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FOREWORD

Inadequate, basic information about stcclhcad populations lias long

hampered I heir management. Factors such as current harvest rates,

safe harvest rates, ;percentage survival of hatchery-reared juveniles,

and best, planting procedures have usually been subjeet to guesswork.

Uncertainties brot'd controversy. And so, dispute over tin* relative

important of natural vs. hatchery reproduction of steelhead led to the

birth of this project. Now the study is done, and the facts gained have

resolved tin; dispute and add considerably to knowledge of Sacramento

liivcr stcclhcad, to the substantial benefit of future management.

Reasons and bag limits may be set with greater assurance, knowing
approximately the size of Iho run and tho harvest, rate of adults.

Future hulehcry programs may be planned and conducted move objec

tively, knowing api>roxiinately how many ol* theplaulod yearlings will

return as adults, how many will be caught, and how mueh it will cost

1<> put one in Hie creel through sloeking. The added iiiforinatiou about

best times, places, and sizes for stocking hatchery fish will also bo of

considerable practical value, although more information on these sub-

jeet.s would be desirable.

This study has already paid handsome uiu-xpceiod dividends in Cali

fornia. The .se.upe ol sleelhend halehcry programs relating to dams tut

I he Klamalh, Trinity, Feather, and Mokolnniuo rivers was based in

largo part on survival rates of marked yearlings released in the Sacra

mento Ivi-ver. Other comparable benefits arc anticipated here and else

where in 1 he future.

AVc present this report to all those interested in stcclhead, hoping
(hat it will coiitrihuic to the conservation and enhancement of these

noble fish wherever they occur.

AiiKX Cai.houn

May, 19U1
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An Evaluation of Stocking Hatchery

Reared Steelhead Rainbow Trout,
Salmo gairdnerii gairdnerii,

In the Sacramento River System1
RICHARD J. HAllOCK, WIIUAM F. VAN WOERT, and LEO SHAPOVAtOV :

Inland Fisheries Branch

California Department of Fish and Game

INTRODUCTION

During the past fifteen years the Sai-ramenio lliver has become one

oT the most, popular fishing streams in California for steelhead rainhnw

IrtMit, tSaluwjjainlnrrii <fuinhtcni Ittrhardson. Kaeb Tail, lishetinen in

ever increasing numbers travel from all parts of California, as well as

from neighboring states, to participate in the. harvest, of this prized

western game. fish.

The increase in the numbers of anglers has been brought about by an

accumulation o|" events, foremost of which lias been an explosive growth

in California's population and in the numbers of people seeking outdoor

recreation. (Construction of Shasta Dam. with its stabilizing and cooling

cll'ect upon the upper Sacramento, has produced an environment bet

ter suited for steelhead. The Sacramento is also a favorite sloclhcnd

stream of many anglers because the best, lisbinjr is enjoycil during

balmy days in the fall, rather than during flic cold periods so typical

of most winter-run si eel head fishing areas.

This expanding popularity made it esseulial that I ho Sacramento

Kiver steelhead management program be evaluated to determine

whether or not it is udcipiato. to insure continued good fishing in the

face of these mounting demands upon the resource.

Provision of good si eel head fishing despite the inroads by man is a

problem which faces conservation agencies along the Pacilic Coast. The

Stale of Washington has attempted lo offset this increase in fishing

pressure principally by a long-range management program consisting

of, releases olj migrant -sized steelhead (yearling fish averaging (» to S

inches in length) to supplement depleted and heavily lisheil runs,

coupled with protective regulations and installation of fish ways and

lish screens lo protect the. runs. The stocking of migrant-sized steelhead

during their normal period of seaward migration has definitely built up

the rims of sea-run (ish in Washington streams, according lo Larson

and Wnrd (1955).

In California it had been the policy for many years prior to 1!M() to

stock roaslal streams with fingorling sterlhend in the summer months.

The results of this program shod considerable doubt on the etlVL'tivencss

'TIiIh H-nrk \v:ir iM»rfi»rnv<l :i8 iiart of Plimoll-.Tnlinson rinject Ciillf'»rnla P-7-H.
".S;icnotM'it(n-S:oi .huii|iitn Itivrr X;tlim>n anil SIim>||h;i'I Sln.lv". sil|i|»H'|ii| |,y
1-ViU-ml A til (<> h'isli l{rsliii:il|ini funds.

-'I'ho llrnt two llntnl jmiIIhum tt iilisfi-ift-d t< > Um> Miiriiic ltfjfoiii<is ' :li iiimti ci.di-
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FiauiiE 1. A 13}-pound steelhend landed In Dnttle Creek, a tributary or the upper
.Sncrnincnto River. Tills was the second lnritcwt xUsellicud mconluil during tlio Htmly.

Photograph by Richard J. Ilallock, September, f»57.

of this type of artificial stocking (Shapovalov ami Tail, .11154). An ex

perimental program at California's Waddel I and Scott creeks from 1!>:I2

through 1!)42 revealed Unit only extremely small returns of sea run lisli

may bo expected from releases of fingcrliug sleelhead, but that on the

average approximately 2 to f> percent may be expected lo re)urn as
adults when allowed to descend to sea as yearlings at. their normal mi

gration time (Shapovalov and Tuft, lot:, <:»/.).

Until the start in 1°T>2 of tlic study described herein, tin* management

program for Sacramento River stcclhcad bad e.ousist.ed primarily of

protective regulations and installation ol' (i.sh protective devices such a.s

fish screens and fishways. There had been no artificial .stocking of sleel-

hend. The only previous .significant investigation of Sacramento Uiver
sleelhead was included in a study of the sport fishery, which was made

between 1947 anil l!)4i) (Smith, 1050). I'rior to V.)W1 considerable knowl

edge had beer 'ned through the years about steelhead in the smaller

eoaslal stream., i California, but relatively little was known coiiccru-
;...r ii... i;r,. i.;.!...■«• ,,r •>:•» ••>.>••<.. . i,...ii.,.'.i ,.■■ h... .>....•;<..• ,.r ,.i....i:...r

STdCKINO ltATCIIKUY-HKAllKO STKKI.IIKAD HAIXHOW TUOUT 11

■iiigraut-si/.cd sleelheail in the Saerainenlo Wivor. Therefore, it was

decided to examine this important resource more thoroughly anil lo

find out if artificial stocking of large numbers of migrant-sized steel-

head in the Sacramento was a feasible method of maintaining or im
proving fishing for adult steelhead. In 1!»f>2 the California Department

of Fish and Game's Itinvmi of Fish Conservation (now Inland Fish
eries Mranch) initiated a project to determine the effectiveness and
economies of supplementing natural steelhead production in the Sacra

mento Itiver with yearling, hatchery-roared fish. Secondary objectives

were to study the fishery and tli« life, history of .Sacramento steelhead.
It was originally planned to have the field work continue until 1 !>(!()

but was found possible to complete it by l!>f>S.

The study was carried out as a cooperative program between the

California Department of Fish and (iamc and several other orgaui/.a-

tious which rec.ogni/.ed the need for an evaluation of steelhead stocking

in the Sacramento Uivcr. Two sport.sinen's organizations. California

Kamloops, Jne. and Steelhoad Unlimited, volunteered to pay for the
food fed to the fish at. the hatchery and awarded one thousand dollars

over a five-year period to fishermen who returned tags to the Depart
ment of Fish and Came. Three thousand dollars in merchandise re
wards for lag returns were donated by several sporting goods stores

and fishing resorts along (he Sacramento Uiver between Wedding and

Meridian. The United Stales Fish and Wildlife Service trapped and

spawned adult steelhead in lint tie (..'reek and reared the. resulting young
to yearling size at Colenian National Fish Hatchery on the same stream.

The Department of Fish and Came paid a small part of the food costs

for rearing the fish, marked the yearlings, released them, and evaluated

the returns.

SACRAMENTO RIVER SYSTEM

The Central Valley of California is roughly 400 miles long by 4"i

miles wide. It is bordered by the Sierra Nevada and the Cascade Hange

on the cast, the Coast, liaugcs on the west, the Klamath Mountains and

the Cascade ltange on the north, and the Tehachapi Mountains on the

south. The two principal rivers of the Central Valley are the Sacra
mento and San Joaijiiin. These two rivers, along with their many tribu

taries, form the largest stream system in California. The Sacramento

Uiver drains the. northern part of the Valley, and the San Joatpiiu

drains the southern part. They Mow towards each other and merge in
the Sacramento-San Joaipiin Delta, a maze, of levied channels and sea-

level islands. The. combined waters then flow into Siiisiiu Hay, .San

Francisco May, and the Pacific Ocean.

The headwaters of the Sacramento

of Mount I'Mi'y, one of the peaks of

miles downstream and some 420 rive

infant river is joined by Wagon Valley Creek, a spring-fed stream

originating near the southwest base of Mount Shasta. From the stand

point of both water supply and fishery resources, the. Sacramento, above

ils continence With the Feather Uiver, is the most important slreain in

the Central Valley. This is the. section with which this ■• >ort is pri

marily concerned. The portion of stream below the mouth ic Feather

Uiver are located on the slopes

the Scott Mountains. About l'J

miles from San Francisco the

SJC-438 



12 BKI'AHTMKNT 01-' FISI1 A Nil fUSIB

lias IjUDH designated as Ul(! "lulViT Kllt-riUlli'lllil" mid Ihr |)ii!-|iiin I pp.
Lwi-uii (fie inoiitli ill (Jig JjVhUkt ami Kc-Kwiek Dinii ;is l.li« " ti|i|it>r
SltUt'llHIGIlld".

(■!iiu:e LIio completion of Sliuslti ttnil Koswicl: daws, Lltu upper Hucrn-

llloi]to liiia Iieeil ii a messed (Figure 2). Kiwwiek Dam, Im-nletl nbntil
five miles above KedtfiJig, presents a eumpliilo bind; in iiiDidmiuiMiN ILsli

i nigrations.

llfltwcen Redding and I law! I Ion Oily, n kIh'IHi wliicli iiiclmicsj Hit1
))i'iiiui|)iil slerllicatl iiiijrling tlft'li, Mic Kni'i'iniii-ulo Kiver itnt|ts ■!TtI) [Vi'I,

in UfJ.'l miles, an average nil ;!-li leel ]ht mile. In llie IT.'i-mili1 shvlidi

buiwi'i'ii Kptlililtg lllnl I'i'il IJIull', till! avi'i'a^i: jimilicnl is 1.1 frcl |M'I"

milt'.

Aliuvu Iltniiilloi] llilj' Ilii' HiiiTiiniciiUi is m rallicr witti1, iimilrriilHy

HivifI stream with uJlcriiatinji Icinjt, Ircu-lim'd [imilts niitl ulnti't grava!

rinii's. During noiiitiil (lows it varies in wiilfli from lidll fwl in sunn1 nl'

ihc ]ii)dl areas and at a few nllles ilown lo 201) lVi'l. in many nari'dwri'

HEiilioiiK. It is even Ichm Ilian 1UII LVcl in koiiii! t'lininicls. Tim nvimijii1

iviillli is (imbithlj1 Iwlwhom 350 iintl 4(i() feel. TlriTd lire I'i-w iihu-i-s

wliei'u "while Wiltw", similar In llml Ion jid in I In1 MiKi'ii^if ami

llogiiu 1'Ivcra oi' Oregon, may )k uiicdiiillurctl.
In tlic 7!>-jnilu seelion between Ituddiitf; uinl Vina Miere am iiniiittriioK

rillli1 iiri'HK at widely varying ni?t'». Nenrly all arc lisheil I'm- sleellieail

(litrtiifj tin: iall nmnLlis.

Tim *liii!y IIIcf113 How nf llic Bilf.rHllK'lllo Ifiver nl lieil Illiilt ilniinj;

nxjxl of tin; year, ("xui'iiL in [lurinilK id' licnv.v I'linulT, is nsnallv less (ban

11,1)110 cubic L'(-(-f- l»ci' kbmmkI. During Lliu Tail innnllis il is usually

between 5,01X1 and 7,01)1) cvibii: ft'Ut pi'r wcuini. Tin; ma.\innnn daily

ilisclmrp1 ill Red Bhilt [VM2 In dale) wmirriuJ on l"*clininrj SH, 19-10,
WlH'11 21)1,01)11 cubic; feel per .second was; rcetirdctl.

Tin: [irineipal triI) 11 furies in lilt! npiicr rivttr s.yslein, insnlaf as slrcl-

bcad lishinj: is (.•oiiuenied, nil oiiiei' tliti vnllcj' fnnn ifm easl.; ihcy tins
Mill, Deer, and BatUe efeelis. Many smaller Iribnlaries nni alsu nsud

by slfi'lltond lor spawning, ami Ihiiik'il fiuliing lakes jdai'c in most, ol'

tlium.
SACRAMENTO RIVER STEELHEAD

Adull Migrations

I Ik: eonrsi: of I be si inly, ti series nl" liii'K'1 wire l'\ l;e Iraps was

ii]irral'-d in 1h« Saciramciilo Kivcr jlisl abnve llui liitmlli id* tbe Ki'ii

KlVlil1, near I'YeniOJll Weir. Tliese haps well' upeialed l» iwaiuini: sea-

Hill slcclbrad for fin marks and In la^r (isli \'«v |ii)|)lllull(in ami spni-l.
cuteJi esl imales. ('onM riiel inn and iijicnil inn nf IIir lra|w lias lii-i'ii

llcKcrifwti by Mallwlf, l-'ry, and tm l-'ii •« (11)07).
Tim IhllEl jiatli'in nl' the HI Iffnil inn nl' sea-run Kln'llit'flil till fi [III1

ll|)pcr KllUl'll111UlltO Kivcr was delei'lninrd as a by-prudtiel. nl' lln; uper-

iiti'in uF Illi! Iraps, whieli were lisbed eunliininnsly, i-svcpl I'm1 brii'l'

pnrinils uf lii^li \val<:r. Enmi July, Itlfi.'!, llnnti^b MjiivIi, \'K>->. llj.' Until

llic pallcrn nf nii'iralidli bad been eslablisbed. and lln1 Imps wcris upi'i'-

Jikul t'licli yi'iii' llu'ical'li'i' only from July nnlil Lliu mini'I nl' bi^li wnli'i1,

siiiimliiiii) in P"GCMibor.

HTOI'fttNfl 11ATUIIIEKY-IIKA11K1) STKIXIIKAIl BA1SUDVT TllOl'T 1H

ff/ff^--

CoiPlnnn Hafchery

rCaunling Slohori

a Lei Molinos_/x>

kii'Iih Z. M»|i of tin- Surn -ill" Itlvi'f Hyp n, Hlmwint: !"1 ■lli;1 "I"" Hi. -:!..!
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UNT OV KISII ANIJ tJAMK

It was found tlmt stcelhcud migiuL: into (lit! upjuu1 Sacmiticittu Htvcr
during most months of tliu your in one continuous run (l^iguru If).
BiHjh season the first of the migration pusses the niuuih ul" llic 1<Y:
Elver in July. The niu in 1054 ami I0G5 wiu emtLimwus uiiliuniil Ihc

Ifir

middle of the following March, In lUfVl very fow, if any, minli.
Jn-ad moved from thu Delhi into |Jn: npp^r

ItmCdlu id" MaiT.h ;imJ llu: ruiddk ol'#1 Thcs IhiJI; nl' I fir run [tjixkun
I In- Kcilhcir JJivi-r ImUvi'mi early An»iisl ini.I fnit: Mi.wmh-T, ;nn| Ihc

petal: uf Llu: iiiigrulimi u.siNtJiy tnjimrx nimr Ilir t-ml tif SupliTillicr,

Above the mouth of the l'V:illu:r River, must ol lliu wiriy migrant
BtGeUlcad remain in the main stem tit tlio Sacramento nutiJ about iln-
middle; uf November or until (Iowa inerwusa sufiirknily in Lribulnry
streams to encourage ingress. During October ami November they con
centrate on riffles occupied by spawning king biiIiikhi, Qitcurhyuclnis
tshawylscha (Walbanin), and near the muuilis ol tin larger tributary
streams, principally between Hamilton City anil Redding. Usuiilly by
the middle of November rain lias swollen Uw entire rives system, per
mitting the stediiead and Uig sulmon wliii:h have nut already spawned
In fan out into spawning areas of the numerous tributaries.

Iimiiediatoly after spawning, most sjccllicml shut Ihc long junrnoy
bftck io sgb. During March and April, sptLwned-out ntcelhcutl ma par-
Licularly rioiiocable in rtoitdiuti iilon^ llto uppiu' Biu:rHittt!nUi IMvi r. In
May tlioy are also hi eviilente in ^<mh| tpjnnLiLiisH in tin; Kimj-iiimjiilu-
-Sjii] Joaquiu Dciia. As late na l!lf>7 L-tjmniurcial gill m-llin^ for Amer

ican shnd, Alma sapidissut'ia [Wilson), was pcrmiUcd in the Delta
during April and May. With the meah sizes employed it was iibiiuul
unpoeaiblQ to fish nets fur shad without uatuhiny stcclhcad as well. The
aatcli of eteelbead ui cotiuncrcml iiets was particularly miUceablc lit
(he spring of 1855, whmi ehml fiubernxni sent in -JO In^. AM Iji^h wi«ro
i'roin steJhead Uiat Irad betui ta^cd (hlrmg Uieir spawning mifji-niton
tlio previous fall.

