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SYMPOSIUM SCHEDULE

Sunday evening, 3 ! October  9!�

4: X! � 6: Kl Registration
Low cr Level Foyer

5; X! � 7:f� lVo host reception
King County East Room

Monday. 31  !ctohcr 1983

7:30 � X:00 Registration
Lower Lcc Cl Foyer

!I: 15- I I: 15 I:ndocrine session
ldy lw o 'Id~ Marymo >r
I I: l5- I 0 ! i.unch hreak

I: X! � !: I !  ;enetics sessitin
Idyl wood, Mary moor
0: I  ! � 5:3 ! Poster session I

Factoria Roont
6;30 .! ;0 ! Symposium Reception

I3cllcfield Fairwcather

Tuesday, I Novcrnhcr 19X3

8:15-11:30 I;nvirontnental factors session
IclylwOACI/Marynlooi
I I:30 � I:00 Symposium luncheon
�c lc ic d Fairwcat her

I:30 � 2:50 s utrition session
idyl w  n d'Mar! riioor
2:50-5:00 Poster session fl

Factoria Room
7:30-9: X! Tahle talks

ldylwood/Mar> moor

Wednesday. 3 Novemhcr !9 �

X:� � 9:5 ! Fndocrine session
Id> I wood Mary moor
10:15-11:35 Broodstock management and hushandry
Idyl wood Mary moor
I I:35 � Noon Symposium wrap-up
Idy lwoocl/Mal 5 iii ior

I;30 Buses leave from lower level lobhy
2, X! � 4; H! Tour � lJniversity of tA'ashington

School of Fishcrics



INFORMATION

During th» Symposium, the registration and inlorr»« ion desk mill bc i>pen durin' th» fol-
low ing houri.

REGIS1'RATION <<'< INFORMATION

MI-.S!>AC>E CENTER
Symposium rcgiitranti may ie»»ivc <ir leave message! at thc Mcssagc Ccn cr in the r», i> ration
«r»a. Telephone calli for the rnessaac ccmer v ill b» rc»»ised through the hotel iwitchl o«rd,
�06! 4sS-�00.

UNIVERSITY I OUR
On Wednesday at'tcrnoon N<ivember > foII<>wing thc Symposium, ther» w ill b» a tour ot th»
Scho<il <>f I-iiheriei at the Universi y of Washington tor Synipoiiuni parti»ipa»ti. If s ou are
intcrcs ed in this tour. plcaic sign up a  the Sympoiiur» registration desk v hcn you iirri> c.

S'!' M VO S I   M PROCE F DIN GS
AII papers � bo h oral and p<>! »r «i'e eligible for publication in either Aqi«i<  </a<re oi i» ii pro.
»ccdingi to b» published by  he Washington Sea Grant Program I'a»h of th»ie volonte> <v!II b» a
speci«l issue devoted c><clu!tv»is to th» Sympoiium. One copy of thc procccdingi publish»d hy
Washington S»a Gr<mt « ill he pros ided to every Sympoiiui» participant v,ho p;iyi a full or lim-
it»d registration fcc. 1 hc proceedings to bc pubhihed hy r><q««<  < r<rr» will b» as ail«blc to Syrii-
po! iuni registrants «  a»oit to be deterniincd hy the publisher.

St<lid«y
Monday
'lu»idav
Wednesday

October 30
Octi>b»r 31
Nov»mber I
Nove»ih»r

4:0 ! pl<i � 7'.00 pm
7:3 ! an> to 5 30 pni
7:30 an> to 5.30 pni
1 : Xl am to N<><>ii
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MONDAY MORNING
31 October 19113
ff IS tii I li�

ff:15 Introduction and Welcome
Louie S. E»hols, Director. Washing on S»a Grant Program

fl:30 Endocrine Control of Final Gatnete Maturation in Salmonids
Yoshitaka Nagahama, National lnstitu c for B;<sic Biology, Okazaki. Japan

I'NI! ! 'R IN !LOG Y

 'hairrnan
Yoshi aka Nagaharn,i
National lnsti utc  or Basic Biology
Okazaki, Japan

ff:50 Estrogen Synthesis in the Teieosi Ovarian Follicles: The T»o Cell-type Model in
Saltnonids
Hirohiko Kagawa. National Ins itutc t'or Basic Biology, Ok«zaki, Japan

