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Relative prowih and survival of offspring from manings of ketchery end wiid Deschutes River
{Oregon) summer sieelhead wrows, Selme pairdneri. were mezsured 1o derermine il heichery fish
Giffer peneticaliv from wild fish in treits thet can 2ffect the stock-reerunment reiztionship of wild
populations. Sections of four nziurzl sireams end & haichery p-cmﬁ were ezch siocked with
genetcelly merked (lactate dehvdropenzse penonpes) eved eLos oF infed swim-up inv from each
of three matings: haichery x hatchery (HH) heichery = wild (EW) znc wik = “i:lﬂ I
sireams, WW T‘5‘1 had the highest servivel znd HW fish the highesi prowth rzies when sipnificend
differences were found; in the haichery pond, BH fish had ihe nighes survive! end growth rates,
The hatchery fish were penetice v ifferent from wild fish end when they inlesbreed with wild fish
mev recuce the number of smoiis produced. Haichery procedures can be medified 10 recuce the
penesic Gifierences berween harchene end wiic fish,
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Noue zvont mesuré lE croizseEnce e la survie relstives de descendanic jssns de cToISemEnts
entre des 1ruites steelhead de piscicuiture ¢1 des sieelhesds d'é1é sauvepes, Sclmo goirdneri. de la
riviere Dieschutes (Orépon), afin de déwerminer si jes poisson: de 'p'l*»cilzul-'m: different
pENEliquement des pursmj"ts sauUvepes par des CaTaCieTes suscepiibies © ;—fft-:'n:r Iz reiziion
siock=recrotement des pom_1a1mns sauvapes, Dot cections Ge guatre cours ¢ eau neturels et un
érzng de pisciculiure ont é1f ensemencés chacun aver des puls smbrvonnss pénélguement

. margués (pnotyvpes lactale déshviropénese] ou 2vec des zleving non noums 2u slade e nape

wers le haut résuliznl de chacun de trois croisements : mesiculivre = meciceivre (KH). pisoicul-
lwre * sauvage (HW) et sauvage » szuvege (W Dans les cours d'eau, les poissons WW oni le
plus haul e2ux de survie. €1 les poissons HW le plus hevt szux de croissence )2 ob 1) v 2 des
différences significatives; dans |"éizng de piscicuhure, les polssons HE ont les 1gux de sorvie e
de croissance les plus élevés. Les poissons de pisciculiure different pénétiguemen: des poissons
szEuvages =1, guand ils se croisent aved Oes POISSONS SRUVEEES, PEUVENE CRUSET UNE diminulion du

nombre de smolts produits, Les méthodes de piscicuiiure peuven: eire modifiées de f{acon &

réduire les différences pénéligues entre les poissons de pisciculiure e les poissons sauvapes.
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IvtropucTion  of zriificially propagsied  sal-  spurces (MNeedham and Siaer 1944; Reimers

moenids into paturzl stream systems may infiuence
resident wild populations (Hochachks 1%61). The
hatchery-reared fish may affect the wild popula-
tion through competition for food and space re-
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1957, Vipcent 1972), or the gepetic structure of
the wild population may be zffecied by interbreed-
ing of hezichery fish 2pd wild fish on natural
spawning grounds. A genetic effect is contingent
upon there being a2 pepetic difference berween
the wild fish znd the hatchery fish spawning 10~
gether in the wild. Resulis of studies with brook
trout, Salvelinus fonrinalis (Greene 1952; Flick
znd Webster 1964), 2nd with Atulantic salmon,
Salme salar (Fenderson et zl. 1968), indicated
the existence of genetic difierences berween hatch-
ery and wild fish.

For anadromous species on th: Pacific coast, it

123
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ic po: koown whether adults resulting from release
of =—Tbcizlly propegated juveniles differ genet-
from wild adulis, especizlly in 1raits that
mezyv zfect the stozk-recruitment relaiionship of 2
wiid population (Ficker 1975). This siudy was
Cesigned 1o test the hvpothesis 1bat there are po
genezic difierences in growth rate or survival be-
rweed ofspring from matings of hzichery x
beaichery (FH), beicherv ® wild (HW), zod
wild ®x wild ("WW) summer steelbead trout, 5.
Paircmnert.