Juvenllo Migralions

An jiLlcinpL to [lelcrmiue llic* time pattern of the juvenile sUiellumd

migration p.'wt the tnmtli of the Kiialher Rrrar mis murio by Uepping-.
Tliia incdiod provetl uwaiieocaaful, hoi-anw; insulTluic-iil mntibei'K u£ Jisli
were eaptvircil. However, in the upper rivov nil cvkhsiice iiulicutcN n
heavy seaward migraUwi of yt-ai-lin^ in Ihc spring and a much mnnller

unc 5]] the fall. Creel census work ahto showed an incrnnKC in iiiiiubuLv

of juvenile steclhcad hi the upper .Sacramento in tin; lale winter and

early spring. It is thought that this |icri«die influx uf small Ush roprc-
-scnts the annual hordes of juveililen moving out i)E Um U-ilHituriva

towards Hie Kea. This cuuclusiun is verified to some cxttml by Lbc iuhhIIh

obtained from the operation of a downstrouni trap Cur juvunihi Ktccl-
head at Clough Dam on Mill Crt-L-h. It. was found Hint yotmg Jisli mi-
grntfld downstrsmn during nmut uiOHtby uf tlic year, but Mic peak

pcHode fur yearling and two-year-old fish woiij iai>ei»Iuul during lln-
first heavy ruiiofl of fall and UgJtJll in i-;ii'Jy (t]M'hlg. A sinii hir sillHltioi]
was found to prevail in California's POHfttal streams [HJinjmvalitv mill
Taft, iac. tit.}, llow^vet-, Ihe inipTfiUtm in Iho Bnui'iiinouUi Hirer appears

Io he a little 'ier than in Wadiloll CJreck, where tlio coastal sLudy was
made. Sacrai ,to fish ure known Jo bo moving senwnrd in good i|iianli-

lics jjs cjdIv ns February, n nirmth rnriici- Ilian mn«t WikIcVM Owvk
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J|J BEFJLETMKNT OF VtSCL AN'l> fiA.Mii:

fish. When released in Uic spring, liafulicry-ruiirod Kleislfieud ni a akfc
hiryer tliaji ](J to tho pound UKitally nmvc duwinslruuiii rajiidly. Tills
was first observed in 1955, when fish averaging tfeveu to Uhi pun ltd wcra
released at Princeton Ferry in January and several wene landed by
striped biis.4 fishermen three weeks lak-r ;it Siierumoillu, 112 miles dini-ii-
eti'cam. In lWJff, fish averaging seven to tlio pitninl wuws ntk-asiJtl fn IM ill

Creek, about one mile above its ucmflututt'jj with Uio ttimraincnlo, iuiH
wiUiiti an hour were spitting over a shallmv Ijur into tin; Sawamcnlo
llivcr.

Age

Ayes of Siitrarnciity Kiver .^stedhead were sampled by roiulhtg sualos

from 100 ftsh. Scales used in the ii^a study, and later far ealcnhi-

tiou oi growth in length, were .selected tu include all .si™ »ruiips J tmii

the .scales oi" 400 stcclhcud trapped ia the Sacramento lliver near the

mouth of the Feather llivcr daring the fall of 1IJ5-L They Jo not inelnde
hatchery fish.

Examination of tlie scales revealed liiat 70 of the 100 iisti hail spent

two j'cara rn tvesh water before entering the ocuan, lZti li;id sinnit onu
year, and one had spent three years. Included in tha HH) scale fsanijilos
were scales from 17 two-year-old fish, 41 lhmc-ye;ir-oldn, ;i;i I'onf-yeiir-
olds, six five-year-olds, two six-yeur-ulds, mihI one mrvim-ycar-olil. TJie
two-year-old j,Ledhead had spout one year in froglt water and tmo year

in wilt water. Thirty (7:) perecJit) oi: Lite Llirce-yrair-old fish hail Kjient

two years in fresh water and one in .salt water, jiiilI IU (l!4 imrucitL) nad
stayed one year in the river and two in the ocean. Twenty-six (7!J per

cent) of the four-year-ulds had lived two years in fresh ivul.er arid
1 wo years in salt watar,

The age diblnbutioji of Saei'tmitaito llivcr steellumd pt>iiulalimis i.s
similar to tlut in California's coastal .streams, hut tlie per-

t'es of older fish are mueli stJiuller in [.he Sacramento Limit in

streams. Fur example, Paid^kc and iMei^s (.H)4()J ["mind

that of 100 mature steelhcnd sought by aiiglora in Clruuii Liivcr, Wash-
iugtou, 13 were three-year-olds, GO four-year-olds, 2'6 live-yenr-old^ and
four six-yeuv-olds.

Spawning

Steolhcad yiKoyuing extends over a period of several mtJiitlis and may
take place nny lime from the latter part of December tlironyli April.
Fcbrutiry is usually the peak month for talcing ntccliicnG crhs at Oolc-
znau Ilutchory, They bihlwji iu pmeUeally every tributary ui: th« upper
J^iierainonfu HJvur and jippcsir lu tEo ho in nunihoi^ inorji nv Utss pi-n-
purtimiatu Lu tlics iuiioiuiL oi' runoiT. Ljii^u Ktrnamn simli na JMill Dem

and Battle creeks have the largest runs; smaller streams are tied by
fewer fiali, Aetual. muuboHi of sieelhead spawning in the main kUihi of
the SatiraiiHinicj Rivet ami in most ti-Ihiitut'ics are liukuowii,

i'^aminutiuii ol' tlifi Kl.oi'llicaii wwili! Kfimplim rolh'(;led tini-in^ |.hp ['nil
uf 1U54 revealed tlntt B3 of the K)U Hsh m»*oN|HbWiihig fur Lin: nr;4 time,
H for the second time, ami two I'iw- I In- [hirtl Li nut. (hrr i\xh, a l!7,.S-iiK-h
iti'ilts, was spawning lor Mie fifth Ihw. rPlioat! finding arc wiinikr l,»
those of Shin alov ami Tuft (/.jc. w'i.), who J'uinul Uml »Lf 3,FBS adult
stofclhcacl in. 1 in Waddcll Cntck, diiliromra, 15 pei-cL-nl. were »|mn'ji-
iitg for the kcuoiui time mul 2 pmtMiit r»r Hie iTiirtl litno. Ilowwr

STOCKING HATlJ]i]iLtY-H!:AlM-;l3 STKCI,IIEAIJ RAISr«O\V TROUT 17

fpftiifl rnnt«kQ (IRtU) I'diind liiat in Ql'OOH Kivrr, Washin^i
Tj pcicait oC the miiliire staolhtuul umight by uiglcrs in 1D4U and G.!)
jmicGiit in 1S-I1 were spauJiin^ lor ibe sceoml time.

Size

anftniu»«lbi nivrrsU-rlhrad lire ^ll<T;illy smidlcr limn tltCM Co«iu3 in
.iIIht Calirornla hirrnmit, rst'('t>i Hw Khnnalli liivn-. Dnnn^ tlio six
yesu-H ilia I- Uio I raps wurr (tpi^nth'tl iifwr Ihu nmulli of fin- Keallitn- Uivr-r,
nvttr 1JI.1MHJ stri-lhrail wwo fstplurnl. Kurl: it'NjrUl uii'asiiiHMiionis >vrre

made of 1.S,lJ7i. <»l" Iliesn lish. Tin; mamnirnuiPiibi showed Hint during
most years there was :i biiiimlal length dislribiifion; one mode was 10-5
inelies and the other 20.5 inchbs (Wcnro 4). Tlie aattilw ft* consist
principally of age clfissca wbicli hsire Fpcnt two years in fresh water
and one yeuLMil. sea. Tlie Inrgcv xfcsiliead nve primarily fish which have

spt-nt two yo;n\s in fresli wntcr EbllawMt i>y two years in the ocean, In-
i-ltiiliiif* imtRUui of all lisli tnr-asnrnt, ihv. irwflHP s^1' '^ !l fturmnciila
Hiver slt-elhcad wiui FuhjhI Iei lie 1S.1 im'hfa in Cwk length, with a rather
lar^e standard dcvmtioii al 3.4 Inehos, Onntlinp fish under 14 i
in taugth, a, good portion of which ave apparently seaward b
nr,(-eiul n[ asi-ciulinp; 1lie ffror, Ilic ttVCtagC length becomes 1P.7 inches.

Saciamftiito stcolliend a-voraga nliont three pounds in WpSgltt. Pish up
to (Hprlit, potmils iire i-oinnum, while Ilicsc over 13 poniids me teht. The
largest ^.BCllwfld n-eurilrd tTurfilR (he study uei^hoil 1 T> S pounds.

Growth In Lengih

Data |U'flB«iti(Ei on icrawtll in Iftnglli (*E «'ihl or
sli-:;!ln'iiil were oblnined frojii tlio nxnmiimiiui] i>l Hfialfl ^uhiiIhk mul m-

<i.lndn nihtnlateci len^fliK lia^il on rcrIr mensiirfiineiits, ns well as lengths
Keteural at (ltd limn of eaplnrn. All sa-nles wre iitlwn Trom il^lt h-apped
in LlieSaei-iinicnfoKivpr nc-ar tlie niotitli oNlie Farther Blverjiioscale

sfiniph^ wfil'Q removed Troin Ktetilhaitl rftHfEuip! fi'aiu H.G tn 27.R iliehew
in Tori; lrn^l-Jl. Si'Jlies iverr nuuovrrl from ftl) area, between the TfUftrtll
line and dorsal fin on iho left sitlc of each fish. A few wales in enel)
sainplG were inspected with Hie <iid of a blnnsnlai1 mieroseope, and those
without rnfrcncralcd eniitcrR were wnslied and mounted on slass slides
in cleat TCaio Kynxii. The mounted scale* were o«ii»lwcl witb a micro-
pinjrcfnr jit ;i iiHi£in flea lift ii of 4C)X. The center oE the foaus, c.\m\\ a»-

rnilns, tln> liLiirjiin of Uifl Rcalr1, biw! the fiaint ill- wliicli (lie fish tnvtort'il
siilt miici- worn nmrloNl nlfM»^ Uifl oiljros of white i-rtrils. Tlu1 t^Rtnnees
helAvron Ilu-sr poinN wm« incnaitiTtl tn the nearest milliiHoter mid
riii-di-ilnd mi Hit1 I'UI'iIk. All lni^asinrrinrnls were mfttlB in Hie anlcrior

Itrhl of pach wijil-e, flluHR a radial lilio nilk'h tfHS pofpciulwuki' to Ihr

anterior edge of the mw<wtlptiii'oc3 posterior field.

Or the 100 sealc snmplcs ovigiimlly sdected, only the S3 from stecl-
hcjiil on Ilieii- first spav\*nins Dilfrnvllrm wpro nseil l.o dolei'iiiine (he rela-
licnis}ii|i hetwciHi I'ork length and anterior radius nl' Ihe wales, or bocty*
jwnla roiiitiaualifp {Fi^iim 5), Tim filliiiff oT a least kijiihits line to Ilie
iih'jims <ilr fork Irn^ilis, primped h,v onc-ineli int.t-rvjds, and means of the

inrf seiile radii, yielded I ho following equation ?
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18 DKl'AKTMKNT OF FISH AND (MThlti

L = 1.04 H- O.22S

Where:
L = Fork length in inches

<S' = Magnified anterior radius of fish scale in millimeters.
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FiouitE 4. Ler composition of Sacramento Itivcr stoellicad populations. Measure
ments were n: if upstream migrants tr.ipiinl in the Sncrsuuciit'i ltlvnr onc-liiilf

mile a. Its confluence with the Feather ltlvor, near l-'i-oinuiil Weir.
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Tlic following fonuiila l.Iiun was used for a more accurate calcula

tion of fish lengths (Laglcr, 1952):

Si {L* - 1.0-Q

. Si
hi = 1.04

Where: ;

In = length of fish at any aiiuulus
.S", = Length of scale at any corresponding annulus
]JS = Lcnglli of fish at capture

82 = Length of scale radius when scale was taken from the fish.

Calculated fish lengths were obtained by substituting average seale
measurements in place of measurements of individual fish in the pre

ceding formula (Table .1). This procedure eliminated the necessity
of calculating the growth of individual fish (Van Oosten, 1953). In wild
steellicad the greatest annual length increment occurs during the
first year of life in the ocean. Most of the steellicad scales showed some

"intermediate growth"—growth formed during tlic season of migra-
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l-'iiliiltK !i. I(o1iiIIiiiihIiI)> Ix-Imi-cii Turk Ii'IikMi ol' lisli :iml inii^'iilii'il iinlrilor wiili!
I'liitiiix (IOX) nf hIitIIk-ikI from 11 ■<■ Sai'i'iiiiii'iitu Itivcr. Tin- Mi.Im :ir<' IIm- nii-miH of
furk KuikUih, Kri>ti]xul liy l-ini-li ImUtv.iIm, jiiiiI LIk- ecu n hikiniIIhi; niciiiiH of hciiIc

null I; the hIci|ii- of the li in- 1h tliu inuun lioily-Kculu r:i" ■
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STOCKINO IfATCUKItY-UISAKKD STEM.11 HAD 11AIN110W TROUT 21

tion to Ilic si-a, i»rior 1<> entry into salt, wator. Kish which hail spent
two years in fresh water showed smaller amounts of intermediate.
(iniwt.li and entered salt water nt a ^renter length Ihan fish Hint had
spent only one year in fresh water. This indicates Hint the two-year

stream fish, having attained a larjrer size, migrated to salt water at
a faster rate than fish whieh entered the ocean aflor only »>ne year in
Ircsh water. Young sleelhead wliifli hail spent one or two years in
fresh water generally entered sail, water at a fork length of seven to
nine inches. The considerable amount, of intermediate growth shown

by most downstream migrants was probably acquired during their

journey of about 240 miles to brackish water plus an additional 80
miles through brackish and salt water before entering the oconn.

Sacramento Hiver sleelhead grow faster in fresh water and slower

in salt water than sleelhead from (Ireen Kiver, ■Washington. Growth
studies by Meigs and Pautzkc (/oc. ril.) showed Hint Green River steel-
liead reached mean total lengths of 3.4S inches by the end of their
first year in fresh water and (i.fiO inches by the end of their second

year. Green Jiivcr downstream migrants entered salt water at n menu

tolal length of 8.43 inches. In "Washington, mature steelliend attained
mean total lengths of 38.54 inches after one summer in the ocean and
25.G8 inches after two summers in the ocean.

Length-Weight Relationship

During the period from August 1 to November 20, 1956, fork length

measurements and weights were taken of 4S4 steclhoad trapped in the
Sacramento River near the month of the Feather River. These fish
ranged from 12.8 to 27.2 inches in length and from 14 to 172 ounces

in weight. Tlie length-weight relationship curve was fitted to the aver
age weights and lengths of Ihese fish, grouped by half-inch intervals

ol" length. Kaiwli length group was represented by five or more fish. The
relationship between weight in ounces and fork length in inches for
stcelhead from the Sacramento River is expressed by the equation:

: Log ir = —2.205 -f 3.0G3 log L
Where:

IK = "Weight, in ounces

L = Fork length in inches.

The length-weight relationship curve is shown in Figure 6. In

general, there is good agreement between averages of actual and cal

culated weights. The data were not separated according to sex, maturity,

or life history of the fish.

METHOD OF EVALUATING STEELHEAD STOCKING

The plan for evaluating steelhead stocking was to release large num

bers of marked yearling or migrant-sized slccllicad in I ho Sacramento
Ivivcr and then determine the numbers of sea-run adults produced,
their cost, and their contribution to the natural runs and to the fish
ery. No attempt was to be made to evaluate any contribution to runs

s which may have been derived from natural r'-'-oduction ofof adults

hatchery fish.i
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Piounn s. LonsUi-wolBlit relRttotiflhln »f Sacramento Itivor stoallicnfl. LciikUis itud
Ivtiiihls wort! obtaEnttd from UtwLraam niij;r:mls Lnippc] in tlic S.-icrsimmsto Klvcr oua-
ii.iif mtlc nisva Its oonnnoiico wiiii the Fwither Illv«r, nc:ir Prainoiit Wolr. Tim qufvo
ig U\g crni^i or t}io lanpfLki-^'^lKlit i'f|iui[lni); ilu> [lulu rcproKviit ;kv<-i-jii;r-?i of :icLii:il

WclRjltH aurj irii^llih ifr*hi>jIP-*I liy >i:t}r-Kuc:h lnl<it"ViLiH 111 L'tij:Ui,

Adult atoclhoad were LfUjjpcd on tfioir H]«LWuiiig liiigralioti in BnUlo

Creek ami spawned Krtifleially. 'i'lit: Peanlting young wen; reared to
approsimatoly one ycur of nuc, murkcd by clipping olt various eomlii-
iiations of f and reloasoti in the upper Saomnionto liivor aystoiu,

ordinarily i. ng their normal Kcaward migration period. In tliis
report, Ihft wurds "itmrltitiir" ami "flti-clippiii!!'" an' used inlcfi'lunitrc-

BrnKWiiun axwwvi tkout

such that
other data lot

each

i sh

humbir. sK it was impossible to l»p nil of lUo<5tcc Ucaj.
to ii,d out how many Imtehcry fish «crc ««(«« J• , tl.c J

it was ulso ucccasiu-y to dctorm.i.c tli t a «« o* ^
« douo bv n las and recovery method, the ki-j to tins.
L is c. mnmal ndull rtrrihmd pon.hUuv,, wthrnil.-.