Thc prcscn  study was «onduc cd to assess the role of  he thecal and granulosa layers of
several speci«s ot salinonids. with p«r <cular emphasis on amago salrn<m, On«n/<vn< hu< rhrr-
Jurns, on estradiol- I7-l<'  E,! productionin i iiro in response  o partially purified salmon gonado-
tropin  SG-G I X!!. Four different folli«ular preparations froin vi cllogcnic foll<«fes of amag<i
salt»on  intact fol! iclcs,  hc»ai layers, granulosa layer». and  hecal layer-granulos<i layer co-»ul-
 ur»s! were in«uba ed in  hc presence or absence of SG-G IOO, E, and testos crone <'I ! levels in
the nicdium were measured by specific radioimmunoassay SG-C	 X! s i<nul«te<f I:�produc ion
by intact lolli«les and «o-«ulture prep«ra ions, bu  no  hy the isolated thecal or granuJosa layers,
indicating that bo h layers arc necessary for gonadotropin-s imulatcd E, produ« ion In contrast,
SG-G 100 grea ly s irnulated T production by  he»al layeis bu  only slightly by the <<ther tollicular
preparations I', precursors produced in the thecal layers in response  o SG- I IIX! have been
identified. The thecal layers were incubated with SG-G IOO and ether extra»ts of th< media from
these incuba es v, ere fra«tionated �0 separate fractions! by reversed ph isc high p i forniance
liquid chroinatography, Only  v o lruc iona added to the incubation medium v,ere»onvertcd  o E.
by granulosa layers. These  v:o fractions had re en ion times that coincided v,i h authentic an-
dros enedionc  A! and T respcc ivcly; the purity and  in«i charactcriz« ion of  h»s« fwo frac iona
wer» con tirmed by thin la! er»hronia ography and mass spectrum.

These resul s indi»a c « wo cell-type model for the production of' f<illi«ular es rogen in
aniago salmon. the  hecal lay<.r «<mtributing to E, production by syn hcsizing 3' androgcns  A
and T i which are transferred  o thc granu!osa layer and aroma izcd to E, A tv, o c«l I-type model
«is<> scents applicable  o the production of f<illi«ular estrogen in other species ot salmonids 1«burn
and in«su salmon. and rainbow trout!.

Endocrin» con rol of final game » maturation has been investigated in our fab«ra ory using
tour spc«ies of siilmonids lamago salmon, O««<rh««bus r i<odur«s; chum saliii<»i. r! l.<nrr. rnasu
safinon, 0. rnuxuu; rainbo<< trout, Salm«gair</n<rn I'he matur« ion-mdu»ing steroid IMIS! ot'
amago salmon has been idcntilie<1. 1m<nature but full-grown folliculatcd o«cyt»s «f'«maga
salmon werc incubated with chum salmon gonadotropin.  SGA!. Ether ex rac s of thc media from
these incubates v crc I'ra« ion«ted 1 20 separate fractions! by reversed phase high pert'ormunce
liquid chr<niia ography. Thc MIS activity based onin iirro germinal vesicle br«<kdown  GVBD!
using immature. full-grown oocytes ot' «11<ago s«lmon was found only in fraction Ii! whi»h had a
rc ention tin<» tha  «oincided exac ly with au hen i» 17-0,2f!-li-dihydroxy-4-pr«gn<.'n-3-one < 17-
<x.20-l3-diOHprog!. The purity and final «hara«tenzation of the residue of f'raction 10 werc con-
firmed by the  h<n layer «hronia ography and <nass spectrum. These resul s indi< «ie that 17-r<,20-
P-diOHprog is  hc natural MIS in am«go salt<!on 17-<x.20- -diOHpr«g was th» n!ost po cn 
indu«er ol'in i <<ra GVBD in «II salmonid species s udicd. and high con»cntrations were I'ound in
the plasma of all females und«rgoing final oocyte <natura uin and <ivulati<>n.