11.-;_

Materials and Methods

Summer siesibead trouwtr were caprured during their
UpsTeam misation In 2 rap ai Pelion reregulaung
-czm op the Deschutes River, 2 tribuiary of the
Celembiz River, during fzll and winter 197475, Thev
were beld a: the Orepon Depariment of Fish and
Widlii= Round Bun: Haichery unul sexually mature.
Eztcherwr Gsh could be identilied becasuse they are
fociizped before reicase imo the Deschutes River. As
the 1erms ar: used in this paper, baichery fisk are
rezred jn & baicbernv for zbowt 1 w1 before their
Teieese, 2od wic fisS resul from naturzl reproduciion.

Eved eges or usnjed swim-up frv from metings of

Liete adulis sebseguently were plzced in four small
eems o the vpper Trovt Creek drainazgs which
Zovws inip the Deschuies River. Averzge weckly flows
i= thess sirezms excceded 28 7/s only dering periods
¢l soovwmelt or eoesuelly wet weziher, Water 1emper-
zfrss ranged from 0°C durisg winter and spring 10
Z6°C during summer. Steelhead 2nd resideni rainbow
vom zod Jooghose dace, Rhinichihys cararactae, are
kpowm 10 ocur in these sireams. In Japuary 1975
screens were instzlied in these sirezams 1o delineaie
four study secuons (ome each, 1.6 km Jong. in Opal,
Dueichmeze, znd Potlic crecks; 2pd one, 0.5 km loog,
i> Trowi Crezk) 2o¢ 10 preven: sieclhead 2nd resident
rzinbow mow from emering the sections for spawp-
g Trout longer than 6.5 em were removed from the
sacrions by repeated electrofishing. Downstream maps
were instzlled 21 ezch screen 10 caplure oLl-MIgrEling
fich :

Oa February 24, 1975, cach adull was killed iis
¢frs OF sperm placedé in 2 pumbered comisiner and
siored 21 £°C 2né & sampie of liver Ussue analvzed
eleczropbhorenczlly 10 determine the lactale debvdro-
genzse-t (LDH=2) genoivpe of cach fish (Utter er 21,

©73). Preliminarv analvses indicaied the occurrence
of three L DH geootvpes, BB, B'E, and E'B’, which
are known 1o exhibit simple Mendclian inheritznce
{Morrscn znd Wright 1966). Afier the penorvpes
were determned, the siored gameles were combined
into three sets of fertilized eges. Each sel consisied
of grovps of eges of each 1LDH Eenonype a.nd each
meaimng 2 tnllm

Maw:p
Sers HH HW W
| BB .- BB .. BB
II BE. BB . BFE
m BB BB

bR
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The numbers of adulis used in these matings were:

homogenales.

Hezichery Wild
Maes Femzies hizies Females
BE BB BB EBE3 BE BF BB BE
13 14 13 16 4 4 4 4

Moo-LDH gepotvpic varisbility was maximized in the
ofspnng bv dividicg ibe eges from each female imo
2 number of subsamples egual 10 the number of males
16 be used in the meiing. Each subsampic of cggs was
then ferulized by sperm from ope male. Thus, 2
mating repressnting m males and § females l:nns'mc.d
of m X { individual matinps.

It was pecessary 10 repeat the spawning procedure
on & second date (Merch 18) because of low surnvival
in one mating of se: Il Matings for seis I and I11
were repeated 31 this time. The pumbers of aduits
used in these matings were:

Harchery Wild
faier Femelss Majes Femaies
EEF BB BE EE BE ZBF BE BH
i3 is i3 20 5 12 4 &

Fenilization wat delzved for < 12 b for 2ll matings
oz both dates. The femilized egps were placed in
r-u:....ncr incubalor wrave with & 2327 {/mis flow of

4 C water. The eggs were lef: undisturbed until they
rc.Echtd the eved sizgpe: desd egps were then removed,

Egps from both spawning daies were vsed 10 siock
the swudy sections (Tzbie 1). Vibert® boxes, each
conizining 600 eggs, were marked 10 identifv the eges
ibev contained, and ihree boxes of egee (from esch
maiing: HE, HW, WY} were placed in aribcis!
redds excavaled #i reguler inmtervais in 1he subsirzte
of the siudv sections in Dutchman (15 redds), Fouid
(15), and Trout (i0) crecks. Esch depression was
then flied with grevel 1.5=7 cm in dizmewer. Fouid
and Duichman creeks were siocked with 2000 egps
from esch msaiing and Trout Creek with 6,000 from
each. The Viben® boxe:s were removed from the
redds zfier fry emergence from the gravel was com-
plele, and dead embrvos were coupied

Opal Creck was siocked with 22 500 swim-up frv
and £ haiwchery poné a1 Rouné Buile Haichery with
1E,000 (Table 1). The frv siocked in the haicherv
pond were reared zccording 1o siandard practices by
personnel a1 Round Bune Haicherv.