1( ich of boll, wild and haU-hory 11kli is art "inted fruiP Uj
i ,l Ws ulun.cd by luortuiiw. Costs involved Eli rvuring n d
SKjinS 2 s:ii. wim u.

om-Unga or a total

Ssh 3d b, shortened smnewbat without matariu ly g ;
■ i,m of he results. TlifrcToro, the plan was changed to wiwbt u
SH ill plS o marked fish and an evaluation period to extend

ri. biffoi.il Uw lust rein™. Tliuni the pn.jwt Hud work
S SihuS ii. the winter uE 1958, UhUmU u! On original Uu-gel

a'll° °£ ltir'0' POPULATION ESTIMATES
\ nnwimiJ* stated Q hia and recovery procedure was used to dc-

,,,t b s SeilK population in each year. This method
T m,«Uo «timaU:m requires that a kiwwii n.mdu-r » ish bo
-one L»iut along their migi-aliou wute, am al owed to pro-
5 uwtrUm.Vvo.n the ratio of tagged to nutated lish observed ill

,. Item above it is possible to compute the size or Die spawu-
hS ?.™ FoSd that this ratio h repre.enlative o£ the attire popu-

Trapping of Adulls

Tbe ,,reviou.lv mentioned largo wire fvko triips wore openitt-d ill the
s,i-m o lliver just above the mouth of the leather. River, near
K Wei,, lo ».m|.lo ad.dt steolbead ,,o,mli.li<.»« mijrra i..K Into

' ,.,- KkuumcU., so thai, larp- mimlHjw iwib mo ' ! »« ^l"
!,„,,! ud could be oxHiuined I'm- lin-d,ppcd liu d.er.v Ibh (lujrure, ).
ThSSnipping site was not ideally loealed ior ,, Uig uiid reeovcy type
, o , , iumata because of it, gi-cnt distance from the Ug recovery

' LCr thu seven traps used were very elkv ■ hi capturing
rt , mbcrs o£ adult stcolhoad. The percentage tlic tola! run
S"TW« varied from 10 to 20 and av.ra^.l about IK.
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T-

n: 7. JlomovJiiff oaiitnrttt] Btootlieiul from it wlra fyhe lin:i|i. Huvi»n lnt|rtt \vcm
operated oacil scanim In ilic- Snoramanlu lllvi-r una-linH mllo nhnvi- Us mmllln-tiuu wlili
llie Feather lllver, near Fremont Weir. fhoLuuraiih by Itlohanl ./. llalloclc, Vatuhcr,

1052.

Captured ii-sh were in cxcolloul condition, even wlicii left, in the Li-nps
us long as three days. During tlie six years from l!)5:i Uu-uu^li 11)58,

a totnl of ]!),4UJ ateellicnd was trapped, including 17,t)Sj (isli .1-1 indies
and over in fork length and 2,;ilJJ tinder 14 inches.

The traps wore only slightly selective with regard (o sixes of. slccl-

licad enpttircd. "When tlia run consisted of ;i huge inuubui- «l' eom-
pariitively small individuals, a greater percentage ol Liu: lolal run
was captured. A good cross section oT the Ktacllicml |)<ipiilaMuiiN was
trajipfid cncli .season. This was indicated by i;cnnpanil.ivo j-utjos of
tagged fish observed eiieli suiihoii in Koverul ureas abovo tliu i
site.

Tags Used

Silica ibis i
lo present a s.

;im? In snv IllJ'l

>t a report on various typos of firfi tags, let it siiffioQ

s deaunplmn of the l\wi Ui^h used wiih equal s
.1,1111' «i iulv M-if ■■! ; i.. ..i i. -.. i. .- f '

JIATCIIHRY-HKAIlRIl BTEBLnEAB

u,e OelenulimUoH of [lio ln*t Inralloii fur

TBOUT

iiiehi»g loga to a el

«t«kilvI^X8L-.,1,ad w,n- laK«.,i will.
i «/'«/., 1951). The- individual disfcs wore
ni,,,,U., ou.-balf im-.h in fliamrtor n.ul ».(»« mc-1. 1. k A;

tl,,,uL.h ill,- |iri»t»l Uijwiil vHriwl i-iim-wlin '■""• jr««r ll1 ?« '■ ( * J
for one si.le of «di Csh m iiw.-1-lbecl with u iiuntbm .1 .1 . i -l -
,llllt Uia I«B be sent to a defied olliee 0 Hie BeparlBPid.tJJ'
m,,1 Onnic, whHo (he ilitik on the opposite side of he fish m pin .
A «nmll uumlHT of tip were attached to fish with u»i«limi «"»■ - e
,|,e m-OHl mujoritv of disks were fastened with stallriesi Rtocl wire.
Yario.sh- ,,,1,'red disks w.-ro wil. h.eludii.fr R'.l, vrllow ami «h tc,
all wilh'lua.-k loLtn-iiifE nml nmnlh-riim. MWi .■ons,,l,,aM1- «»ri-
moiilnlioii, it. was louud thai t!i, best rotilU wriT ylHanu,! b> luuu
[lie wire liiroiigli tire HhIi*« body just, inuler llie nulenor portion ol Uh

°Tho scwi.il t,vpe of la- used was Iho tubing or wi-i-iilloil "«l'
l-i"" (Collvcr 1954) The outside diameter was generally iiimu
inch. Tlie tubing was made of a vinyl plastic. This ph^h « now
to be Mndiiofwfc to rate (Oppwliehncr ctal IH65). Ilowev, , hm gh
nvubablv not made of n desirable material, the tubing lays did Mrvo
|,0 purposes of the study, and no ill rrtcctH wore not«il in«<il«r as tag

rr^-.Kis -ti»w«^"Cs.S' .s^.t'wm ;"5SK
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roturw-j wove ccrmiernud. WIhhi first usril, ti iiuiiiIhm' ami return
were inscribed o]i tho tnbuifr ilneir, Emi after tun fust wiiwifi h I
disk, willi nn inscribed legend, whs crimped lu'imuti fhi; lulling. Tulihi;
tags were iifhiiilictl tlu-migli Uig body ni! (lie Jish just under (hi: pos
terior section of the dorsal fin.

_ The eftcctivencKs of tlic i\m Lyinw «f laus whs jihoiit upiul and no
significant cliflVii-eiiee hi returns Ijv ati^lci1* wiik

Effective Numbers of Flili Togged

Populiiliun cNtunsitcs wore iiuuli? duHn« each <if the nix mnmrm, l!>5:t
UuKHifdl 105S- Durinft tlirw pericid Hj.102 sltvllu-.nl. rm nvcivifrp nF 2JHH)
a yew, were taj^ed. AM tugged fish did not iiiiffrutfl iiiml.ii* iminnli-
utely followiriK relca«e. Mnny ireru lund^il Ly an-lcr.-, IjoIuiv l.h« iri^-iniT
sile, piirtieulai'Iy at the montSis of I 1m- Amc-ncnn iind [t'tttiher rivers.
Others vwi cau^it Fartliei1 downstream nmi in Hie Dfliii l»y I in 1,11 t-oih-
tiwardal nml sport Rriiprmcti. Rome tn»^w3 s(ri-lln-;nl cniorcti Ihc Amcr-
ican niicJ Vcnther rhnrs jijkI were recovered til vnryin*; ili>l;im-cs IVcmi
the SiLcniiiifiiLij. in nil, 47H tiijw. an nvpnijre nf S(! n yc:\i\ were iv.ihvcii-d
II tllC tlipfTinjr ;„■(,;,. ( | j' t|,(.Kt, _|7K ^ Jfj w'[l)1(, |;||;r|L |V())11 fis]|

Mum H iiicIick in irtijrtli mul :{i)(l u---rr ln!«-n Hikii fisli l-l ini-lji-s
suirt over in Icii^Ul Of tin; lii-s atlJirhrd, intlv khVph ivim-c iwrtvcrcil in
the ucoiui, jiI! ti(I the (Juliruruiat wmst

In order to arrive ;it the "L'llVrtivi-" miiiibi-r uf inwrril li.sk ivtautnl
each scnsoit, those leuovcicd belinv the Lmfi|>hi<r 'nrpn ilurfn^ the whmhi
in u'hicli ihp.v were tagged wei-e Kublratitt-d IVuiii the L»l»l liiiiiicd thai
year. A close cxmniiiatlon nf the tagging iind iinmvuvy dnl;i ;i1ko i-n-
ycfilcd Unit, altlioiifili a eonsidenible iiiiiiibpt* ol! NtwillM-ud imibi' M
indies in length were tnpjred, nmt nlilimi^h li^li ;is kuiiiII ;ix 1^ im-hes
luitfivitftd IVcim die Di'liu \t\tit thfl ii|j|h-i Sjn-niiin-nfii, n-l:it rvi-j.v \>w <il
ihtiKO hiiiull lilted nLccIIiciuI wave (iE>si;rvcd uhnw I In- linppiti^ nnii.

Atigfers I.-tiitled n lmiuh lii^lier piopoiiion oE tiime fish wiiiuli were
tagged wlien iintler 14 indies in lejiptli. In addition, uliiiimt IwlF of (lie
.small togged fish caught liitniiijf tho rc?iw)1 r>i' tnpjsinfc iwwb liuiflw]
below the tag^ixg urea. Tliia iiulitaitcK tlmt many of Hie siiuillui' lish
were attiKilly migratiiig seaward and \rerc unavnilnble to tlic upiHir
river Eteolhcad fishery until the .sensun aEtcv tii^iii^. Thcrc-foit-, ;ill
ta^s attuclied to fish under 14 inches in Innyili m*m aim Kiiltl.iin-i.nl
f»Hi tlio total tags attiiclied caeli season in ortlw tn univr :it tin- "rf-

fective" number of fish tnjaccil. Population e«tii»at.(fl uir Uiiih fur lish
14 inches and over in Iciifftll. Thiiri'lDic, Hit! population I'slinial^ tt»i
miminnl, sinae unknown nuiulient of snmll ii^li huvo I n H
Tho ooinputed returns of sea-nni linteliery fisli also lurnnic
since .some marled fisli wwo Ipsis tlmii H iittiJuw Imsj^.

Examination of Sleelhead Above the Tagging Silo

ill ortlw til Mini out wlnit |ii:i-(;iiii!a-i- nT UiC run lunl Ijihmi l:i
and In determine the rntio of nmrkwl in unnmilu-d fi.sli, its many
IicjhI iik possible; were ramiiiiml in the itpju-v K;i< iriinciilo Nivi-r's
each rail mid winter during and followiii^ 1 Fie la^iuj; pt-itud. SCi-t-
were esnu:* n in Mill Crock «t :i (■oiinfni;: stnti mi Clmi-li
(PiBine 3, -t the Coleismn liatclipry holding ptmds mi Itsittlr
Ill tllf J'Ti'sMifl; Dnin (isli trim rm fl inicr W.- :inri<nhi -nul '<

STOCKING UATOHEttT-BEARED STELa.UEAP RAINBOW TllOU'r 27

B

cuursu <jI" m-ct'l misun work »lun» tllLl Sacmuicnto hikI its ti-ibtitnrit
lu'twmi ^leii*li:m and Ittttliliiig. During the six yoais in whiidi pupiili
lion L'NtinuiU's wTi-t! iihmIi", 1^,57!) siwlhciid 14 im-hwi ami uvlm- in luii^t
we™ pwiniiitwl jiliou* ilit- Ing^iiiK site. 01' this nuinbi'r. l.HS^ ]mil in-t
UiskwI during I ho son son in "'liit-li llu>4v wpit i-iHmviTnl, Im-lndin-j; hut
lish tmi>|ttttl wiU lisli uliscrvcd ubavo the htippiny: stir, uno mil ol! evci
fciur uilult utculhciul in the population was lumdlnl racli mmsdii I:

iFiusi' mukinji the sluily.

Two

Mctliod of Computing Population:

k nf auinpnHn;; tlie steellinid popnlfttioiiH
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the l'ctersun method (Kicker, JiJSH). Hitimi both itmHliimliird teulinitiiiea,
they are describee] hun-in only briefly.
Tho use of taggiiijt data to provide sttilmtles on populations nf lisli

Kciiei-ally imjilies tlint (1) aitliai- tho tuKuiiiK m raunpliuji :■ 11 <■■• liifrjiiiiK
(or both) is done Ni, miidum, {2) UiKK"il lisli mifTur I.Iir- snini! i ■T.'ljiv
as UlltUffK"! mum, Oi) UlKKinl lisli iln mil. Uatn l.ln-ii- lnjm mill, ( I ) Iji ■«,'<•( I
lisli are iih virlintrnlild to tlin fishery as imiftgtfiKl mii-x. However, Hi-liui-h-r
(I'JUl) Uikai into ftutmiiit I lie; |>!KxiljiMl.,v Unit slcdhpiid (nr ntiy hUut
species of fish) may not necessarily be a single, lioinoKuiicouJt, beuh-i
[Jetelj1 mixed population, and the "misintt" or this™ fish hclwiiiii I.)J
time and plueo of tagging and that of Biibaof-uani sampling may not, be
complete. To rcduco avvars which might be iutroditm.'d into |KmiimUnJ
estimates, due to the probability Llial all jmrt-s oi.' tint population may
not have the same tag ratio or in the. probability Ilia! tin- inclusion u'f
ji f£Jveil fish in a sample is a Junction nl' lli« lime of sampling ami Ihi'iv-
forc a function of the time of tagging, the tagging, and rccovmy tint it are
divided by Sdiaefer into iinnvenienl, periods til' lime during Lit*1 season.
This provides an estimate of tin- population prrseni in sm-eessiw limo
intervals, bolh at Hie liiftfrillH site and in |ln; ivi-ovecv iircil, iis well as
the total populalion, »v i.be Mini ol! the mtarvnl esliiiiale.s. However.
wlion cilbcr the tagging or the Maniplinj; is "uniform", and Hie probn-
hility of a (isli being ttljyretl «l" reei.veicd is autiKtillit, Hie more I'llltlbtfl
some formula proposed by ydiaefer I'or computing lisli pupnbitifil
(iHtrpoaoly omitted aiiiuo, as will be cspliiincil fatal", il was mil used)
reverts to the simple Petmficn ionnnla :

MC
N =

It

Where:

jV = Size oi' tlio [JDpit

;l/= Number of flsh tagged
('. = Number of fish samjilcd

]{ ~ Number of tagged fell hi the sample.

In general, the 1'ctersen formula fur uniuiiIntiiiK Hull pojmlalious
tends to approach tho correct .size oE tho populations more elnselv as
tho sample size is increased. If either the tu^ins sainplu or Hie rcnivury
sitiii]ile h random, an unbiased estinmto ol' the total pupiilatimi itmi be
obtained. If both tagging and sampling are. selective, Hit; esiiinalc may
be biased. In effect, vvlien all parts of Hie. jiopuhition Imva the same,
tug ratio, it Inukes mi dilference whether or mit .snbsci|iii'iit. s;iinph\s
represent vaiion.s jmrts of tin: ptipululiou i!i|linlly. 1 hlil.iuu, ir lh<-
popiilation is rajidojiily Kuiuplcd lifter Uijifxinjx, so ibal. Llm pmbabilitv
of a given fish beinj; sampled is not. il function of liiiir of .sampling or
time oi' tagithlji, imy ituevcil distl'ilMllinn of (a^s dilP to Ihe lime of
migration will Imvo Jio ell'ret.

(Jhi-sipture l.itsts wijni applied N I}..- Laftgiitf,' and l.aj; monvi'fy dala

to uoinpare Ihc si^o disiribntion of fill lisli which were lajrsi'd willi Uie
siKG distribnlion of Hie s;nu|ile.s ol' laired (ish reeuvered in Maps ;il
Clough ]);ini, Keswieh Dam, and Colemun hnteliory, and in ereel eiai-
msos on the milieu to River. Couibhiiilion of ihe i-fcuvitry thidi ob
tained ;it all iv localities icveideil significant diwrepiineJes belwecn
* 1 »■**■ olwriTil -'..A ,.,-t,,.,.i,vi mi,,,i,..,... ,,r r i fi.i, : :.

RT0CK1NC1 llATCUEUy-Hi:.\lli;i) STKl'I'.UKAtt BAIHBOW TUDUT 2D

ttories. Analysis oi' taijr recoveries from eAt'li locntion revealed that only
(he ereel census data exhibited the exported cVistributiwi of tags by
sian frnmps. Chi-sqnare tests were also ninde to determine wliellier or
not lish examined lit. Ihe Foul- loealiliefl showed il ennsisient ratio of
hijijtcil In iitihiKKi-d individual. 'I'iiis was Hmw by [psIinR liw rivovery
sampW a-raiusl. Ihr biirdi'l" lolals. Kldlwlinllly si-:nUi.'anl tliil'er.-ni'es

vvi-n- rmiml in Ibu Ing ralfiw nl llm lour b.i-alilies diiriut; five ol' Ihe
six years ni'mlyzrd. (Hough Dam ami l*»lciiiHii ImU-hury showed Ibe
least nniFonn Ing ratios; usually more tnjis were observed than cx-
lieeled at CHou^h Dam and fewer at Goleman hatchery. These Uv-
ratios wero slati.ilieidiy inconsisleiit, even thmifrli nnimal differences
belween pereenfii^es oi' tilg« in all recovery areas varied i'riini only
:t peirent III* 1067 1o 8 jicreoiH in W'.fi, and averaged 5.7 pereeni. How-

e.ver, winiplinp "ver a large area, as was done in the Ra eramen In River
syslem, as well as eNaminafmn of fisli tlirouyhoiit flic, entire season,

would lend to eonipeiisalc. for diw.re]ianeies in lap ratios between areas

when noiiipntiiifr population e.tlimah'S.