Incuba iona of  ex i»ul<ir fragriients from spcmiiating niales with SGA or I7-<~-hydroxypro-
gcsterone resulted in a highly signitican  increase in I7-o,2 !-lJ-di !Hprog levels in thc incuba-
tion medium. In all males s udied, plasm« levels of 17-<x.20-l<J-diOHprog v cre «i her not det»« -
able or vcr> low during  cs icular development and rapidly increased ut the ons«t <ilspermiation.
Fu thcrmorc, tv'o successive intr«peritoneal in!e«tions of I7-o<.20-l<'-diOHprog iiito non-spcrmi-
a ing «mago salm<in induced precocious spenniation about onc m<mth prior  o the norm~I sper-
mi;iti<!n period. In contrast. nci hcr 11-kcto es os crone nor testosterone was effe» <vc in induc-
ing prc«ocious spermiation. These results will be discussed in relation to the possibl»
involvement of 17-«.20-lJ-diOHprog in spcrmia ion ol male salnionids.
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<J:00 The Application of Radioimmunoassays for Sex Steroids, Gonadutropin, and Vitel-
logetiin to the Study of the Reproductive Cycle of Ralnhaw Trout .Salmo gairdneri
A P. Scot , J, P. Sumpter*, S. M. Haynes, and P. R. Witthamc», Ministry of Agriculture,
Fishcric», and F<iod, L<iwe» <if . United Kingdom
' Brunel Uoiversi >. Vliddlcscx, United Kingdom

ln rainbow trout females,  agni i«ant «hange» occur in plasma levels of'»cx» ero«!~. gona-
dotropin and s itel!ogcnin during  he reproductive cycle. While much a tention has prcv aiusly
been direc ed to the level» of  hcse hormone» during advanced stages ol ma uri y  i.<'.. <'x<igc-
nous v i cllogcncsi» and ovulation!. very Iit le has been directed  o the «hang«» that «««ur during
 hc very early stages of gonadal growth  i.c., the beginning of thc secondary oocyte grow h
pha»e!.

Wc pre»cot data on plasma hormone and vitcllogcnm !cvel» in tvoycar old. virgin fcmal»
rainb<iw  rou  over thc months f <im January  o Junc. This period cncoinpasscs ihe iiiiti;ition of
secondary oocyte grov, th phase as assessed histologically.

Data are also pre»en ed on hormone level» in iriploid female rainbow trout. I'hc»« <sh aie
cffcctivcly» cnle   he ovarie» «rintaio only oogonia!. so  hc pla»roa» «<in» i ute a base!inc tor thc
prc»cot investigations which are concerned v;ith sinai! change» in hormone level».

9:20 Kvolutiun of the Follicular Sensitivity in vitro to Maturation-inducing Hormones nt
the End of Vitellogenesis in Rainbow Trout .Sabrto gairdneri: Role of Kstradiul-17$
Bernard Julabert and Alexis Fustier. Institut Is a iona l de la Recherche Agronomiquc. I.aboratoir«
de Physiologic dcs Poisson», Renne~ Cedcx, France

Trout ovaries exhibiting oocytes at a dehncd stage around the cnd of sitcllogenc»is  cnd o '
vitellogenesi» � GV �, subpcriphcral germinal vc»icle � GV+. peripheral germinal sc»icle--
GV+ werc pro«c»»ed forin <itru incubations in standard conditions, in order to»xamioc possi-
ble relationships between the following pararne ers: oocyte sensitivity to the ma uring»<eroid
�a-hydroxy-20�-dihydroprogesterone  �a, 20'-OH-P!. follicular sen»iiivity to thc inatura-
tional gonadotropin s-GtH, inhibitory potency ofexogenou» e»tradiol-�l3  E.! over s-G H-in-
duced maturation, and level <if Et in th<. plasma of donor fishes. The sensitivity to horlll<!iles was
c»timatcd by thc inedian efficient do»c  MED! for morphological oocyte rnatura ion i i i i iro.

Globally. thc follicular sen»itivity and the oocyte»cnsitivity exhibit a »igni i«an  <osaria-
tion, However, when ~ tention i» paid  o the oocyte morphologica!»tage, the peripheral rnigra-
tion of the GV appear to coincide with a juoip in oocyte sensitivity to 17a, 2 !�-OH-P

A significant «orrelation «an be observed bctwccn plas<na E, !eve!and the lollicular sensi-
tivi y to s-GtH. bu  not betwccn plasma Ea and the oocyte sensitivity  o 17a, 20�-OH-P. I'he
inhibitory effect of Ea on s-GtH-induced maturation in cirro appears all  he morc impor ant as thc
follicular»en»i ivi y is high, and can be de<non» ra cd even with low doses. in thc physiological
range  o.05 p.g/mI!. Taken together thc»c da a lead to the conclusions that the peripheral inigra-
tion of the GV i» a morphological event which appears to «oincide sta istically with a lump in
oocyte scnsi ivit> and that Et is an trnpor ant physiological regulator of folli«ular seo»i isity t<i
GtH.

