand
is reflected by sportsmen’s expenditures, which indieate that anglers
are willing to spend $40 Tor cach steellend Fonded on the upper Saera-
mento River. Since an average of only 36.9 pereent of the ddull steel-
head are harvested each season (assuming a 20 pereent, nonrelurn of
tags), and it costs abont $3 on {le average to put a sea-run hatehery
steelhead in the run, it costs about %8 to pul one in the angler’s ereel.

The upper Sacramento River steelhead sport fishery is of consider-
able magnitude and provides tremendous ceonomic and reereational
assets to the people living in many areas of California. Beeanse of this
importance, the fishery as well as the populations of fish should be
studied periodically so that the management plan may be alteved, if
necessary, to insure the best possible fishing, |
|
SUMMARY |

1
In 1952 the California Department of Wish and Game initiated a
study on the Sacramento River to determine the effectivencss of s1p-
plementing natural steelliend produetion with yearling, hatehery-reared
fish. Secondary objectives were to study the steelhead sport fishery
and life hi v of Sacramento steelhead. T'his was o cooperalive study.
Others par..cipating ineluded {he sportsmen of  California through
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two ol their organizations, California Kamloops, ITne, and Steell
Undimited, and the United States Wish and Wildlife Serviee th
its Tacilities at Coleman National 1jsh [Hatehery on Battle Creck.

The Sacramento River upstream from its contluenee with the Fea
River, the area with which the study was primarily concerned, is
most important of all streams in the Central Vallex of Califo
From the standpoint of both water supply and fishery vesources.
daily mean flow near Red Bluft is usually less than 11,000 cubic
per second and s generally between 5,000 and 7.000 eubic feet
second in the Fall, when most steelhead ape canght. The prine
steelhead fishing tributavies are Mill, Deer, and Battle erecks.

Adult steelhead migrate into the upper Sacramento principally f:
duly through the widdle of {he following Marveh, There is but
annal rung the bulk ol which passes the mouth ol the Feather 13
near the end ol September,

The time pattern of juvenile steelhead moving seaward out of
Sacramento was not definitely established, although all evidence i1
cates that peaks oceur in the spring and late fall.

Ages ol Sacramento River steellhend were sampled by reading
seale samples. 1L was Tound that there were 17 two-vear-old
A1 three-year-olds, 33 four-year-olds, six five-vear-olds. two SIN-YC
olds, and one seven-year-old.

Steelhead spawn in the upper Sacramento River and in most tri
taries from the Iatter part o December through April. Seale samp
colleeted in 1954 indicated that 83 pereent of the fish were spawnj
for the first time, 14 percent for the second time, and 2 pereent for -
thivd time.

Although a himodal disteibution appeared in length measureme
of the annual adult population during most vears of the study,
average size of a Sacramento steelhead wis determined to be 181 inel
i fork Tength. The average fish weighed about 3 pounds.

The Dody-seale velationship of wild or naturally-produced steelhe
was determined, and lengths and length inerements of steethend
virious ages, as well as lengths al which ey enter salt water, w
caleulated. Steelhiead which spend one or two years in frosh wal
generally migrale into the ocean after altaining a fork leneth of
to 9 inches.

The length-weight, relationship of Sacramento steelliead was cale
lated from a sample of 484 fish trapped during the fall of 1956 in {
Sacramento River, one-half mile above its confluence with {he Ifeath
River. In general, there wag good agreement hetween averages
actnal and ecaleulated weights.