A similar problem ol' iiicdiistslciH'.v bclwoen Ihr mtliw ami lllP dts-
li'ibntioii Of tjljpi ill Hie reeovery sampler wns nolcd ill the I'Oinpllttl-
tionol' soeheyc salmon (Oiir.orhipir.Inis iicrka) populations (llowai'd,
1948). Ohi-nqunra analysis of Ibe soekcye BfimpliiiR dnta demonstrafed
si^nilii'aut. dilTerences ill the tajr ratios wifh respeet to time. aiva. ami
sex of fish. However, the. over-all tag ratio gave tin aceirrale measure

of Uie population. In ihe ease of the soekeye salmon, where the tag
rtUiiivory was Trom dead lish aflei- spiiiviiiilg, Ihe uiimerous causes (>r
variations in inunbera of lags reeovered coni]iensjited one auolher. jiro-

vidod that Ihc sampling was complete wifh regard to both time and

area.

The l!)fi(i.r>7 sltM-lhi-iid tiijnriiifr Hud til" reeovery dalii were suli-
iniited lo bolh Ihe BcIiiu-I'it and 1'elersen melhods. The residlinu' pop il

lation estiinafes were nearly the same. This was not surprising siuee.
as was revealed in tabulation by the Sr.hacfer method, the probability
of a fish being tagged as well us being recovered remained fairly eon-

stunt throughout most of the Reason and, as previously .stated, under
either of these conditions the Sohnefer formula reverts to_ the 1'elersen
formula. Because the two jiroeedures produced similar estimates, it was
decided to abandon the more, time-consuming. Se.hae.fer method, par

ticularly since the population sizes entering Ibe upper river were not
being .sought on a time basis. Instead, a slight, modification of Ibe

method proposed by Peterson was adopted. With ordinary or direct
sampling, when Ibe size of the sample av samples is fixed in ndvnilPO
ov is cnitll'Dtlcd by lisliiujr sueeess. el.i'., Hie 1'elersen formula lends lo

over-estimale the true population (Kicker, loc. fit.). Therefore, the fol
lowing modified Peterson formula proposed by I'.ailey (10511, wliieh

neeonling lo K'ieUer gives an almost unbiased esl iinnle, was UKi'cl to
eoiii|iille 111'.: sieelllftld |iopulalions in this report:

1 M (C + 1)

11 lt + 1

I>nrillg Uie six seasons 1053-84 Ihnmgli 1J)R8-5D th lull sieelhead
pcipiilriliuil ill Ihe upper Haerameiilo Hiver averaged 'a .0 (isfi | Table
•M In I1|(< In-ii in-ill: ia«il«itliv iif 1!l*i4-fiii ;iiol '{tii^-iifi il wtft Illldlli ''^ (Hid.
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Since then the population has declined and in 1!l.r)S-.r>!i ji was down to

about half that of the peak years. These figures include hatchery as
well as naturally-produced slcclhcad.

To find out how far the computed stcclbcad populations might be
expected to differ from the actual populations, !»fi percent confidence

limits, as advocated by Chapman (1!MH, equation no. fifi), were deter

mined for each computed population (Table 2).

TABLE 2

Sacramento River Steelhead Population Estimates. The Calculations are for Fish 14 Inches and

Over in Fork Length, Migrating Upstream Past the Mouth of the Feather River

Sermon

1053-51

lOftl-fWi

luss-sn

loftn-.w

1OA7-AS

IIIAg..ri1l

Effective

number

of fish

tneged

1.4S1

4.173

2.270

2.082

1.821

1.7:1.1

Number uf

fiali Rntnpietl

nbui'c the

taesinit Bile

882

2.U0I

3.081

.'(.(Kill

2.1178

2.<SttH

Nnmlwr <if

UibkkI fi»li

ill till!

8lllll|l]lt

88

l'i(l

240

1117

2711

.TJ2

NiiiiiIht of

full ill tlio

|Hj|»il:itii)ii

ll.KKP

28,1(KI

28,32(1

IH..-1SO

111.) Ill

1 I..UCI

•ir» |HTr«'ni

(TuiilitlriuiT limitx

J«mver litnil

11.1MUI

•JO, 17(1

25,2-1(1

17.11111)

I7.4".1>

rj.tisH

limit

I7.7WI

.'III.1IKD

I1K1I7II

■J I ."Nil

Ci.lilil

RELEASES OF MARKED FISH

Tlic releases of marked yearling steelhead were designed primarily

to pivc returns of sea-run adults which would permit an ovcr-nll eval
uation of the total fish stocked from each brood year and also to deter
mine the size of j'cnrlings released that results in the best. rH urns of

adults. Information on the best lime and locality to stock lisli, Ihoii^li

recognized as highly desirable, was necessarily sought only as a sec
ondary objective, principally because of the nature of the program and
limited study period.

Sportsmen with limited funds paid steelhead food costs at Coleman
hatchery. A fixed amount was available each year for this purpose.
Whereas it was practical to make early releases, it was not. always

feasible to bold fish for extended periods before stocking, due to the
extra food cost. In addition, the hatchery production was d<?voted pri
marily to king salmon. Large numbers of this species were held through

the summer, because of the limited number of outside ponds, holding
large numbers of steelhead for extended periods would have interfered
with the salmon program.

Egg Sources

At first, all eggs were taken from wild steelhead trapped in Hall.li!

Creek. However, later in tin* study they were also obtained in llallle
(,Vcek from returning sea-run, Imle.hery-reaml sleelhead. A small per
centage of the eggs was also obtained from steelhead captured during

the regular fall-run king salmon trapping operations on the Kaera-
tncnto River at. Keswiek Dam. All stcelhead were spawned artificially
at Coleman hery (Vigurc 10).

STOCKING HATCIIEKY-HUAKED STEELUEAD RAINBOW TUOUT 31

Kinuuio 10. Stccllicnit simwninR ulioriitlunx lit Oli'iimn Nalliimil KIkIi Hiitclicry. p
I .ill 1111,' ckkh rioiii :in niii'Htlii!ll'/.i'il ri!inu!i<; B, fi-i tllizlnK i'KKM (noln UiKKml IIhIi) ; C
ill|i|lini; il Kiiawiicil-iillt IIhIi In 11 fuiiKlrlili' hi>IiiII<mi (iiiiiliii:)ilti; kiuiiii) liuTuro lelc.iHln
It In liuttlc Creole, i'liotoi/raiiha A anil V by John Ji. liiyya; und U, by JUchard »

Uailock.

SJC-438 



:\2
DKI'AKTMUNT OF KISII AND OAMK

Shortly after tlie study began there was some doulit as to whether or
not the smaller fish being captured in liallle Creek for spawning pur
poses had been to sea. To be certain of this point, scales were taken and
examined lor ocean growth before any h'sh were used lor spawning.
Only those known to be sea-run fish were spawned. This was done for
the 1!K»4 and 1955 brood years. Adidts from .subsequent, runs were
spawned on the basis of size, since scales from virtually all lish over

21 inches in length showed ocean growth.

Marking

The 1952 brood year steelhead were marked in tin: Jail of 1!)W, sev
eral months before they were released. This necessitated a re-count at
I lift time of planting. Fish from most succeeding brood years were

marked in the spring, just, prior lo release (Figure |]). AN lish were

Kimiiii: II. M.

rlclit vvntrnl liu
iK n ycnilhiK hIih-IIkuhI at ('.ilnn.-ui N:ill.ui:il Klxli I l:i(rli.iy ■I'li.t

is lu'lnc c-IIiii'imI. One ntliri- IIit :i|w> will Im« cx.-Is.mI I tnpM.. tin;

STOCKING UATOHKHY-HKAUi:!) STKIXI1KAI) HA1NMW TROl'T 33

anesthetized before being marked. Anesthetics used included urethnne

(ethyl carbonate), c.hlorclone (chlorobulanol), and M. S. 222 (tricnine
melhanesulfonale). Most fish were marked with the aid of M. S. 222.
Chloretonc was used only sparingly during one season. The use of

ure.lhnne was abandoned early in Ihe study been use of its carcinogenic
properties (Wood, 1!>5(i). Kni'h of the anesthetics worked satisfactorily,
but M. S. 222 appeared to cause less marking loss if the fish were prop

erly exposed lo the anesthetizing solution. 1'snally about 1;"i women

were hired each year lo do the fin clipping. During Ihe marking period,
fish were sampled daily for correctness of marks. The marks were not

repeated oflener than every other year.

i Grading

Juvenile steelhead were segregated by size al Ihe hatchery to promote

maximum growth and to prevent cannibalism. A standard Morion fish

grader, capable of separating fish into five size categories simultaneously,

was used, (irading was done three times during the period that each
brood year's fish remained at the hatchery. They were first divided,

about, six weeks after hatching, into two groups: one group two inches
and under in length and the oilier over two inches in lenglh. hi mid
summer and usually again in the fall they were graded into four size
groups: under 2.1 inches, 2.1 to 3.1 inches. 3.1 lo 4J, inches, and over 4.1

inches. If ,he fish were fairly uniform in size in the fall, they were

separated at that time into only three size groups instead of four. The

fish were not graded again al the time of marking, except for the 19f>2

brood year fish, which were marked in the fall. The fish to be given
separate marks were selected from the previously-graded groups, often

by combining two or more of the groups containing Ihe most nearly
equal-si/.ed individuals. The fish were hand counted and the total weight
of each marked lot was obtained al the time of release. At the lime of

slocking, length measurements were also taken of representative

samples from each lot marked (Figure 12).

Numbers Released

During the period 1953 through 1958, a total of 1,041,754 sleelhead

was marked and released (Table 3). Only the (i(i3.24() fish fin-clipped

during the. first four years wore marked as part of the evaluation pro
gram. The remaining 378,514 yearlings were released as part of a new

program initialed in 1957 by California Kamlnops, Inc. and Sleelhead

(iiilimiled in cooperation with the Fish mill Wildlife Service and Ihe
Department of Fish and (inme. There was lo be no evaluation of these

releases. They were marked in 1!)57 and 195S lo avoid confusion be

tween hatchery and naliirally-produced fish during Ihe la*l two years

of the evaluation study. It. was also hoped that some substantiating data
might be gained from Ihe continued marking, even though Ihe cvalu-

alion of returns would be limilcd by time.

Area of Stocking

In 1953, the first year that steclbead were released, there was only
one size group and all fish were given the same marl' icy were split

into four lols and planted in l'.nlllr and Mill creeks ;... . in I In- Sacra-
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DEPARTMENT OP FISH AND BAJIK

Figuiik 12. Handling marked yciirlliiR sleclliend at Colmiiiin Nnlioiial KIhIi ll.-ilclioiy.
A, hand counting fish; B, measuring flsli: C, welnliliiff fish iniur to iM-Ifiiso: D, n-lriis-
\ne fish Into the channel which connects the hntchcry holtllng iiunils with lJ;iUk-Orecli.

Photographs by John E. Riygs.

mejito River at Ord Perry and Princeton (Figure Mi). This rather

widespread stocking was carried out to get some idea of what returns

of adults might be expected from releases of yearlings subjected in part

to the summer "trout" fishery, or at least stocked in Ihe (rout fishing

area. Creel censuses on the opening day of the 15>f>:j (rout season fit

Battle and Mill creeks; showed that all of the. slocked sled head hail not

migrated to the sea. Many limits and near limits of marked fish were

taken. Therefore, since the principal evaluation was lo In; made on the

basis of adults produced from releases of known numbers of yearlings,

fill steelliead planted between 1954 and 1!)5G were slocked in (he. Sacra

mento River at. Princeton, sonic 110 miles downstream from the nioiilh

of Battle Creek. This is below the general trout fishing area. Very few

yearlings were caught prior to entry into the ocean when liberated

in this portion of llic river. During Hie spring of U).r>7, when the second

cooperative "lortsmen's steelliead slocking program was started,

marked fisl re released in the Sacramento River at Princeton and

STOl'KINH HATCIIEKY-ttKAKKD STEKMIKAI) RAINBOW TlfOUT

TABLE 3

Hatchery-Reared Steelhead Released in the Sacramento River System

Murk'

Ail-KV

AiI-IIV

IIV

Ail-I.V

A.I-UV

A.I-HV

IIV.. .

A.I-I.Mnx

IM.V

D-IIV

AiI-IIV

AiM.V

Ail-KMax

Ail-UV

IIV

D-A.l

T.itula

yrar

1M2

11193

1(151

1095.

,05.

11157

«f rrl«f rrlraso

llnllli- I'n-vk

Mill Cm*

SaiTauirntu Him al Onl Ferry

Smmuimtu Hirer ut lYmci'lon

Siirritiiirlilii Itivt'r ill I'riiiri'tuil

KiU'ranu'liln IliviT al l'rilirrlon

Sacrumrnl*) Itivur at I'rinct'tuii

S:iRr»iuPiiUi ItiviT nl IVn

Ilaltlc ('nvk
.Snrminciilu Ilivrr a

MilK'rrrk

-7 Kucraiuciilo Ilivrr al 1'rinectim

Wimli. 11)53

March i April 1953

Jnnuiiry, IWil

Mnrrli. IV.'. 1

January, 1055

Frbrtmry, 1955

Dc.nulxT, 1955

March. 1050

March. 1950

Do.cn.Ur. 1950

January, 1057

January, 1057

January, 1957

October. 1957

DrccinUv. 1957

January, 1058

January. 105H

April. I11.1S

Number

IHHlntl

S

in

11

1

is

7

20

a

in

22

li

—

12

.10

Sli

12

22

li

\vtraRt'

turk

(iurhis)

0.0

S.O

I.S

O.S

4.3

C.5

5.S

l.r,

7.2

7.0

5.9

4.3

2.7

G.S

5.7

4.4

7.3

N'uniticr

Individual

•-'5. ISO

12.650

11..S70

I I.V-'TS

40.252

ui.no;

IS7.G51

11.1.137

50.755

32,177

20.029

00.979

I07.32S

1S.2H5

Total

51.243

40.727

I.U19

1.011.751

6:l,.W0

ui.sis

177.259

370.513

227.113

I .'.I.Illl

1.011,751

>.Mrt.rolathma an- as lollmvs: II-ihirail; V-•■rrnlral: \r -lrfl: B—rliilil; ll-lwlli: AiI-.iiIIl.w: .Mas

Redding 'and also in Mill and liattle creeks. As in 1953, catches of
marked juvenile fish were so great in the upper river system that all
fish relea.sed.in li)58 again were stocked at Princeton.

RETURNS OF SEA-RUN HATCHERY STEELHEAD

Sinci! sport fishing for st eel head was permitted below as well as above
I lie trapping area, returns ol! sea-run hatchery llsh lo the upper Sacra-

iiienlo were lowered by an unknown qiianlity landed by fishermen in
tins lower river and Delta. No successful effort was made lo determine
eilhcr the. numbers of hatchery steelhead in the run, or the landings by
fishermen below the trapping site. Only a minor steelliead sport fishery
exists below the city of Sacramento, and most of the fish caught arc
lauded hy striped bass anglers. However, between Sacramento and the
trapping area large numbers of steelhead arc landed I"' sport fishermen,
particularly at the mouths of the American and I' ler Rivers. The
former connncrcial gill net fishery for salmon in the beta also took con-
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IIKl'AUT.MUNT 01^ l'IKIl AND OAMK

B
Figuiii: 13. Rclcifibic nmikeil stia-Hieiiil. A, Illiulnllnp IIkIi in the .Siicruini'iUo lilvii-
nt the PrinecU'- '■>rry n!I|i ; B, stuvlilni- IIhIi In Mill Creek. THinnm County, l'linln-

h A by J La t'nnncc Mth ijisa l B b Jh li Iti Mh U
te PrinecU

yrttphs A, by J
y | ; , i

. La t'nnncc, Mutch,
n Mil Cee. Tm County, ll
anil B, by John li. Itit/i/x, March, HUH.

STOCKING IIATCUIKKY-UKAItKl) STKKI.HKAH R.UNHOW THOUT 37

sidcmlilc iiuinliiM-K nf slivilii-ail iii I In- fall, as indicated by Ing ret urns
and observations. This fishery was abolished at the end of the l!)f>7
season by the State Legislature.

Since returning fish bearing the same fin mark were at least two years

apart in age, a method of separating identieally marked sea-run
hatchery fish into their proper brood years was devised. This eoulil have
been accomplished by hiking scales from the marked fish trapped and
determining their ages; however, this procedure would have been rather
time consuming. Instead, identieally fin-clipped fish were established in
correct brood years by length measurements, a procedure which almost
eliminated the necessity of scale reading (Table •!). Most of tin* fin-
clipped sleelhead trapped in the lower Sacramento wen: measured. In
IWifi identically marked fish from two brood years (Iiiri2 and Wii-H
returned together from the sea for the first time. Fork length measure

ments of these fish revealed two distinct size groups. Through the fol
lowing years, continued measurements showed that there was practi
cally mi overlap in lengths of identically fin-clipped hatchery steel-
head, so long as the mark was not repented oftener than every other

brood year. Among the three- and four-year-old marked fish, however,

there were a few whose lengths were such that scales were read to be
certain of (he brood year.