<!:35 Plasma Steroid Proliles during Sexual Maturation in Saltnonids
Kouhci Yamauchi. Hokkaido University, Hakodate, Japan

Plasma lcvc ls of various steroid» were cxaniined at different s agc» ol »cxual niaturi y of
three»pecies of »almonids  amago salmon, On«rrhvn< hux rh<rdurux; masu salmon, 0 rnoxriu:
chum salmon, O. i eru!. E» radi<il-17ll  E,!, testo» eronc  T!. I I-ke o est<is crone   ! I-kctoT! and
17<x, 2 !�-d hydroxy-4-pregnen-3-onc �7a, 20$-diOHprog ! were measured by radioinimunoas-
»ay. Plasma steroid hormone profiles in  hrce specie» of salmonids werc similar and w ill bc
treated together. In females, E, levels gradually increased during vitellogenesis and pcakcd at
thc cnd of the vitellogcnic period and de«lmcd markedly in mature and ovula cd  ish 'I levels
lagged behind and followed that of E, during vi el!ogcnc»is, but remained high in rnatur«and
ovulated females. 17<x. 20�-diOHprog levels were low during the rnaj or part of thc pre<ivulatory
period and rapidly elevated in mature and ovulated females. Dc ailed changes in thc plasma
!eve!» of E. and 17a. 20P-diOHprog level» were investigated in rnasu salmon during the «our»c
of final <natura ion and ovulat<on. E, levels were high at the beginning of the cxperimcn  8 days
prior to uvula ion! and declined  o basal level» 4-6 day» prior to ovulation. In contra»t. 17a.
2 !P-diOHprog levels v erc either iuit de ectablc or low when Et Icvels were high aod rapidly
increased after F t levels declined to basal lcvcl». rca«hing a peak 2-4 days prior to <<sulu ion.
The Icvcl» gradually dc«rea»ed t herea  er

In males. plasma levels of 11-kctoT increased during rapid testicular dcvelopnicn , 1<i!-
1<swed by a sharp drop durine»paw ning period. A simi!ar pattern was ob»eived for 'I allhough T
wa» «on»is ently lower than 11-kc oT. 17a, 20/3-d OHpr<ig levels were very Iow duiing  he nia-
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jor part of thc development of  hc testis, and rapid!y increa!»d at thc o»sc  ol !pernii;ifion: thc
levels reiiiained high d»ring the period of active spcrniiation and sharply declined  bcrcahcr. Thc
pos!ible roles of steroid hormones in ganic c dcvclopm»nt and matura ion >n»~al>»<xiid w ill hc
dis»us!cd.

<!;5 !  :offee break

10:
 Ovulatory and S eruidal Responses in Coho Salmon and Steelhead '1'rout Folios< ing
Administration of Salmon Gonadotropin and D-Ala~. Des- 'Iy'" Fthyiamide  .nRHa!
S. A. Sower, Univcr!i y »I New Ha>tip!hire: R. N. Iwanioio, W. W. Dickhotf, .ind A. C>orb-
rnan, University of Washington

Horm<>nc injcc ion cxpcrimcnts werc co»due cd lor two years dunng  he full,iiid early w in-
ter <<hen adult coho salmon and steelhead tniu , respec ivcly, spawn. Succ»ssivc I>lice loils of
partI! purifiedcoho salmon gonadotropin and synthetic analogue oi'hyp<> hi<I;ii»ic  i»RH,'> «<I-
vanccd ovulation by two  o thr»c weeks in coho !alii»in and!teelhead  rout in ail t»~ s ln thc!c
sa>nc  c! s, all ireatinents of salmon goiladotropin tollov'cd by onc of 0 doses <!I OI1RHa I s !, .s,
0.5. oi 0.05 inicrograms. kilogra n! in coho!»1m<in !igni i»an ly dcpre !ed es radi<>I Icve!!
wh»rcas <indrogen levels were significantly cl»rated compared to control~. Trcaiincni with
salmon gonado ropin followed by only one dos» o  OnRHa i >0 iiiicrogr.im kg! i»! Ieelllead fniut
caus»d a simi!ar r»!po»sc of a signific<in  decrease ol'cs radiol. In summary, fhc d<>~cs of  inRHa
I S. 0.5. or 0 05 microgram kg! follov ing injection of coho salmon gon id<iiriipin  irc th>.' I»west
doses that hav» been rcp<>rtcd to he e t'ective for «ccelera ion of ovula ion in salninnid!. Further-
more, part of the mechanism of normally accelerated ovulation is»vide n  by ii J»civ <is» in c! i a-
diol levels concomitant with an inure»!c in androgen levels.