The plan for evaluating the stoelhead stocking was to release lar,
munbers ol marked ({in-clipped) yearling, hatehery-reared steellie;
and then determine the numbers of sea-run adults produeed, their cos
and their contribution to the natural runs and to the fishery, IBvaln
tion of returns was accomplished by trapping in the lower Sacramen
Lo determine the percentage of hatehery fish in the populations, ar
then by tagging and tag recovery (including angler returns) to dete
mine total numbers and angler take. ITatehery pr tion cost figur
were applied to the retwrns to present a picture « e cconomies i
volved.
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l)ln'ing the six years 1954 through 1958, &t total of VL4049 steelhead
was trapped in the Sacrimento River dust above the mouth of fhe
Feather River and examined for hatchery fish. Fish in good condition
were tagged and released, Two types of tags were used on the adull
steelhead trapped, Petersen disk and tubing or “spaghetti’’ tags, Dur-
g the study, 15,714 steelliead 14 inchoes and over in fork length were
“effectively’? tagged. [n all, 15,579 steclhend 14 inches and over in
forle length were examined above the trapping site for Lags and marks,

Two methods of computing the steelhead populations were studied,
(1) the Schaefer method for stratified or changing populations and (2)
the Petersen method. Although both methods produced similar resulfs,
the Petersen method was used beeause it was loss cumbersome. During
the years 1953 through 1958 the adult, steclhead populations agerngel
20,542 fish. Confidence limits were conpuled for the populatipn esti-
mates each season and indieate that the population estimates were
reasonably aceurate.

Releases of marked yearling steelhead were designed 1o provide re.
turns of sea-run adults which would permit an over-all evaluition of
the total fish produced from cach brood year stocked, and also to de-
termine the size of yearlings released that would result in fhe Dest
returns of adults, \

Practically all eggs for the study were taken from wild fish drapped
in Battle Creek. A few eggs were 1aken from wild fish apped-at Kes.
wick Dam and from returning hatehery steelhead. '

Most of the yearling steelhead were mnrked by elipping off (wo fins
in various combinations, The fish were anesthetized beTore marking. Iy
all, 1,041,754 steelhead were fin-clipped and released during the six-year
study ; however, only the returns from the 663,240 released duringe the
first four years were evaluited. Identical marks were nol repeated
oftener than every other year. Fish From the 1952 biromd year were re.
leased in the npper Sacramento River systenc in several localities. Jtish
from the three remaining brood years evaluated were stocked ad JPrinee-
ton, below the general trout fishing arcea. Retwrning sea-run hatehery
fish, identically marked, were estublished in correel brood yenres by
length measurements. N

An examination of seales from 175 of the hatehery-reared sen-run
adults indicated that slightly over 96 pereent were on their first &pawn.
ing migration. Most, if not all, of the remainder were returning for the
seeond time. ;

The 663,240 yearlings released during the fiest four Years produced
13,0565 sea-run hatehery fish returns to the upper Sacrinnento, an aver-
age return of 2 percent. Fish weighing cight 10 the pouned and Targer
when released produced an average 4 percent retirn, while (hosg weigh-
ing between 10 and 26 to the pound resulted in an average retwrn of
slightly over 1 percent. .

In all, 859 steelhead were spawned al the haleliery and produeed
13,055 sea-run adult returns, a retuen of 15 adults For cach fish spawned
at the hatehery. In natural reproduetion, generally only one is prodiecd
for each steelhead in the run.

Stocking of vrarling steelliead in the Sacramento River at Peinceton
resulted in s ent sea-run adult returns o the hatchery on Batile
Creek to continne a moderade artificial stoeking program and at {he
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same fime (o produce some nafuenl dispersion of hatehery steelhend
throughout the upper Saermuoento River syston,

The growth rate of yearling hatehery steelhead is vaviable, Greatest
rowlh oceurs during the first snmmer after release; the fish more than
double their length during the sceond year of life, adding about nine
inches. The fish which are smaller when stocked grow more apidly duee-
ing the third year than those slocked at the larger sizes. The ave itgre-
sized steelhead is generally about 20 inches long at the ond of its third
Year of life. The growth rate decereases rapidly after the third year.

Differences in ratios of marked fish between the trapping site and
the Sacramento River above the trapping site indicate that a sizable
trout. population ocenrs in the upper river during some years, in addi.
lion fo sea-run fish,

The costs of producing yearling steelliend aricd from theee eents to
vighteen eents each and averaged six cents, Sinee a return of only 2
pereent as adults was realized from the average group of yvearlings re-
leased, the cost of produeing eaeh sea-von steelhead return to the upper
Sacramento was about $3.00.