The examination of sleelhead trapped in the lower Sacramento River

provided only the percentage of the entire run consisting of hatchery
fish; the total numbers of batehery fish in the run were calculated by

multiplying the total population by the percentage of marked fish ob

served in tlic traps.

Methods of Presenting Returns

l)»ila on survival of yearling sleelhead to time of return as sea-run

adults may be presented in several ways. Three methods are used in this

report:

The most common method is to compare the numbers of yearlings

released in a river with the numbers of sea-run adults returning in

subsequent years to that river. Returns of adults resulting from releases

of variously-sized fish provide data on the best size of fish fo stock.
Returns from fish planted at different seasons of the year reveal infor
mation on the best times to stock. Tn some instances release of fish at

different locations in a river system may provide additional informa

tion on stacking localities which result in the best, returns. There arc,

of course, several combinations of fish size, and time and place of re

lease, which makes il. difficult to separate Hie dominant factor governing
a particular return.

A second method is It) compare the numbers of adult steelhcad used

for artificial spawning with the numbers of sen-run adults produced.
The returns permit a simple comparison between the efficiency of arti

ficial and natural reproduction, if the. natural reproduction rate is

known.

A third method is to compare the numbers of steclhcjid used for

artificial spawning and/or numbers of yearlings released with the

resulting numbers of sea-run hatchery fish taken by »>"glcrs. The first
two methods show the numbers of: sen-run sleelhead \ In the popula
tion by artificial propagation (providing it is not jusi .1 replacement),
.. i. ;i.. ii,,. u. ;,..i .-: n > i..n ■:...■ i
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TABLE 4 ,

Lengths of Sea-Run Hatchery Steelhead 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 Hear Fremont Weir, and Illustrate the Reliability of Separating

Steelhead From Different Brood Years on the Basis of Length Alone ~

Item

Ad-RV

Number measured

Range (inches)...

Average fork length (inches)

Standard deviation

Ad-RV

Number measured

Range (indies)..

Average fork length (inches)

Standard deviation

Ad-RV

Numbered measured

Range (inches)..

Average fork length (inches)

Standard deviation

Ad-BV

Numbered measured

Ranze 'inches)

Average lark length linchcs)

Standard deviatiun

Ad-BV

Numbered measured
Ranee 'inches)

Averace fork length < inches)

Standard deviation

Ad-BV

Numbered measured
Range 'inches)

Average fork length (inches)

Standard deviation

Brood

year

1952

1934

1950

1953

1955

1937

Date of release

March and April,

1953

Feb., 1935

Jan.'. 1957

Jan.. 1954

Dec 1933

Dec. 1957

Approxi

mate ace

at time of

release

(months)

13

11

10.5

10.5

9.5

10

Number

per pound

at time of

release

S

2G

12

4

G

Number

and length

at lime of

release

1.114

3.1-13.7

G.O

2.0

3.488

1.7-7.9

4.3

1.0

900

4.4-8.5

5.9

O.S

•495

3.S-13.1

S.O

1.7

1.027

3.0-10.G

0.3

1.3

350

3.9-10.3

G.S

1.1

Returning Sea-Run Steelhead

1933-54

47

14.4-19.3

1G.2

1.1

1954-55

277

14.S-25.S

20.0

2 2

74

13.1-20.0

15.7

1.4

1955-5G

11

20.2-24.S

23.3

1.2

35

11.3-10.5

13.3

1.4

13

1G.7-25.S
■>l o

2 '2

t

1956-57

<i

25.(Wo.9

25.4

0.6

94

13.3-24.S

19.3

2.4

2

24.9-23.3

25.2

0.4

221

11.9-19.4

13. S

1.3

1957-58

1

1S.4

12

12.2-15.9
14.4

1.0

40

17.5-25.3

21.3

1.0

I93S-59

1

23.0

41

13.7-23.4

19.4

1.9

o

22.7-24. r>

23. H

1.3

12

13.0-1S.0

10.0

1.4

BV

Range (inches)

Average fork length (inches)

BV

Numbered measured

Range (inches)
Average fork length (inches)

Standard deviation

BV

Numbered measured ....

Range (inches) . .....
Average fork length (inches)

Standard deviation

Ad-LV-.-

Numbered measured

Range (inches)

Average fork length (inches)

Standard deviation......

Ad-LV

Runec (inches)

Average fork length (inches)

Ad-LMax

■je \inchcs)

age fork lenttih (inches)

Ad-LMax

Rango (inches)

Average fork length (inches)

Standard deviation

1953 March, 1954

1955 March, 1956

1957 Jan., 195S

1954 Jan.. 1933

193G Jan.. 1937

1955 March, 1930

1957 Apr., 1938

13 ' IS

13

11

11

11

13

14

10

12

7

30

oo

G

2.S44

2.6-8.9

4.S

1.1

2.026

3.0-9.3

5.8

1.2

1.198

3.2-8.7

5.7

0.9

1.200

3.5-11.6

G.8

1.4

750

2.5-5.0

4.3

0.7

1,210

2.7-7.8

4.0

1.0

2S5

3.9-10.1

7.3

1.2

*

129

11.0-18.4

14.3

. 1..2

223

13.3-24.2

19.9

2.2

242

ll.G-20.5

15.6

I.G

44

19.1-27.1

22.9

l.S

173

11.3-16.5

14.1

1.0

120

13.2-20.1

21.7

1.9

5

ii.r,-i3.5

12. G

0.9

114

15.G-24.G

30.8

1.6

7

20.1-25.7

24.0

1.9

5

12.0-13.2

12.7

0.5

1G

16.7-24. S

20.1

2.1

4

20.7-24.3

22.0

1.7

10

12.0-10.3

14.5

1.3

18

13.0-21.4

13.0

1.4

2

IS.5-19.9

19.2

1.0

c

o
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Returns of Sea-Run, Hatchery Steelhead to the Upper Sacramento
Chronological Order, and Calculated

TABLE 5

f Adults Produced
Reieased. Arranged in

Mark
Brood Place of

year release

Ad-KV I 1952 j Sac. Iliver
I I Battle Cr.

! j MiUCr.

Ad-BV

BV
1953 • Sac. Rirer

1953 ■ Sac. River

Ad-LV

Ad-KV

I 1951

i 1954

Ad-BV 1955

BV 1055 .
Ad-LM>x 1955 ;

ao. River

ic. Hirer

Date of

release

Mar. and

Apr, 1953

Jan. 1051

Mar. 1954

Jan.. 1955

Feb.. 1955

■- River j Dec. 1955
ac. River ; Mar. 1950

\>c. River Mar. 1956

Totab

Averages

D-LV I95ij ' Sac. River Dec.. 1956
D-ItV 1050 Ba:;leCr. ! Jan.. 1057
Ad-UV 1956 Sa.\ P.iver i Jan.. 1057
Ad-LV 1056 Milt Cr. ; Jan.. 1957

Ad-llMax
Ad-BV

BV

D-Ad

Ad-LMax

1057

1057

1C-57-

1057

1057

Sa.-. Rivtr

Si:. River

?i.\ River

S*-. River

Si-. River

Totals

Grand

totals

Xo.

IH-r

iwuml

26

Average

fork

length

{inches)

6.0

8.0

t.S

Approxi

mate

age

(months)

13

10! 4

6.S

4.3 |
11

11

No.

released

63.590

6.570

145.27$

131.UH7

1953-51

Xo.

401 0.61

1954.55

Xo.

1.IS2

353

4SO

2.33

5.37

0.33

1955-56

Xo.

125

159

.49S

2.350

6.5 |

5.5 !
4.6 i

13

13

! 67.651

i 143.137

59.755

663.240 401

30

7.0

5.0

1.3

9

HI' .

Ill' . •

II >

32.177

60.970

2.315 I 5.223

0.20

2.42

1.71

o.ns

0.05

1956-57

No.

526

1.153

543

3.205

0.02

0.17

0.17

1.51

0.40

I957-5S 1S5S-5!"

Xo.

1.7.)

0.37

45S

1.145

159

1 Xo. r.

Xo.

2.022

523

J3.227

0.15

o.oi •

0.65

0.70

0.27

7 0.01

15 O.02

30 0.02

15 0.02

1.020

1.7IS

171

I.S41 •13.055

7M

169

2.44

O.ii3

0.13

Oct.. 1M7 i

Dec.. 1057 •

Jan.. 105*

Jan.. IMS '

Apr.. IO5< !

5.7

4.4

10

11

11

14

1S.253

33.531

54.243

40.727

4.615

-- !
"- I

- I

0,5*

.1.31

n.12

>i.O<

0.05 I

By
mark

S.O

li.S

0.5

By
brood

3 •» S

2.5
7.

■-3

O

•1

1

0

4
n

3

.0

1 .3

.0

i 37S.5I4

1.041.754 404 i 2,315 ; I 5,223

, 1.035 |

3.205 ! 2.S76 I i

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

Mark

Fish larger than 10 ;*r pound

Ad-RV..

Ad-BV.

Ad-LV

Ad-BV

D-LV

D-RV

Ad-BV

Ad-LMax

l'isli 10 per pound and smnllcr
BV

Ad-RV

DV

Max

Am .* V. .

Ad-LV

Ad-RMax

BV

D-Ad

Brood

year

1952

1953

1954

1955

1956

1956

1957

1957

19.W

1954

1955

1955

1956
I'.IJC

1957

1U57

1957

Place or release

Sacramento River

Battle Creek

Mill Creek

Sacramento River

Sacramento River

Sacramento River

Sacramento River

Battle Creek

Sacramento River

Sacramento River

Sacramento River

Sacrmncntu River

Sacramento liivcr

Sacramento River

Sacramento River

Mill Creek

Sacramento River

Sacramento River
Sacramento River

Date of release

Mar. &. Apr. 1953

Jan., 1954

Jan.. 1955

Dec.. 1955

Dec.. 195G

Jan., 1957

Dec. 1957

Apr.. 1958

Mar.. 1954

Feb.. 1955
Mar., l»50

Mar., 1950

Jan., 1957

Jan.. 1957

Oct.. 1957

Jan.. 195S

Jan.. 1958

Number

per

pound

S

4

7

6

6

7

t

6

IS

20

10
«!•!

12

30

Sii

22

Average

fork

lenicth

(inches)

6.0

8.0

6.8

6.5

7.2

7.0

6.8

7.3

■1.8

4.3

5.8

4.6

:,.<>

4.3

2.7

5.7

4.4

Number
released

63.590

6.570

46.252

67.651

32.177

26.629

33,531

4,615

145.278

131.007

143.137

5'J,735

60,979

107.328

18.285

51.243

40.727

First

year

0.G4

5.37

5.08

1.70

2.44

0.G3

0.25

0.33

0.06

0.37

0.13

n.os

0.00

Second

year

2.33

2.42

1.54

0.08

0.59

0.34

1.71

(1.40

0.79

0.27

0.51

0.12

Percentage return.

Third Fourth

year year

0.20 0.02

0.17

0.15

0.02 '

..

0.17
m >

U.O2

0.02

..

Total

3.2

8.0 average 4.0

6.8

2.4

2.2

0.5 avcraj;o 1.2

1.2

0.3

*•

a

• The cora;utfd total fch were 10 In the 3rd year and 7 in Hie 4tli year, maklii; the calculated percentages icro. uhen carried out to only 2

O

C
-3

•X.
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foro their seaward migration, returns of adulls were, not expected to
approach (hose from equal-sized fish planted during Uu: (luce follow
ing seasons below the trout fishing area at Princeton.

Additional unaccountable differences also exist in returns of adults
from some groups of fish released at Princeton, lictiirus from I ho l!).r>fi
brood year fisli, for example, were considerably lower Mian from the
jircvious three brood years. I'art of tho .1955 brood year lisli were
slocked just prior to floods in the .Sacramento Kiver. The relationship
between fish release limes and Hoods in I lie; Sacramento Uivcr wax
studied. A clear-cut correlation between times when sleelhead were
stocked, flooding in the river and in the several bypasses, and later
returns of adults was not evident. However, the fish released in De
cember, 1D55, were stocked immediately prior to a period of extreme
flooding and did return fewer ndiili.s than were expected. Although
not conclusive, the evidence at hand suggests (hat considerable losses

may occur when yearlings arc liberated during periods of high water.

In any event, the evidence is sufficient to withhold stocking of fisli at
such times, at least until facts arc gained to the contrary.

Comparisons between returns from several oE the releases of marked
fish lire not feasible, since two variables exist: planting lime and size
of fish. The two best returns were from fish planted in Jamiarv, and
one of these groups consisted of the largest fish planted. Plants from
December through March appear to give satisfactory returns but more
tests arc needed to be certain of the best month in which to release
steclhead.

Comparison Between Adulls Spawned and Returning Sea-run Adults

During the first four years, 458 females were used for artificial
spawning purposes. As previously staled, 1 :t,0I»:l sea-run adult, returns
were subsequently produced, or 28 sea-run adults in the runs for eae.li
female used for artificial spawning (Table 7). Since (be number of
males used at. the hatchery for artificial spawning Mas only slightly
less than the number of females, there were 15 sleelhead returns for
each fisli spawned at the hatchery.

The natural populations of sleelhead in Ihe .Sacramento Uivcr fluc
tuated considerably during the si tidy (Table 2). However, sii the
runs are barely holding their own, it is obvious flint natural reproduc

tion is on the order of ] to 1. That is. for each adult another adult will
be produced. Thus, hatchery production of sea-run steclbead, based
on nil sizes of yearlings released from an average brood year, is roughly

15 times preater than natural product ion. This, of course, applies only
to the limited number of sleelhead handled at fioleman halihery during
the study. A greatly increased sleclhead population could be. expected
to result in lower survival rates or both halehery and wild fish. At. the
existing population levels if. does nol seem likely tlnil anv .serious dc-
pressing of fln> .survival rale of wild fish throughout ||n- !i|i|mt Sacra

menlo River system could have, been caused by Die planting of halche.rv
fish in the numbers used in this project.

The average female sleelhead spawned at Oolcnuin halchcrv yielded
2,808 eggs d "ng the first four years or the study. This is not an indi
cation of a gc fecundity, since many smaller fish were not used.
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Although an average over-all 2 ]>crcciit survival from yearling to sea-
run adult was obtained, the survival from egg to returning adult was
only 1 percent.

Distribution of Sea-run Halchery Sieelhead

It is of interest to note the spawning- distribution of reluiniii"-
hatchery-reared stccJhead released in f.hc Sacramento Kiwr at I'riiiei-
ton. Ihcsc fish were mainly of Battle Creek slock, all reared at Cow
man hatchery on Baltic Creek, but released 1.10 miles <lm\us!ream IVoni
the mouth of Battle Creek. Adults attributable to tin: 1'riueelon phiuls
returned for spawning purposes in significant numbers lo Matt Us Creek,
the parent stream, but at the same time dispersed considerably-
throughout the upper Sacramento River system.
During the 1955-5G season, 18 percent of all slee.lhead inigratiii"

into the Sacramento River were hatchery fish stocked at PrineotoiK
However, after these same fish had distributed themselves among the
tributaries, 27 percent of the stcelhead in Battle Creek and only :Fper
cent of those in Mill Creek were halehery fish. In the .1!).r>(i-G7" season,
when the total run included 17 percent halehery fish, a similar pal.lorn
was followed. The stcelhead in Bailie Creek consisted of I]7 percent
hatchery fish, while the Mill Creek run again included only 2 percent
hatchery fish. Therefore, by stocking yearling sleelhe.iid a! IViiie.elon
(below the general trout fishing areaj during the normal migration";
period of wild fish, sufficient returns were obtained at I Ik: haleliery on '
Battle Creek to continue a moderate arlifieiarsloeJuiij,' program; at .
the same time, there was some natural dispersion of adulls throughout )
the upper Sacramento Hiver system.

GROWTH IN LENGTH OF HATCHERY STEELHEAD

The wide range of lengths found in hatchery fish prior |<> Iheir re
lease, and again when they were recaptured durm» subsequent .seasons
as sea-run adults, indicates that growth rate was quite variable (Table
8). Ihe data presented on growth in length of marked sieelhead include
only lengths obtained at the time of release (at about one year of «"e)
and when trapped in the Sacramento River near (hi! mo.ill, ,,r H,e
leather River during the fall of succeeding years. Calculated len-llis
based on scale measurements at the end of the several vears of lil'e^are
not included. Thus, the determined length increments show onlv' ap
proximate annual growth. A comparison of lengths ol" lagged fish at
the time of tagging and at time of reeapture in January al^lill Creek
Counting .Station shows that they continued to grow during the spawn
ing migration. On the average, steelliead lagged in the fall increased
three-fourths of an inch by the end of January, which approximates
the end of a year of life, at. least insofar as the growing season is
concerned.

The greatest length increment. ^..lerally took ,,|,,,, Mil! rai-uml year
ol life during the first summer after release. A comparison between
sizes of. f.sh when released and alter the second summer's growl I. shows
that m only one instance did a group ,,r |j.s|, Tail to ,no,-(! limn double
in length J--ng the second year. The length increment of fish both
larger and tiler than 10 to the pound when stocked was approxi
mately the si.mc during their second year, averaging about nine inches

STOCK!NO lIATCIIISICY-ltUAKBD STF.KLIIEAD RAINBOW TllOUT 47

TABLE 8

Average Fork Lengths and Approximate Annual Length Increments of Hatchery-Reared Steethead,
in Two General Size Categories, Released in the Upper Sacramento River System

and Captured by Trapping in the Sacramento River One-Half Mile Above
Its Confluence With the Feather River *

Cut<>K"ry mid hit

Fish 10 per pound and smaller

Ail-I.V... .