Ii! 30 The L'se of Des-Gl! 'o D-Ala~! I,II-RH-F hylamide to Induce Precocious  !vulation
in Adult Fernale Coho Salmon  Or corhynchus kis z ch!
M. S. Fitzpatrick. D. M. Oberbillig. B. K. Suzumoto*-, and C. B. Schrcck, Orc <!n Coopcritivc
h!hery Research Unit, Oregon Sta c University, Corvailis
' Oregon A<!ua Foods, Inc.. Springfield, Oreg<in

When adult butchers co!io!al�1»il Ieturn to seasvatcror freshwa er tacili ics,  bc! must
often remain in raceways for extended periods of tinic bc 'orc ripening 'I'his oi' cii i»suit! in
significant  nor ,<lit! before <>vulaiion. 'fo circ»mseni  his problem, as v cll as to sin>ply ob ain
eggs when needed. wc invcstiga cd nicans of inducing precocious final niatura i<>n

Adul  female coho salmon h»ld in fresh v at»r werc given in raperit<incal in!co ioiis of ciihcr
thc mamnialian!u einixing horm<ine-releasing hormone analog  LH-RH<ii <les-OI! " i I!-Ala" I
LH-RH-ethvlarnidc a  various dosages or inj»» i<ms <>f!a!inc. Thc mea» nuiiihel ol davs 'to ovu-
lation in all gr<iup! of tish receiving only LH-RHa was sigmhcantl!  p.- .01! lov t»  han that iii
saline injected controls. Within 10 days of thc ini ial injccti<>n. niore th,m h.i! I <>I th» f sh in
groups rccciving single in!ection! oi LH-RHa at various dosages had ovulated conip.>red tii I I'/<
of  he controls. Wi hin two weeks of th» initial injection, HS<z< oi'the  i!h in giou!i! r»ceiving two
in!ection! o 'LH-RHa at various do!ages had <ivula ed while less than SO percent oi  hc controls
h <d os ul >ted. 'I'hi! demonstrates that  rca me it of' tcnialc coho salmon w i h LH-R I   i cal'i cau! c
!igni licant accclcration of firial maturation leading to precociou~ os u la iori,

In <>rder  o better understand the hiologyof salmon. our lab has al! o hcc»»u> v»l red i» th»
developmcn  of endocrine profile! for adult fi!h Wc arc invcsiig;i ing th» dynaniic! of variou~
sex steroids in thc p!a!nia»f salmon throughout thc spawning run. Vrcl>m>nary r»s<i' ! Iri>iii e<>h<>
salmon and chum salmon  O. kei<i!! indicate trends in the plasiiia  i ers of prog»!ter<me, cs ra-
diul. all<I 17<<-hydroxy-201!-dlhydroprogcstcrone << hich may elucidate  h» ncccii<»y criicria ior
 hc ac ions ot maturation inducing agent!.

10:45 Changes in Plas na Rstradiol-17-P and 17-c<, 20-j1 [!ihydroxy-4-Pregnen-3-One
during Spontaneous and Induced Ovulation in  .'oho Salmon
6, Van Dcr Kraah. University ol Br> >sh Columh>a and I... M. 1!onaldson, l!cpar nicnt ot' I'ish-
crics anil  !cean!, West Vancouver, British Columbia,  .'anada

C»rr»n  evidence suggests that in salmonids. vitcllogcncsis and oocy c mutur,i i<iii tire inedi-
atcd by estradiol-17$ and �»<. 20/ d hydroxy-a-prcgncn-3-<ine �7<<. 20/V! resp«tivclv. Fcw
! udies tiavc ex;iniined the sw itch fro» c! radio!-�'  o �a. 20pp pr<idueiion <hirii>g the pre»
vulatory peri<>d. In the present study, c! rad>o!-�$ and 17<x. Oj! V ~erc inca!»red i» p!asina
!ample! t,ikei> dur>ng spontaneous or gonadotropin induced rcproduc >s c i>ctiviis  i > dc eriiiinc
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! I:00 Induction of Ovulation in Atlantic Salmon with Pelleted LHRH Analog
I . W. Crim. Memorial Univcrsi y o!'Is ewf<iundland, S . John's Canada: and B. D. Glebe. North
American Salmon Research Ccn er. St. Andrews. Ncw Brunswick. Canada