Sampies of juvenile fish were capured from the
sections by elecirofishing severzl limes during the
period from July 15, 1973 10 April B, 1976, These
semples 2nd the fish removed from the traps were
frozen and 1aken 10 the laboratory where they were
thawed and mezsured (fork length). The LDH peno-
ivpe of each fish was delermined from -cve-lissue

Resnlts.

Among eved eges from the three streams,
survival of WW embrvos was significantly grester
(P {ﬂﬂS] than that of I—IH and HW :mhnrns
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TasrLe 1. Lactate debvérogenase genotypes of eved egps
(E) of sieelhead trout (Salme gairdneri} placed in 2nrtificial
redds and vnfed swim-ug frv (F) stocked in experimental
treamns end a  hawchery pond., HH = hawchery =
hatchery; HW = hawchery x wiid; WW = wild x wild.

Steelhead stocked Matiogs
Lije

Losation slape HH HW W
Pouié Creek* E BE EE E'E
Haichery Fopd* F BB BB B'E
Duchmen Cresk® E B B BB EE
Trout Cresi™* E BER BB B E
Opel Creek®® F PR BB BE

'Epps ferclized Februsrv 24 1975,

*Eges feriiized March 18, 1975,

*Onsl ant Trout cresie stocked with fsh from the
SEMIE MELDES.

(Table 2). (These ceia did not include one
Wibert¥ box of WW embrvos from Poilic Creek
2nd Ave boxes two HE, rwo HW, znd one WW
— from Trouwt Creek thzt had been washeZ ou
of their redds.) The varience of the zrc sine
squzre rool of percentzge monelity for groups of
eved egps was anzlvzed following ibe technigue
of lezst squares analvsis of 2 linear model (Draper
and Smith 1966) 1o overcome the problem of
unequzl semple sizes,

The traps &1 the lower ends of ecach study sec-
lion were funclionzl end assumed 10 have cap-
tured zll downstresrn migranis during the period
from their installation o April 10 November E,
(1575, except in Troui Creek where high water
caused the wrap 1o be inoperative during portions
of Mzy and Jupe. The traps were not functional
for most of the period afier November &, 15875,
Less than 500 experimentzl fish from each stream
WETE czprﬁred in the trzps (Table 3}.

In zll streems where the numbers of juveniles
from the experimental matngs differed signii-
iczntly, progeny of WW matings were most abup-
dant (Table 4). In the haichery pond, HH fish
were the most zbundanit. Overwinter {(Ociober—

TagLE 2. Pereent survival for different groups of eved
cggs stocked in three experimental streams (HH =
hawchery » bawchery; HW = haichery = wild; WW =
wild = wild), *9,000/mating; =" 6,000/mating.

Matings
Totzl no-

. Cresk stocked HH BHw W
Potlid 27,000~ &89 83 83
Dutehrman 27,000 70 T2 78
Trout 18,000 75 84 86
Combined gecks 72,000 78.4 - 9.5 86,1

TabLE 3. Freouency of ish from thres experimentzl
metings that were resonerel from wraps before
Ociober 1975,

MzSos
Creek Eu Hw T ¥
Opel 135 121 o 1.1
Poilid = rims 105 141.1*
" Dutchman 1z =0 120 23,4
Trou: 75 S £l 2.4

‘Txpeced velues for the chsouere czlcviations
were gerived by wsing citg froo Tzbie 3 2pd 2ssum-
ing thet eggs from diclecated Viben® boxes made
no comiribution 1o ibe expericentz] populztions.

ESiaiisticelly sigmiteest 21 the 0,003 level.

Mzreh) shifis in reletfve zbundaoce occurrted i
Opal Creek, where survival of WW fish was sie-
nificanijv greater then ihet of HE fish in the {zi]
bui oot in ibe spring. In Pouid Creek, frequencies
in ibe fall sample indiczied no significent differ-
ence Ia relgtive shundence, zod frecuencies 1o the
spring sample indicaied siczificanty grealer sur-
vivel of WW theo of B3 Sch