Nundwr iiiciuiurcd

Avorimc fork Icnsth (inches)..
Standard devintiun. __

Growth increment (inclus)

Ad-HV

Number measured

A vcntrai fork leiielh (Indira)

■Stnndiird deviittion. -
(Sriinth increment (inches)

D-Ad

Number mritaiuvd
AvrriMto fork length (im-lii*) ..

Stutulurd deviution
(mmMi increment (iuchra)

Ad-I.Mnx

Number moiiHilrrd

AveniKe (uric li'imth (inches)....
Standard deviation

Cronth iueremmtl (indies). ..

IIV.

Number measured

Average fork leiiKtli (inches)
Slnndnrd deviation

(irotvlli increment (inches)

IIV

N Iwr iticnuurcd

Avernce fork length (inrhca)
•Slnndnrd dcviiitiou

(iroivlh inereiiicnt (inches)

Ail-KV

Number iiii-iiHiued

Avcnuti- fork leneth (inrlHw)
HUindaril ilcvinliun
(irowlh inrrement (ilu-hea)

HV

Number mreuiiircd
AveniKe fork lunuth (iuehe.i)
Standard deviation
(irowlh itii'ii'iiicnt (ini-hrM)

llriiod

yejir

I'P.ifi

10.11

l!l'r

l'li'l

1957

Numb

at tilt

of

ri-lcils

30

20

IS

12

12

10

Niuiibc
mid

at linn*

of

release

4.3

0.7

3.468

4.3

1.0

1.4

(1.8

1.1)

2.&I4

4.8

1,1(18

.1.7

o.n

HOD

.1.8

(1.8

2,02ft

.1.8

r

0

12.

8.4

1:1.3

1..

D.O

10.S

12.1

12.0

0.0

8.0

128

14.3

U.fi

l-l.ii

8.8

12

14.4

l.U

S.S

173

I4.I

S..1

Vi*:i

3

18

18. (

5.;

in

2.'

fi.O

2(1.1

2.1

7.5

223

10.0

5.0

41

1(1.4

I.I)

.1.0

III

20.8

l.fi

0.7

0.1)

4

18.1

— - —

111.2

1.0

41

22.0

1.8

3.0

22.11

1.7

1 *'

5

23.11

.
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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 River System

and Captured by Trapping in the Sacramento River One-Half Mile Above
Its Confluence With the Feather River *

CiiltRoiy rind lirt.

Fieh larger than 10 per pound
Ael-KV

Nimil>r;r iiH'imiiml _ .

AveniiW fork lcmjlli {]iicIkm)
Stunilnrtl deviation

Growth irirrcnicnl (indies)

Ad-LV

Number measured

Avithkc fork length (iiu-lir.*)
HtiiiiiWiJ (Icvmliun. .

Growth increment (inrlmi).

Ad-HV

Niinihcr muuntircrl ..
Avemtco fork Icntith (indict)

StriTxhtn] dcvinlinn...
(jruivtli increment (iiu-iies)

1MIV

Number mc!iMir(:iI

AycroKC fork IchkiIi (incites)
Stnnditrd deviation

Growth increment (inclic.i)

A.I.HV... ...

Numlur inrjiHiira'rl

Avtriucc fork JutiKlh (indira)
Stnndnril di-vititinri

Growth increment (inches)

D-LV

Nuiiilwr measured

Avt-rnce fork Ii-iii>iIi (inrlttti)
Kdiltiliird (fcvintion

Crouth liu-rvriicnt (indira)

Ad-lIV

NuiiiIjct mcfunircd ......

AvcroKc fork Icnjjth (inches)
Slundnrd duvintiun.......
Growth increment (induis)

ArcniKc growth increment* (inches)

Hi.,...!

ywir

195 >

ISW7

IlWIi

isp'.r,

iu*>i;

hm:i

[■<-r

Nm.lJIC
11ml

l-i.i'tl

ill liiu

u(

ruhstm.

1,111

11.0

2.0

I.2WI

fi.S

1.1

li.8

1.1

AX\

7.1)

1.2

1.027

ilCKI

7.2

1.2

Ayr,

6.ci

1.7

2

17

10.2

I.I

212

i.i.e.

l.l!

8.8

1(1.1)
I.I

IK-J

•21

Ifl.-I

1 ,:i

H. 1

'2\i\

in.)

l l

BM

71

1.1.7

l.-l

7.7

8.11

.'I

277

20.1)

2.2

I2C,

L'1.7

1.1)

20.7

1.7

•■.a

Hi

■">. -i

2-r»

2i.r»

i.!>

21.2

z

II

2:1,3

1.2

7

21.0

1 .1"

A v
J;;!

2.-.. a

0.1

Lit

0.1;

(I,, fll|,.
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Growth whs not as rapid ditrinjr the third year of lii'o, anil there was
11 tendency at this age for the fish which were small when stocked to
Krow more than tho.se released at Ihe larger sizes. The jrrowth rate de
creased itijring the I'mirtli year of life. The small number of liak-hery
lifjh uapturrd during Ilirir fil'th year olf HIV preeluded a tvliable estimate
oj; jiiowth nL (hut ajie, aUhonjrh. (ho len»l.h iiicrenuMit a|i|>ears to be
Kinall.

RESIDENT TROUT

A nMiifKirisoii was made rat-h seast»n lirlw.rn tlu* ratios t»f itiiiikeil to
unmarked steelhead mitral ing: upslmim past tlio mouth of (lie Keallier
Kiver and Jish cau^lit. in the upper Saeramento. It was anticipated that
if n resident population over 14 inches in length existed in the upper
river, or if there wero many sleelliead in this size category whicli had
not yH iiijirraUxl io sea, the. diluiion eausetl bv these lish would be
sufflcieut to ell'eet u noticeable decrease in the marked fish ratio in the
upper river. During the five seasons, 1954 through ]!)f>J). creel censuses
showed that the over-all ratio of marked fish, inclndinjr only steelhead
U jni'lie.s and over in length, was higher at the trapping site than in Die

upper.river. Tlio pem-Mta-re. <liir»reucu between tin; two aivas varied
from 2 peieeut in 1flf)4 to 7 percent in T<lf)G, imlientiiiif that a sizable
jjopiilaliujt of trout, exists in the hjijkm- river tlui'iiijr'soinu years in
addition to those which come in I'rom the sea. When the ratios of indi
vidual fin marks were compared between the two areas, a^niu iiieludinfr
only fish 14 inches and over in li'iijrtli, it was found that si^nifican't
diITereiiee.sgenerally occurred only among groups in which the steelhead
wero smaller than 20 inches, indicating that the trout which did not
migrate to sea during a particular season and any resident fish were
principally between .14 and 20 inches in length. Their numbers were
generally in inverse, proportion fo (heir lengths. There are, in addition,
considerable but unknown numbers of trout under .14 inches in lcn«'th
in the upper river at all times.

COSTS OF SEA-RUN HATCHERY STEELHEAD IN THE RIVER

The returns of soa-nui adults from hatchery production have been
presented in jn-ec.<>ding sections without regard to hatchery production
costs. To properly evaluale artificial stocking of migrant-sized .steelhead
it is desirable to know not only returns in terms of numbers of adult
Jisli but also costs of producing yearlings and returning sea-run adults.

I he average cost of producing u yearling steelhead. including ex
penditures associated with taking eggs, rearing, ami stocking, varied
Jrom ;i cents to IS cenls. with an over-all average of (> eenls diirhi"-
the four-year study (Table 9). These figures include all rearing costs
except^ capital investment and capital improvements at the hatcherv
and administrative overhead. They do not include costs of marking (',,'
ol evaluating returns. (Jeuerally speaking. Hie laiwr the yearlings^.re
when released, Hut more it costs, per (Lsli, to produce them. Costs of
roaring_yearling steelhead at Coloman hatchery compare favorably with
cosLs ol rearmg catchable-sized rainbow trout to the same, siste at (,'nli
iornia Department of Fish and Uame hatcheries. Dili- the fiscal vear
ia.)5-5t» for example, tho average cost to rear and stt atehable-sized
rainbow trout m-ighing six to tin; pound was Kt.fi ecu Ik each (Mac-klin
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Types of Fishing

Slcelhcad arc caught, in |]ic> upper Racramenlo by :i variety of fishing

techniques, which vary with tin; season and oilier factors.

During October, November, and Dei-ember, wben rail-run king

salmon arc spawning, sleelhcad congregate with the salmon on rillles,
both in the main Sacramento and its tributaries. Examination of slcel-

licad stomachs taken at. rifllcs on which salmon are actively spawning
usually reveals a good quantity of eggs, and if (islicrmcn are present

often both fresh and cured eggs. At other limes, (be stomach conleiils

consist of salmon eggs in various stages of development, which were

probably dug up by one salmon excavating a nest on lop of another.

There is no evidence to indicate that steelhead dig up a salmon nest for
food. In addition, the steelhead themselves do not prepare nests on lop

of salmon nests in the fall, since they do not spawn at. thai. time. It is
not known whether or not the sleelhead actually rob a salmon nest by
darting in and grabbing unattended eggs, but it is thought that most

eggs are picked up after' they drift out of the nest, since most sleelhead

arc hooked behind spawning salmon.

Although Sliapovalov and Tall (l!)f»4) report thai adult steelhead do

not commonly feed during their spawning migration in coastal streams,

those in the Sacramento River definitely do. There is evidence llml I hey

continue to eat until the lime of spawning in the Sacramento, since at

Colcman haehery adult steclliead trapped in I'.alllc Creek and placed

in holding ponds continue to feed on salmon roe up" to I Ik; time they arc

spawned artificially and released.
When salmon are actively spawning, sleelhead in the. vicinity strike

voraciously at almost any small object, especially one resembling a

salmon egg, which drifts through the nests. Under these conditions
most fish arc hooked by drifting single salmon eggs ami salmon roe

clusters through the riflles (Figure 14). Several artificial lures which re

semble salmon eggs have also been developed and are increasing in

Kiounn 14. .S MHliIng tor HtccUicml on Olon Klllln in Uio S:icr:nniiitci ltiver, n<-ur
lti-il Hluff. Cm I rlicrlcH xlimvil Unit over 1(1(1 xlccllirad witc- hitnliil on III In lillli" III

STlH'KINd IIATCIIi:i{V-lti:.\lti:i> STICKUIEAI) KAINUOW TROUT '■>:]

popularity among Sacramento Kiver anglers. One lype uliliy.es a ball
of red Ilitorcsceut yarn lied to the hook (glow bug), and another is
made by attaching a small, spherical piece of red sponge rubber to the
hook.

Many steelhead and salmon also congregate near the mouths of tribu
tary streams, awaiting suitable flow conditions before ascending the
creeks. Steelhead are caught by several methods of fishing in these
places. At. the mouth of Deer Cheek, for example, drifting with single
eggs is Die predominant met hod, while at Hie nioulh of Mill I/reek still
fishing with salmon roe clusters and casling with metallic artificial
lures are the most popular methods.

When the fall-run salmon have completed their spawning, sleelhead
become scarce on riflles in the Sacramento. However, many sleelhead
I hen seek their own spawning areas in tributary si reams. ]!y January
of each year, most steelhead fishing has shifted lo the tributary .streams.
Most of the steelhead lauded during this hitler part of tiie fishing
season in the tributaries are caught by drifting single eggs and casting
artificial metallic lures.

Fishing Gear

Spinning equipment i.s the fishing gear most commonly employed. A
rod (i to 7i feet long is preferred by most fishermen. The line is gener

ally numolilnmcnl nylon of (i- to 8-pound lust, with 8-pound line being
the most common. Most types of spinning reels on the market today
have been observed at. one time or another on the .Sacramento; however,
those with a full bail line pickup predominate. Kly rods and reels are
rarely used.

Many fishermen lie the hook or lure directly lo the line, while others
allach a leader of lower breaking strength than the line, to insure mini
mum loss of line should the hook or lure become snagged. At limes when
the water is especially clear, a thin leader is used. Sinkers are some-
limes attached directly to the line or leader, especially when split shot
is used. Many anglers prefer a pencil sinker and attach it lo the line
through the use of a small swivel or a drop loop in (he line itself.
Occasionally, anglers attach a weight to 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" arrangement 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
bouncing along the bottom until the line has straightened out, down
stream from the angler. Jn this way the fisherman can drift, his bait
down the entire length of the riflle, only a few inches oil' the bottom.

Fishing Access

Most, land bordering the upper Sacramento Kiver is privately owned.
However, many laud owners permit anglers lo cross their properly lo
reach the xtcclhead fishing rillles. In thoso instances the lishing areas
are usually but a short walk from the end of a road. Other rillles may
be reached only by boat or by walking a considerable distance. During
the study period, there was a tremendous increase in "^ numbers of
boats used by sleelhead anglers. One of the big pro s of a boat
owner is that of finding a suitable launching site in the ..rea where he
UTinl- In (i')i T,. ■.■"..■! ll I ...it.
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Claine, through the "Wildlife Conservation lioard, has installed several

concrete boat launching ramps and automobile parking areas at key

points along the upper Sacramento. These ramps are maintained by

the county in which they arc located. Those installed to date (.lime,

]!)G0) are located at Redding, Balls Ferry, liend, JJed ISIufV, and Vina.

Practically all land bordering the tributary streams is also privately

owned and, as on the Sacramento, fishing aeeess is permitted by many

land owners. In the tributaries anglers do almost no boating but some

times walk considerable distances along tin; ereeks.

STEEIHEAD SPORT CATCH

The sleelhcad sport calch each season was determined by dividing

the number of lags sent, in by the fraction oi' Ilie total run known In

have been lagged. This quotient would obviously be a minimum ligurc

for total landings, unless sonic correction were made for the number

of tags taken from steelhead but not returned to the Department of

Fish and Game. An estimate of nonreturn of tags Ilius heroines an

essential clement in computing lotal catch, when using the method

described herein. However, since a measure of nonreturn is purely

an estimate based on human behavior, it is believed desirable to first
present the minimum catch statistics derived from actual lag returns,

nnd then show the same data corrected by percentages of nonreturn.

The numbers of hatchery fish in the catch and,their costs, based on

different percentages of nonreturn of tags, are shown in the scrlioti

on "Nonreturn of Tags, and Adjusted Catch and Cost Figures".

Numbers of Steelhead Landed, Based Upon Uncorrected Tag Returns

On the basis of actual tag returns between 1f)-r>H and 1!lfi!l. anglers

lauded an average of about (i,100 steelhead each season in the upper

Sacramento River system, or close to IJO percent of the entire, run.

The calch has varied from 20.1 percent of the run in IDM-fil to M.fi

percent in 1958-5!) (Table 11). About 70 percent of the sleelhead
lauded from each animal run arc caught in October and November.

Thus, the best steelhead fishing has usually passed each season in the

Sacramento before it commences in many of California's coastal

streams.

Numbers of Sea-run Hatcher/ Steelhead Landed and Their Cost

in the Creel, Based Upon Uncorrected Tag Returns

The numbers of hatchery-roared steelhead appearing in anglers'

creels each season were determined by multiplying the computed num

bers of sea-run hatchery fish in the total population by the fraction

of the run caught. It is assumed that hatchery fish are caught as read

ily as wild fish and that they are taken in approximately the same
proportions in which they appear in the population. (!lii-s<|iiarc analysis

of the tagging and creel census data shows that these assumptions are

valid.

It is also obvious that since the percentage, of (he run caught is bused

upon tag r""ims, a measurement of nonreturn of lags also plays an

important in determining total numbers of sea-run hatchery fish

in the eaio .id their costs. AVhcreas the total calch would be a bare

STOCKING HATCHKltY-l(KAIM-:n STKKMIKAD UAlNllOW TltnUT
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minimum figure without correction for nonreturn of Iji»s eosls «.C put
ling sea-run hatchery steelliead in the run and in the croel would be
maximum figures, since they increase as the numbers of fish decrease
ut u0d,240 yearlings released during the study. H.882 eventually

ended up in anglers' creels as sea-run steelliead (Table 12). Thus
willi a 2 percent return to the upper Sacramento of the vearlin«-s re
leased, on an average about O.C percent found their way into aii angler's
ereel. Dividing the lolal cost of producing the yearlings released by
tlte lolal adults put in creels as a r.-sull. of these released list Ihe
average it cost. $]() to put a hatchery .sleelhcnd in the creel (Table 12)
As previously staled, returns of sea-run hatchery fish to the upper

Sacramento from tlie 35155 brood year fish were much lower than for
hose from the three previous years. IT returns to the creel from only
the 1.U,2t V.)')-.), and 1!J54 brood years are used, the average cost of
putting a sea-run steelliead in the creel was $7.48, instead of

Nonreturn of Tags, and Adjusted Catch and Cost Figures

The importance of measuring nonreturn of sleelhead t;i"s has al
ready been pointed out. However, in this study the main effort was
concentrated on petting all taps back, by offering a chance in win a
valuable prize for each 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 fags.