Steelhead fishing in the Saeramento River is purely for sporl. Most
steelhend are caught in (he £all on riflles oceupied by spawning king
salmon. The most popular mefhod of angling consisis of drifting single
egrs and lures which resemble cgas. Steclhead also colleet near fhe
mouths of tributaries in the fall and many are eanght in these loealities,
as well as in the tribwtaries, The prineipal fishing aear is spinning
equipment, Wy fishing cquipment is seldom used, Neventy pereent ol
the steelhead eaught cach season are landed in October and November,

The sport cateh was based primarily on angler tag returns, Withont
correcting for tags which were not sent, in, the figure showed that an
average of about 30 percent of the run was harvested ench senson, and
also that there was an increase in the eatel Irom 20,0 pereent in 1953
lo 36.5 pereent in 1958, 11 was estimated that about 20 pereent of the
tags taken by anglers were not returned. Correcting for a 20 pereent
nonreturn of tags, the anglers harvested 45.6 peveent in 1938 instead
ol 3G.5 pereent.

On the basis of uncorreeted tag relurns, the release of 663,240 yeqp-
lings eventually produced 3,882 sean-run hatchery steelhead in anglers’
erecls. Thus, whereas 2 pereent of the average Yearlings released re.
turned to the upper Sacramento as adnlts, only 0.6 pereent ended in
anglers’ eveels, On the ave gre, it cost $10 1o put a sea-run hatelery
steelhead in (he ereel. By correcting (his figure Tor a 20 pereent nonre-
tuen of tags, the average cost of putting an adult steelhead in the ereel
was $8.00. ’

Creel censuses were conducted to determine average eateh per angler
hour, length -of the average angler day, and county of residenee of
anglers, and to see as many steelhead as possible in order fo help
establish the tageed and marked fish ratios in the upper Saeramento,
I"rom 1954 through 1958, over 10,000 steelhead anglers were interviewed,
The average angler day was determined {o he about 4.1 hours. The
average annual number of steellead angler days spent on the upper
Suernmento Srom 1954 through 1958 was 21.597. On the ‘rage, fisher-
wen from 40 of California’s 58 counties fish for steelhe,  .n (he upper
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Sacramento River annually. Ninety-six pereent come from (hree gen-
eral areas in California; (1) Sacramento Valley, (2) San I'raneisco
Bay and Saeramento-San Joaquin Delta, and (3) southern California,

A sport fishery is worth at least the amount of money that anglers

spend in pursuit of jt. The minimum average

annhual expenditure by

Sacramento River steelhead fishermen was a little under $3!)(),0()0 from
1954 through 1958. The average steelhead fisherman spends alinost $40

for each steelhead landed,

The populations of wild or naturally-produced  steethemd fin the
Sueramento River showed a 50 pereent decrease during Lhe Lk Four
years of the study. It is not known whether this represeuts a fatural
fluctuation in abundance or a real decline in the runs, i

Five general eonclusions regarding Sacramento steclhend ard made:
(1} stocking hatchery-reared yearling steclhead is a valid Mmethod
of supplementing natural steelliead production, (2) grealest ‘returns
of sea-run hatchery steelliead are obtained by stocking yearlings larger

than 10 to the pound below the general trout

fishing aren, (8) on a

poundage basis the cost of putting a sea-run hatchery steellicaq in the
run is not far above the cost of producing and planting “catehable’’
rainhow trout, (4) the value of cach steclhiead 1o a fisherman is_alhnost
five times greater than the cost of putting one in his creel by hit chery
methods, (5) the Sacramento River steelliead sport fishery is ‘ol con-
siderable importance, and the mamagement plan for the fishery should
he evaluated periodieally to insure the besi, possible fishing.

M .
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