Out-migretion rzres of 0% for HH. 31% for
HW &nd 69% W wculd have produced the
observed frequency chzog: berween fzll znd
spring in Opzl Crezk. The oniv wrzp s2mple ob-
izined ezfier Sepiermber, wiich was from Opal
Creek oo December 1. 1275, consisted of only
eight fish — ™o BW znc six WW., Deschuies
River summer sieelbezd mowr fry from ribulary
streams {Fessler 19720 2nd summer sieelhead
and resideni raishbow trou: from severzl ldzho
sireams (Bjoron 1871) zr: known 1o migrsie
downstreem during the fz1l znd winter. A differen-
tiz] out-migration in Cpel Cieek but not in Trout
Creek, both of which cenizined fish from the same
matings, may have beca due to the more exireme
winter conditions in Opal Creele Trowm z2nd Podid
creeks were covered with jes durning most of the
winter, bt Opal Creek ofien was poi. The re-
curreni ebsence of 2 protectve covering of ice
resulted in greater Sucruatons in temperature in
Opal Creek and ice fregusntdy formed on the
stream bormom.

Io Opal and Potlid creeks. HW fish were larger
(P < 0.005) than HH znd WW fish (Table £).
Mean lengths of fish from Dutchman and from
Trout creeks were not signthcantly different. In
the hatchery pond, the HH &sh were significantly

, larger than the HW apd WWW fich (P < 0.01).

Diifierences in 1he eovironmental conditions
from stream to siream and sampling error result-
ing from the rclatively smzll pumbers of wild
adults used in the melings were possible causes
for the lack of consisicocy chserved in the relanve
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Freguencies {per::ntj and mezn lengths {millimelers) in perentheses, of

fish from experimenizl matings in sarn',:u]ﬁ from streams 2nd &£ haichery pond, ¥
compares numbers of fish from each maiing.

Location and

Matings
coliection Ne.
date fish HH Hw W y

Opal Creek

Julv 14, 1975 222 34{46) 25(46) 3T(45) 2.0

Seplemnber 9, 1975 150k 26{59) 32(62) £2(58) 5.6¢

Ooiober 25, 1875 464 26600 (a3 44(61) 7.5

March 3, 1976 52% 33(63) 3(ES5) 35(63) 0.8
Poilid Creek

September 8, 1975 130 31(5<) 3NET) 23(55) 0.7

Movember 4, 1975 316 kLt 3H(60) 30060 2.6

Mareh 3, 1976 296 2B(62) 33(65) 3I0(E3) b o
Duchmpan Cresk

August 17, 1975 453 3355 33(54) 24054 0.1

Novemnber 7, 1975 432 32(62) I6(63) IXE1) 2.7

Februzry 29, 1976 334 29(70) I7(6E) Fa(70) 1.6
Trour Creek -

Movember 4, 1875 435 23(5]) 2951 2E(5]) 7.4

April B, 1976 115 23543 36(52) L5 7.8
Ezicher Pond

August 16, 1975 497 A0M60) (%€} 29056 10, &

*Expecied values were czlouiaied by zssuming thet embrvos from dislocziec

boxes made no contnbution o the expermenzl papu]annnf.

*hezsured lengths of 158 fish,

*Sievisucally sismificant 21 the 0,08 Jevel, -

lengibs 2od zbupdzpces of fith in the different
study sections. Anzlvsis of the variance io lengih
for fish obiained in the fall and spring frem =zl
sireams 2nd inspection of ibe relztive frequency
czlz suggested 1hat ithere was po selective advan-
tzge zssociated with individual LDH penotvpes
of fish that were siocked in 1he stresms.

Discussion

There were genetic differences in growth rate
zod survival berween the ofispring of haicherw
and wild steelhead. Differences in 1he npumbers of
fish recovered from the wraps, although not con-
sistenl. sugpesied that there were behavioral dii-
ferences berween ofispring of hatchery and wild
fish; however, 1the effect of migration differences
oo the relative growth and surmvival of fish from
these thatings was not clezr.

The observed differences in survival suggesied
that the shori-term efiect of haichery adulis spawn-
ing in the wild is the production of fewer smolis
2nd uliimatelw, fewer returning adulis thao are pro-

duced from the same number of only wild spawn- -

ers. This efiect depends on the particular limning

factors and environmenizl conditions in a given

strezrn syvstern and on the total  number of
spawpers. In some stream svstems, the same total

number of smolis may be obizined simply by
ellowing more haichery adults to spewn (Fig.
1A}, whereas in other svstems, pumbers of smoits
msay be reduced regardless of how many hatchery
aduls spawn (Fig. 1B).