In 1954 an indirect elTort to get some idea regarding numbers of
lags taken from sleelhcad by sportsmen but not senl. in was made bv
oirern.g .$;-,()() ,„ 1)riZ(..s for t|le rfi(m.n of (a{,s N(> aw.inls ,1Jul b(!(l|| I1|m,-(i

• luring ( lc ]<);,:{ season. The prizes were awarded at. a drawm" for all

lag numbers returned, and theoretically the more lags .soul, in hv an
angler, (he greater would be his chances of1 winning. AlHiou-h iherc
was a sign ifiwi lit increase in tag returns during l!).r>4, it was impossible
to dilTercnfiatc (lint portion representing an actual increase in fishiii"
pressure and in the catch from that indicating nonreturn. Also other
laelors were involved, including a better understanding of the pro
gram by sportsmen in 1.954, which no doubt led to greater returns

JJiiHiig ]»yS, a more direct attempt to determine nonreturn was
made at the time anglers were being interviewed during creel cen
suses. However, the data gathered wore not considered entirely reliable
became of the reluctance of many sportsmen to admit readily "that they
had previously failed to send in tags.

Jh the striped bass fishery of the Sacraincnl.o-.San .Juumiin* Delta a
measurement of nonreturn of tags was determined bv using comparable

7E£fi S!' '"if""'1 T1 llom™"-d **> «"«"»S U-« ""no season(Clmdwiek, ]%0). It was found that about 45 percent of the non-
I'fiwuwl ags taken by sporf.m,,,.,, f,,,,,, K\.r\\n-f} bass were ...,l. Ki>nt in
I his method or evaluation assumes that the $5.0(1 reward is incentive
enough to assure the return of all reward lags lake.., or at least enough
fo reduce to insignificance any error in resulting calculations. However
it is believed by tlie writers that this inctho.l (ends In overestimate, lion!
return, esp. lly after anglers understand Unit there are two types of;
tags out, ! ctually discouraging the return of lags for which no

KTOt'KINO HATCIIKIIY-KKAKRU STICKUIKAD 11AINHOW TISOUT
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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 steelliead study, including the 11)54 season and each year
thereafter until its conclusion, an annual tag drawing was held for

nearly $500 in cash and merchandise prizes offered by sportsmen's
organizations, fishing resorts, and sporting goods stores for tags re

turned to the Department of Fish and (iuuic (Figure 15). Under this
plan it was, of course, advantageous to return all lags, in order to have
each tag number registered for the drawing. Considerable publicity was

given the prize drawing and study program each season through local

FiouiiE 15. h annual steelhcnd tntt drawing. The Ui« ilruwliiRS wore sponsored
jointly liy ornlu Kmnloolis. Inc. and Steoilicad Unlimited. JCnch year nt ltcd-
illnir iivpr $. _ WIIR nwnrili'd t<i H|mr(<iin<-ii fur rnliivnliiK stcrlhra.l (:ikh (i> (hi- Csill-

STOCKINCI HATCH KKV-KEAKKD STBKI.HKAn RAIN'IIOW TROUT

television and radio appearances, state-wide press releases, local m

papers, illustrated talks at sportsmen's and service clubs and Hop
mental- meetings, use of tag return posters located at key riffles

resorts, and interviews with anglers during' creel census work. F
the beginning of the study, all tags sent in were returned to the an;,
along with a commendation card and a letter explaining the pur)

of the tagging and (beginning in 1!)f>4) pointing out that his tag n
her had been entered in a drawing for valuable prizes. To further
the return of tags, postage-free, self-addressed envelopes were supj'

to fishing resorts ami sporting goods stores along the Sacramento \V\
The 1954 and 1955 studies indicated that the percentage of uonret

of steelliead tags was considerably lower than that shown for stri
bass. Nonreturn of slrrlhead tags appeared to bo about %J0 percent,

this figure was .selected as an estimate of nonreturn for steelliead t
The sport catch and cost figures were re-evaluated accordingly.

By re-arranging the catch figures and presenting them on the 1
of different percentages of nonreturn of tags, a somewhat diflV

picture, of numbers caught, and of costs to put a sea-run steelheai
1.1m creel is seen (Tables Y.\ and 1-1). For example, on the basis i
uniform 20 percent nonreturn of tags during the study, an avei

HC!) percent, instead of 25).5 percent, of the-population was harve

each season, and anglers harvested alnutt 45.(i percent of the nil
1!)58 instead of the !i6.5 percent obtained" without correction for i

return. Also, if allowance for a 20 percent nonreturn of tags is m

the average cost of putting an adult steelliead in the creel was $8 nisi
of $10. If a 20 percent nonreturn and returns of adults from only

first three brood years of yearling steelhead released are used, the

of putting a sea-run steelhoad in the creel drops from $7.48 to $."

CREEL CENSUS

Steelhead creel censuses were designed to provide the average e;

per angler hour, length of the average angler day, and county of i

deuce of the fishermen, and to see as many stcclhcad as possible in oi

to help establish tagged to uniiigged and marked to unmarked fish m

in the -upper Sacramento lliver system. As previously mentioned,

attempt was made to determine total witch by means of creel cen

since this was done on the basis of tagging and tag return data. "\V

total catch, catch per hour, and number of hours in the average an

day had been determined, total fishing efforts and fisher:i en days v

computed.

During most months of (he year, creel census work was carried

with only a moderately controlled sampling .scheme. However, dm

the fall months, when I lie bulk of the steelhead arc caught, and w

most of the fishing effort for sea-run fish is expended, an inten:
method of securing data on angling was used (l('igure Kil. The e

census procedure was directed toward obtaining a salislaclory sun

of the total fishing elfort and also securing as large a sample as pass

in interviewing anglers. It was definitely not a complete census, cln>
the many access points and to the limited manpowe1 -ailable. Altlio
the censuses were not strictly random it is believe at the data gi
ored present a reasonably representative picture of nnglinir HWt. -
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TABLE 13

Upper Sacramento River Steelhead Sport Catch. Annual Landings Are Computed With Different Percentages
ofNonreturn of Tags. All Fish Are 14 Inches and Over in Fork Length

19.j3-.i4

19.M-.j5

1055-56

1U50-57

1957-SS

195S-59

Average pcrreniai:; of rum
caught... .

Percentage of nonreturn

Number of

fish cauclit

2.S93

U.145

7.S15

0.395

5.010

3.235

Percentage
of run

caught

10

Number of
fuh caught

20.1

32.2

27. 0

34.S

25.8

30.5

3.217

10.101

S.0S3

7.100

5.5S7

5,817

Percentage

of run

caught

22.3

3.-..S

30.7

3S.7

2S.7

40.0

29.5 32.S

20

Number of

fish caught

3,619

11.431

9,769

7,994

6,263

0,544

Percentage

of run

caught

2S.1

10.3

34.5

43.S

32.3

4S.6

36.9

30 40

Percentage I

Number of of run ! Number of
fuh caught caught : fish caught

4.130

13.004

11.104

9.13(1

7.157

7.479

2S.7

40.0

39.4

49.7

30.9

52.1

42.1

4.S25

15.241

13.025

10,GoS

S.350

S.723

Percentage
of run

caucht

33.5

33.7

40.0

5S.0

43.0

00. S

49.2

TABLE 14

Upper Sacramento River Sport Catch of Sea-Run Hatchery Steelhead, and the Average Cost of Putting One in the Creel. Annual Landings and Costs
Are Computed With Different Percentages of Nonreturn of Tags. All Fish are 14 Inches and Over in Fork Length

Y-rsrlings released

Percentage of nonreturn

'•" :mber Cost uf

Brood year

1952

1953

1953

Totals

Averages

1«.>34

1«.»4

Totals

' ■!!«

iy

1V.M

1955

Totals

Averages

Grand totals.

per Number yearlings !
it. ' .. ■ ■ ' , ., ;Ifa.

I
released i released

Total

hatchery

adults

cauuht i

Cost per

adult

in creel

10

Total |

hatchery |

adults :

t'llUttlll

Con |jer

adult

in creel

20 30

Total T-ital

hatchery . Cost per lufhery Con per

adults ! adult '. adults ( adult
caught | in creel >aiiirltt

40

Total

hatchery

adults

caught

Cost p»r

adult

in rrwl

4

IS

2U

03.590 $7.081.30 I
I I

597 I 511.80 I 003 S10.08 7« $9.49 1 S33 59.30 995 S7.12

0.570

145.278

$1,197.00

5.522.30 I

102

WO

15I.S48 $0.719.30 j 1.0U2

10.252

1.11.1)07

SI.11U.2S ,

3.150.42 |

'.111

211

177.259 $7,275.70 , 1.12S

$7.39

.1.94

SO. 13

ISO

1.033

50.05

5.33

1.213

55.34

St. 51 j 1.015

14.75 23S

1.253

91.43

0 07.051 $7,050.00 I 524 $13.40

10 113.197 8.U15.1I2 4!l5 : 18.07

22 5'j.755 I 1.7:17.1X1 Hi j :»7.77
."id

l'70.5i:» ISI7.7.VJ.JJ l.WKi l.liyl

SJG.IH1

i 'iW.210 .<.IS.815.8S ! .[.882 !

$1,110

13.20

5VSI

SI2.12

10.27

a 1.07

202

1,162

SS.93

4.75 i

231

1.3211

55.18

4.10

1,364 I.50U

$4.93 I 54.31

1,142

268 !

$3.61

11. TS 300 Kl.:i2

270

1.5.50

S4.43

3.30

1.820

S3.09 -

1.523 $2.70

8.81

1,410 1.012

$5.16 51.51

655 ;

619

58 !

1.332 1

$10.77

14.45

29.96

MM

7.17 !
Til, ;

<!."•. $13.32

50.42

12.03

$11 .W

l.SSO

$•(.«•

S-Ti

1.773

4.832 5.A47 i ■•.4711

HI. 85

22.'.7

S'.i.
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Figure 1C. Creel checking; a slcclhead nngler on the Sacramento River ueur Jellys
Ferry. Photograph by Richard J. ihtUvck, OcUthcv, )!>5t;. ,

The stcclhcad /felling area was divided into three, general sections,
the centers of which arc Hamilton City, Los Molinos, ami Halls Ferry
(Figure 2). Seasonal employees were used to do a good portion of the
creel census work and usually traveled by automobile,.stopping at the;
fishing resorts and riffles. JJctweeu Vinn and Ue.d liluir, the Sacramento
River was covered by the project .skin", as well as by automobile. The
ereel census work was also cooperative. Department of Fish and Ciuno
salmon survey crews, drifting designated sections of the Sacramento
daily betwc tedding and Vina each fall and winter, also creel cheeked
stcclhcad fis...i*mcn along the way. At key points, people living in the
,•;.,;..:*,. ,,r ( ,,. i , . i,:.. i ,. ... '.,.,| i ,. . ,,, i, ( i .

S100K1NO llATCIIKKY-ltltAKIili KTKUMIKAD HAINHOW TIIOUT

FISHING EFFORT

Starting in i!>f»-|, 1.1m creel census data were sullieicnl to detennin

the average catch per hour and number of hours in the average angle

day for each month and each season throughout Ihc remainder of th

study. It was then only necessary to know the numbers of slcelhea

caught, including both adults and juveniles, to compute total angle

hours and total angler days expended each month and each scasoi

The catch of sea-run fish, as described previously, was derived from fa

returns by anglers, while landings of juveniles computed in this sectio

are weighted figures based on ratios of fish under 14 inches in lengt

to larger individuals observed during creel censuses.

Most fishing for sea-run steelhead in the upper Sacramento take

place from Srplemlicr through Jhc Following I'Ybruary. Fishing elTui

is parlictiiarly intense in October ami November. AiluU lish laudc

from March through August are usually caught only incidentally b

those seeking other species of fishes, or while angling for juveuil

steclhead and resident trout. Since this report is concerned primfiril

with the fishery for sea-run fish, creel census data presented herei

include only those collected during months when the main fishin:

effort was for sea-run fish, i.e., September through February. Detwcc:
JIK>4 and 1958, over 10,000 stcclhcad anglers were interviewed am

their catches inspected during these months. 'Whenever a fishenna:

planned to continue fishing after being creel checked, he was given

self-addressed, stamped post card on which ihcre was but one request

the total hours he fished (hat. day. About IW percent of these card

were not returned, all hough all fishermen hail consented to send thei

in. In all, close to (5,000 com pi el cd fishing efl'oris were obtained am

indicated that the* average sleelhead angler fishes 4J hours during a;

average day (Table 15). Lengths oC (he average angler day rcmainci

fairly constant throughout the study period and even throughout vai

ious months of any particular year. However, in the fall, when nios

TABLE 15

Upper Sacraniento River Steelhead Sport 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

St'iisun*

IDM-fill

11l.Mi.ii7

l!lf»7-fiK

TuIiiIh

of

fisWtuCii
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viiwcd

i.nu;
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•2.\\\

10,1111

unnlcr
litmr

I). IIOS

CI.1UII

O.I III

A

limirs |>cr

■liiy

-1. IS1O
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l.:i7!H

■I.IL'.V.I

1.IHIU7

■I. It 17

Juvp-

tlill'M
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•-',:«i5i

I.ISli

-t.SiVI

:(.('. ID

II.OiM)
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1 t.OISS

(I.'JSII

7.77S

li.KKI

fi,:t,xn

•IU.IKJ7

T.Hnl
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11. .*■!>*<

U.L'li 1

10.1l.Mi

lO.UHS

Mfi'11

liours

115,1 (Hi

UNi!sit>
«S,CWL»

•lit,l>1^

{W,8CJ2

Anuler

dnya

27.S.VJ

t! 1.771

•J1.31U

10.8UI

Kff.OHft

-M..VJ7
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* JJon-i-im fish are caught, lengths or tlic average angler

isn?ui?, nr t) N"vcn"'fir'ri>r <!x!iii"7lc- w1i°» »^"«™fi™ ui;most %ulMcn.ble, fishermen spend more tin.c angling for lhe,n. This
ulnerab.lity is indicated by observations and by I be average catch
er angler hour, which was typically lii^hcr in C)cl»ln-r and November

than during other months of the season. Tl.is pallern was constant,
from year to year. Smith (he. at.) also noted during the 1!)4S:49 sen-

Si J^r ?"r™H -llt0 1?iVCl' f'cUmHl I{1II(1il1^ «l«l>«iid«il upon avail-
ability or f.sh. Tins was revealed by ||,0 catch p(!r hour, which increased
or decreased with Ihe total calel. in all bnl. three of H,,, V.\ ,,,O,,||IS
SlllCJlCCi.

The number of slcelhead angler days spent amuiallv on Ihe upper
Sacramento averaged 21 ,.rifl7 IY.»m WM.r>r> ihroii"-h 1 <);-,«ir,(, (Table 1fO
Although observations and creel cheeks indicate an inerens ,„„, ."
bers of nidividunls fishing for stcelhea.l <»iuli season, the a..-l,,- davs
or total flsluiiff effort spent by these fishermen in pursuit, or sleel-
licad, show a decrease Ihmugh (hi; years which is proporlionale to the
decline in populations of fish. The total annual fiKhinK (;ir,,rt. eaeh sea
son js particularly influenced by Ihe availability of fish in October ami
November, since these are the mouths when most fish are caught and
when the greatest effort is expended. If the run is lar-c and fish are
available during these months, the annual fishing uffm-l. is substantial
Ju addition, the fishing emphasis shifts towards the smaller trout when'
sca-ruu hsh arc scarce. This was particularly notjeeable in V.K>7 and
1J58 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 hatchery fish in the catch of juveniles duriii" Ihe
months of September through February has varied during the course
of the study. It has depended mainly on the location «,r the plants of
hatchery jsh In 1957 and 1958, years in which upstream .hints of
hatchery fish had been made, the hatchery fish formed a Mule over
0 percent of the entch of juveniles, while in other rears, in which
only downstream plants of halehery fish had been mad..,' they ..ompriscd
less than 1 percent of the catch of juveniles.

RESIDENCE OF ANGLERS

Steclhead anglers travel from all parts of California to fish Ihe
"PPC'™!a"lfi',l(0 Cadl fal1- '" lll<! five-yrau- period, l'Jf.4 l.l.r I, 1%K*
over 7000 anglers were interviewed in the months of October and'
November alone. It was found that, on the average, those fislinV the
upper Sacramento each fall are residents from 4(1 of Calif««S"s ?8
counties. By grouping these counties it is seen that !Mi poi-mit'of Ihe

m Tva. evV° 2^T "T IIP.illdl>nI aNM J" ^^nL (1) Sac, wme to Valley, (2) San 1 rane.seo Hay and Kaera,ne,,lo-San Jo.-up.in
)clt;tl and (.)) southern Cahrornia (Figure 17). Alllmngh Ihe « ,,,|.
el season e.N ends- oyer a l«ng«r period, most anglers fishing durin-

months other him October and November are rcsidenls ,,r tin, Sacra"

rs"WSJ?1 iw iH

st(kkin«; iiai\iu>\v

LEGEND

/" / STEELHEAD ANGLERS
AREAS OF RESIOENCE

FISHING AREA

SAN FRANCISCO

20 0 20 '0 JO

bit! i*",l I

Scalt in mills

l-'tiiuiiK 17. The U
hc-ii.l utiKk-ra

Uiixm! |iiiiui|>:i| uioiiM In Culiruriiln In xililch .Suciiiiiicnlo Itiv.r slo.l
rcsi.le. «!.o«I.,K the pci-ccMluBo or lot.il i.ll(;k-rii Iioin each nrca.

The iiiiporlancc ol' sleelliead and salmon fishing is also reflected in
lh«! growth iif wMimicrciul boat, landings and fishing resorts alon>' the
Sacramento Kivcr betwen Hamilton (Jity and iiedding. In 1<J45 There
were no commercial boat landings in Ihe upper river area The first
organized 'sportsman's landing and boat rental was established in
jiMli (Smith, lac. cil.). Only three such establishments were operating
in 1!M7. However, at the close of the 1D4S season eight boat landings
were in operation, and three additional ones opened for business cnrlv
in 1!M!». M present, (here are IS establishments along the upper river
oMVring such facilities as cabins, house trailer space, boat launching
boat, dockage, and boat rental. In some establishments complete lines'
of fishing tackle, as well as boats and motors, are for side.

SJC-438 



fcc
DKI'AHTMENT OF FISH AND

VALUE OF THE FISHERY

'_ A sport fishery is worth at least the amount of ,,,onev that angers
■speml ,„ pumiit of it A,, economic, .survey by the DepaHmcu 1' h
-ml Game in VJot nulieiiloil llml the average daily expenditure by
California steelhead angler Wlls $18.11 (lviS«j», 1<J>>5) S ce ,c ul L
"iff expenses included transportation, food and lod*u£ c vt^s t i
wipp w», cju.p.nent, and licenses. To l,ri,,jr ,.!„. ^.fi Sfi.m.iH „ w
n«y ilntly amount spent. l,v CalilVnia sl^fhcad „„.,„.,■« h, IS', „
values Jor the «iiwci:cliitjr years of (his sfudy, ll,<r V.iM nV,m; lV!ls mu|li-
pf)ed by appropriate annual factors derived from .onsumer price

1,] T, ! T' t'O1TCi;1(>(l ( «•'>; ••xp«..i.limn« were iIkmi in tun, n.ulli-
plied by total annual angler ,|ays .-xpcml-d, In an.jV(. ;|, ;i ,„,„, mh|i.
"nun annual value for the fishery (Table 1«). Thus, the minimum aver
age annual value for the upper Sacramento River steel hed ^
was a little under $390,000 from 1954 tlirciu^h l!)f>«
As previously iiotctl, Ihe average steclhead fisherman spends 4 1

hours a day while an-lm- for sleelhcud. Taking all sizes of Msh eau-l.l
in o conjiilci-iihoii, on the averse he fishes two a..fr|(T days lor. ea.-h
Moelheml he lands. ThcuTfore, the average fisherman spends almost $10
for eaeh tali landed. Whereas it ro.sts «8 on the avera-e to imnUwv
eaeh sea-run ha.diery sieelhead n,.Ii,,R „,, in a cm., nn „{,,,,,. js
wtJhtig to spejid almost five times that amount to cat.-h one.

TABLE 16

Minimum Annual Expenditures of Sacramento River Steelhead Fishermen

IMI-KK.

IU&5-AII

11167-68

I U58.6«

'Jli.CIt

2f I.1PI«

SIK.II

1H.DL'

1H. 1.0

P.I. Ill

I IP. 87

$18.7.1

Totiil uinmliit

imi'tiri

:t 11

Ki-|>t«jil*rr unly.

CONDITION OF THE RUNS

During the six seasons, 19iK$-54 Ihrou-h l»5«.ri!j, (he slerlhead.p<»pu-
lulioiiK or the upper Haeramento Hivcr avera«r,.,j 20,.r»42 fish The annual
!:"1ll8/"f111llinini"y-«])"wnc<l or wild fish alone avera^td almut 18,IJ0()
Jisli (lable \i). An examination ol' Ihe wild populations also reveals a
jump from J4,(KH) in J953-54 to 2G',0U0 in MiM-M, followed bv a deeline
to H0UU in VMS-UK The total population (inelndin- ha^he.y fish)
shows a similar rise and deeline. The trend since l!)r>r.-r,(; is de/inilelv
downward in either ease. Whether or not Ibis is part of a nalural evele
in nbuiKlmicc is not known, since the period of study was not; Ion-'
enough to determine this. Close observation of (be populations should
be made durii he next few seasons to di-lermiue wlidlirr (hey are
passing Ihrouj, . natural II.i<-lnation, or wheiher tb<-re is a Pennine
dl in Ihr runs.

stocking; iiatciii:i{v-|{i:ai(i:h stkkmikad hai.viiow tiiout G7

TABLE 17

Breakdown of Annual Upper Sacramento River Steelhead Populatfons. Showing
Numbers of Hatchery and Wild (Naturally-Produced) Fish. All Fish

Are 14 Inches and Over In Fork Length

Itl.VI-M

I'J'.l-.V.

MM!Will...

IU5G..P.7

iti.ri7-:.8
IUAS..VJ..

Smmin

As.

IIhIi'Imtv

li»h

Illl

S.HI.'t

■-•■■■"

'.itillS.')

I-..I7:.

tl>..Vt|

1 S.I) IS

Ti>l ul

i nit

1 I.IIHI

JS.HX1

16.390

!'.».-! 10

*„.„

In the Columbia Ifiver, where both winter and summer runs of steel
head o.-eur,,lhe summer-run populations have ?rone Ihrou-h a series
ol Muelualions in reeent y.'ar.s which surest six-vear e\v|*.s (Oregon
'isli (,ommission, 1*157). 1'eahs in the populaiions were n-a.-lied in

I . '.» ' a"(l lf)r'2' wiMl Jow l)oillls lj(iil'W "'Kwli-rcd in 1!M:J and
IMU. Hie summer run avera-ed L>27,0()0 fish from \»:\H 1hrou-h J»5Cf
mm the spawning escapement avera^'d about f>:j perrent of Ihe total
population from 39411 Hirou-h 195(i. Dotli eommereial and sports fish
eries for steelhead exist in the Columbia Hivcr. The sue nnd spawning
iseapement of the winter run are unknown. *"

The spawning eseapnnent of adult steelhead entering the U[>per Sac
ramento luver and tributaries has avcra-ed about (i:i percent iliirimr
the past six years. It is nol known what pcm-nta*rc of the lotal run
ili'siitifcl foriMit! upper Sacramento is (aken bv sports fishermen in the

ower river (below Ihe mouth of the leather Kivor). It is IhoiHil to
l)i* no greater than .10 percent, in which event the avera-e spawning
escapement would be at least f>;| 1»ereeut, a fijruro which is Ihe snine
as (Hat which is considered adequate for mainfeuaufe of the Culuiubin
Kiver runs. •

The fairly eoneenlrated sumriKir sjiorls fishery in the Na.-ramenlo for
Ilic juvenile steelhead or resident trout mav necessitate a lan'er spawn
ing escapement of adults to perpetuate the runs that would nonuallv
l>e required were year-round fishiu-r not permitted.

CONCLUSIONS

It. may be concluded from Ibis study that slo.-kinjr hatcherv-rcarod
yearling steelhead is a valid method of supplementinjr natural steelhead
production in flic Sacramento River. Natural reproduction bv sicelhead
•lurnifr Ihe sludy perio.l was tin (],e order of 1 to 1 (i.e., for'oaeh adult
one other was produeed), while arfifieial propa-raliou produced about
1.) fish lor each one spawned. This, of course, hold* true only for the
limited numbers of sleelhead spawned a( Coleman hatchery." Prcsum-
aufy, a Kieat increase in artificially..spuwiiocl adults would depress the
survival rahs of both hatchery and wild fish, but (her no evidence
to iiidii-alc at what h-vel this mi^lil become serious. The .-...diliou of fish
to (lie pi>|>i|l:if inns was i»:ni!i-ul;i»-K- n.,i;.....1.1,. :.. i»..m. /■> ». .1 ,.
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adulis «vn ilwITrIiIo (a lake

involved

or each

jr

Hum; of

l (ho hulimlng ot tfia shnly inKiTmV.io.nt
'? raqainH iim..l*r ..1 <!KK«, wl«Nn ,i|
c»igturned ft-vviiy toHpawi! imluinlly
To obtain the greatest returns of sea-run hatchery .steelhead iu the

piwr Sacramejilo, the yearlings .should be slocked [hmi.-r the nor.nnl
award migfaUm-period of wild .sfeelhcad in ll.o lair frlnttr ami
■^fipring at njdwlnrRM (Imii 30 to Urn ponn.l. [fouVr ftm-li i-nmlf-
iis the steelhefld reload! from Coleman hMuIint? iiiothic^l mi ;iv,r-
e of 0Ne sea-n,n adult .efim, H.r ea<d, 2:i yearling slo,k,d. llnwever
tl U hidy production Irani an ;,verage of Hi,. 1,,-mul wani

considered, only one un-nm ailult return wa i
ywrinRB released. Stocking of yearling u,
from Ihn lEonnrri) Iratifc felting nmt. [..WIm.'t-.I krvaler re-

Lhiiii rtnefclHK Bf yearlings in II,, „,,,,,,■ ,i£r HVKll,t,
nitlol not or rearing and sloekmg :i yeaHi,,-' .,(,<.,-

'■ "PPCr Sacii»ine""> ™ SO times gronter, or
"ns eoflt nPl>«"-s MrorWtont ITowotop, Hio nvnrum

eKliH thm pmutb, ro in nff«,t |.l,o R»t ..r w,«"l, M<l.dl
itoh m» bo figured by including ihe iuilial piWudiou cost of ywrltniw
stocked iimms t,lie value atirilmtrd to Ios,,.s of ll.sh I»t^oe» riBPlcinii
tine and return to ll,e upper ftncnunmln, pins fl,,- vain,, or any river
and ocean growth gnlniKi by the survivors. ].'min thi.s viftwiun'nl the
avei-aSe adult hatchery stedhmtl was put In tho run fm *1 „ pound'
a Hjjra-e not far above the cost of produ.-inP aud planlin- "enlHinblc''
rainbow trout in California. " T»IIIIttUW

Y!l™ flie «>st °C MCh yoavling tfMhmd ntaskKi wall only .six
COR of cad, «,■„„ halchen- sle.lbe.d landed by

ra .-o.s! ,r

or

ry

nduli

htinri«n is almost fivo Limn, ^vjde.- titan l
PUtttag one in In, ereel by hatohery .nrtliods. T],ls yahio of j.
is reflee ,d hy spoHsme,,'. ,xpendi(,,n,s, w] W, f,„«„„„ (h

o lllwr. S,ne, an average of ordy 30J) ,„,,.,.,„; 1>C

Urs), and it costs about .^3 on the nvcragc lo put a mi-mS. halol
Mee head in the run, it «Wbl Bfcmt $fl i.o pui. o»o in (he SSP?KJ

'^ ° a,11(1r?:rovi.llcR tnmfii'lww Monomlo and ,.e,n,u.ional
to the people living in many areas of California. Bqcmim or 1.1,is

jr(«««,. ,he fishery as well as tho popnlaHon.s o feh.lo d
ed penochcnlly so that ll,e mamwrniflftt plan ,nay bo alfered if

y, to insure the best passible fishing '

SUMMARY

n

Others nai-^ipnflng

(o w

l-<lne.,ion wil

'VitlalBa a
th, ejreetiveneis or .sup-
yeaHi,,. ha.eherv-rear d

i-ommto Btedhmul. Tbis was a
n,Uluded Ihe spods,,,eu nr Cllif .nS II,,

STOCKINtl nATCIlKRY-WBAUKB S'l'KEMlRAD HAIN'IWIW TKOUT

lit Ilieii' nrsjinii«ili,,iis, CaliL'oi'iiia luimlmips Inn mul Stwll
ij:;!. »"'! flio I'liiUil Htntnt l-'wll and Wildlilr S.-rviw Ihn

'Is laeilil.ie.s at Oolemaii National Kish llaU-herv oil llutllc Cvwk.
I lie bacranionlo Jtivci- upstream from ils eonl'lueuee with the Fen

Klver,_Uie area WJU, wiiieh Ihe study mis pfiuuirilv coiicpnicd, is
lumt rjiinoi-tiiut of all .streams in the Central Valley of Calif"
Iroin IIic slandt.oiut. (,f bolh water supply ;111d (ishery ratourvm
■ lady iiieiu, flow near Ucd Dhiffi is usually less thnn .11,01)0 eubie
per weoiMl inid ,s -nieially between 5,000 and 7.1HH1 eubie IVet

s;r"'lil '",. ,'■' ■ ;vl"'" lt>mt Klwthwi*! are ennuhl. The ]>rim-
steel head taking tnbularies are Slill, Oee.-. and liatile eiveks

Ad.i t steelhead nii-,,,,,, itifo the upi.er fwnnneuto priiiciimllv F
■Inly Minmtfll (be Muddle id' I [ie r,,| lowing Mtnvli. Tlirre is bul
""""'I rltl'. Nil! Imlk ,,|- ivhtt-h passes Ihe iiumlli ,,f (In- l-'ealiier Ui
neai- Lliu end ol .Septendi<;r.

The liiuo pattern of .juvenile steelhead uioviiig .seaward out of
huramento was not definitely established, although all evidence ii
eal.e.s tlml. peaks occur ill ihe spring and late Fall

Ajpw of Hnnrnnirtitu l.'ive,- slcelhead were sin ,,| |,v readin-
seale wuitplra H wa.s IouikI lh;,l. UiCftj were 17 I vvo'-y.ar-ohf i
■II three-year-olds, .{;) lonr-year-olds, si.v iive-yeiir-olds. |wo slx-vc
Olds, and uiie scveu-year-ohl.

Hl.eeliiead spawn in Ihe uppe,- Raeran,en(o 1,'iver and In most tri
tanes iro,,, the alter part 0£ Dgwmbcr (hronyh April. JSoile san,,
collected i« Ofrj hKHflstod that 8:i percent of Ihe fish were spawn"
lor tflo.fit-Hl tune, 14 pereent for the .second time, and 2 percent for '
third tune.

AIMiounb ;l biinodal dislribulmii appeared in len-lh measureme
ol the annual adult popuhttiou .luring most years .rf Ihe s1ii.lv 1
average «,w, ol a Kiicntrm-iidi steelbea.I was dHenuined lo h,- W | in,.|
ni lork Icjitrtll, The average fish \voijfhed about :j j.ounds

Mie l.ody-seale relationship ()f W(M <„■ nal urally-jn'odural sleelhe
was deterinuied, and lenglhs ::;,.| In^li iuervinents ,.f sleelhe-nl
vanou.s itp.« 1W well as leu-lhs al. u'hieh Ihey enler salt waler »v«
.aleula ed. yi.eelh,,,d lvl,i,;h spend one ,»• [«■« V(,,rs in IVesh w-,

to3°iSM" ' ° "Ie °"ea" ill'U'1' Ht(ll!lliHS " |1(>'-|; H-M^flx ,3
The >ng-th-wei-ht iri.il ionship of Sacramento steelhead was oak

h.ted h-om a sample ,»t 4K4 fish Irapped during [ho fall ,.f 1<1DG in
Silenmij'iito Hivcr one-half mile above ils eonilnniee with Ihe Fe,||,
Kivcr tB wpioral, there was good agrwment between avoraZ
actual and calculated weights. »»»B»s

TllG plitii for waluating the steelhead stocking W»S to release lar
immbew oL marked ((in-elipped) yearling, hak-hcry-rcaml sleelhe;1
and then determniethe numbers of sea-run ailtiits produced, tbei.- eos
aid then- contribution to the natural runs and to Ihe fisherv FjV;du
ion ol returns was accomplished by trapping in the lower Sacranien
" de enniuelho panmitago of halcbery fMi in the populalions a,
tlien by lagging and lag recovery (including angler returns) to dete
roii« lota numbers and angle, take. Unleherv pi- .fion co.st n.'u,,
vniv^'' '° n-hlnl-1; to pnwilt n pielure l .he eeouomirs ii
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DEPARTMENT OP PISH AND GAWK

"Sf^>wasriTi)1tt£.crarr^teas
A «!! ™amento-San Joaqiiin Delta, and (3) southern California
a sport fishery is worth at least the amount of money tliat uiMcrs

spend ,n pursuit of it. The minimum average annual expo " '
W,.,n»..fn n: ..4_.ii...., fishernicll WM a fUl|e CX'K

■'in ||K.

;stShead,andV3
Tim populations of wild or iuiliinilly.proeliie«.l xL-u

.Sacramento K.vor .showed a 50 percent decrease diiriii« I
years of the study. It is not known whether this repvi
fluctuation in abundance or a real decline in the rims I

J'ivc general conclusions regarding Sacramento stcelbead .W made-
(I) »U«kn.« .alchery-rcarcd yearling steelhead is a vnli.PWHmd
of supplementing natural steelhead production, (2) -routes•returns

tkTnl « * St??\ead are °Mained b^ locking ^eadingiSgerI i.m 30 to the pound below the general trout fishing area, (3) oil a
poundage basis the cost of putting a sea-run Iiafehcrv steelhead in the
run is not far above the cost of producing and planting "cashabl"

Z'L \(4V'1C 7lHC °f Cadl StCcll'Cad 1 <h W]
— vvvv w-> j^nwiijig" one in liis creel bv li«i(di(!Z'y

•-., y,j lih; Sacramento River steelhead sport fishery' is of coii-
i7;'"i "nP°rta.nc^ ™d tllc management plan for the fishery should
be evaluated periodically to insure the besl. possibJe /ishin- "

ilcv, N. J. J.

STOCKING IIATCIlEBY-HEAnED STKELI1EAD RAIXIIOW THOUT T-i
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