The length datz for fish from Poilid and Opal
creeks indiczted thal there were genetic differ-
ences between oflspring from the diferent matings
surviving after 1 full 37 of exposure 10 patural
seiection o tbe sirezm envircnment 1f these and
other genetic differences persist until the ofispring
ol balchery apd wild fish reivrn a5 aduls, there
will be 2n additionzal effect on the wild population,
The expected result is 2 reduction in the overall
reproductive success of the wild population (long-
term effect in Fig. 2). The relative mzgnitude of
shori-term and long-term efiects would be ex-
pecied 1o vary through time. In vezrs in which
the environmen! is unuvsuzlly fzvorable for sur-
vival of fish, the short-term effect would be
expecied io be reduced, but this reduction in arn
would increase the long-term effect in later vears
when the “mild vear offspring™ returned as adults
and spawned in the stream. Conversely, in vears
in which the environment is unusually harsh the
shori-term effect would be expecied 10 be high,

~and the long-term effect low,

The results may provide onlv z conservative

-
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W

Number of smolts HWS
produced by notural
reproduction
(generotion T+1)

N

Number of spowners
(penerction 1)

Number of smolis
produced by noturol
reorocuction
{oenerationt +1)

M
Number of spowners
{generction 1)

Fic. 1. Ewvpothetical siock-recruitment relztionsnips.
Numbers of smolis produced 2t high spawner densi-
ties are eguivaient (A); nmever eguivalent (E). Ses
1ex: for explanation. Shori-term efect 21 an escape-
ment of N spawners is 5. W = the relztionsaip for
zll wii¢ spawners with no previous hesichery inlre-
ductions. HWS = the relationship due 1o haichery
adulis imterbresding with wild adulits. EWS wvaries
with the proportion of ihe 1otal spawners ihsl zre
hzicherv fish; this proporiion increases the disiance
‘between HWS and W. Availabie spawning zres not
limited {A); limited (EB).

estimale of the effecis of interbreeding beiween
haichery apd wild fish. Most of the adul! hatchery
fish captured in the 1974-75 winter were po
more than two generziions removed from wild
steelhead trout parents. As 2 stock of fish 15 sub-
ject 1o the selective forces of the haichery environ-
menl over more generations, the genetic difference
berween the haichery fish and the original wild
stock will probably increase. In addition, a large
number of adult haichery fish spawn in the river
immedialely below the Pelion reregulating dam;
conseguently, some of the wild fish vsed for this
experiment are likely to have bad a hatchery fish
for & parent Finally, makiog all matings for each
.sirezm in the hatchery on the same day eliminated
apy potential effects due 1o differences in adult
behavior. Differences in spawning time and otber
adult behavior may have a considerable efiect on
the relative performance of offspring of haichery

and wild adults. Hatchery steelhead from the

123
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Numberscismolis | § § i HwWL
produced by [ ~

noturol 1| HWS
repreguction 1
{generction t4 1) :
]
i
1

M

Number of spowners
{generation 1)

Fic. 2. Suvgpesied effecs of imerbreedice berween
hezichery and wild fish 2nd 2 bypoihetizal swock-
recruitment relationskip for paroreliv  reproduociag
fist, Toizl eflect 21 2o escepement of N Sewner: 18
L = 5 %W = the relaticaship for zil wild speuners
with ne previous baichery iotroduclions: WL = the
reizlionship resulling froo 5:1:": cCiferences between
wild =ceiits tha: zre offiszring of bsichery and wilg
fish; HWS = ihe reizuionstip resulipg fom ister-
breeding of hatchery wid 2dulis. 8 = shon-ierm
effect and L = long-ters effect (se= 1ex1 for expiane-
tion}.

Deschutes River wend 1c spewn ez2riler than the
wild fish. 1f paturzl selection io the soezm svsiem
is regulziing spawning ilme jor cpimal survival,
then in most vears poorer sunvival would be
expecied from fish spavwning ezrlier than wilé fish.
The smeller the gensiic cifierence beiween the
hzichery fish and wild Hsh the smaller the ex-
pecied efiect on the wild populztion. The genetic
difierence czr bt reduced by using maiive wild
fish which are zdepied 10 thel pericuiar sirezm
svsiem for brood sioct 1o imitizie the baichery
program 2nd in subsecuent geperaliens Haichery
practices could be modified 10 reduce aruficial
selective pressures swuch a2s selection for early
time-of-return and rapic growib in the haichery.
These modifications extend the period of egg
collection and prevent destruction of siow-growing
individuzls (grade-ouis). Thic decrease in ¢iD-
ciency represents the cost of reducing the geperic
difierences berween haichery and wild fish.
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