Spawning in At!an ic salnion begins in [he late fall and it  nay require severa! w««ks  or
completion in a	 individuals of some stocks I»du»ing spawnine v;ith LHRH or LHRH ana!ogs
 LHRH-A! niay beciinie the method of'choice since  hcsc simple peptide hormones ari »onirner.
«iully available at competitive prices relative to prcparatuins of lish gonadotropic h<iririone. 'I'hc
objectives of our ! 982 studies included an examination of the vatue and practi» <lit> ol using
pell»ted, long-acting LHRH-A for advancing and syn»hron<zing ~pawning of the fema!c Atlantic
salmon. Two scparatc»xperirnents werc conducted with sea cage-rcarcd su! non bcg<nmng on
Sep ember 14 an<I O»tober 4. respectively. Females <sere treated with in ruperit<»ical iniplants of
pel!etcd LHRH-A or control lish r«»eivcd the sham surgical procedures alone. 'I'he lish wcr»
frequently»heckcd for signs of ovarian maturity and v,cekly blood sump!»s were c«ll»»ted until
thc tinte of spawning. On the day ol'spav,ning, !e»<ales werc stripped and the eggs w»rc I'er i!-
iz<.d v ith milt ob aincd from tv,o males. I'he eggs v crc incubated in <ndis idual bat»hes and
fertility and viabili y to thc eyed stage v cre rc«ordcd. In September ovar> dcvc!opmcn  was
variable ranging front 5.9 � 19.7'r< GSI in a small group of initial controls. Plasma goii.uhi ropic
hormone  GtH! levels were elevated in fcma!cs ticat»d wi h pelleted LHRH-A hut sp,<w ning was
advanced  October 6! in only 3 �09< of group! lish In experiment 2 beginning Oc oh< r 4.
LHRH-A tieatmen  increased plasma GtH and also accelera cd and s>nchronired rip.»ing ol the
treated fcmalcs 194<7< of group! v;<thin I I days. C<impared with sham control females I HRH-A
advanced ma ura ion of females approxiina ely 3 v,ccks. Whcr»as cgv quality v.as cxtieniely
poor in the September trial. cgg !crt i!i y and viahilit> werc acceptable for  he LHRH-A stiniu-
lated !ish in October. Wc»»nc!ude that pelleted LHRH-A can be suc»essiully used  o,<ds ance
maturation and ovulation in A lan ic su!roon, espc»ially during the la er phases of <i»,irian de-
velopment. LHRH-A  rea nien  ala<i appears capable of synchronizing ovula ion in fn»ale A !an-
tic siil <1Eon.

I I . 15-1;00 Lunch break

MONDAY AFTERNOON
! ! October ! 983
I:00 to 5:30

1:00 Quantitative  'enetic Aspects of Reproduction in Sahnonids: A Rev!ew
Graham A L. Gall. University of Cahforma, Das is

UBNI I'ICS

Chairmen
Graham A.L. Gall
Dni<ersity of California
Davis. Calif'omi;i

The reproductive phase ot thc salmonid life cycle has received lit le at ten ion  min quantita-
tive geneticists even  hough artificial inanipulation of thc process could potentiall> h;«» tar
reaching effects on performance during all phases ol the I le»yc!c. M<ist in crest and research
«mphasis h«s been placed <in spawning cf iciency and thc production ot'nu<r<hcrs o  cg>g>s for
specilic purposes. Thcrc has bc»n»onsiderah!c spccula ion concerning  hc cffccts ol' o hcr as-
pcc s <1 'broodstock inanageinent and tish husbandry: however, little dclinitiv» <I;it,i;ire availabl»

It has long bccn a«cepted that egg size has an et!act on hatchability and earl>  r> survival
and growth. Sir»i!arly,  here is amp!c evidence of a phenotypic relationship b»twe»n body size of

Trygvc Gjcdrcin
Agricul ural lJnivcrsity of Norwa>'
As-NLH, Norv ay

th»  iiiiing of steroid changes in relation to oocyte ina uration arid ovulati<in. Spun ane<ius rcpro-
duc ivc activity v,as characterired b>  i rapid decline m plasma estradio!-�� comme<i»mg 12
days prior to ovulation and a large increase in plasma �<x, 20$P six days prmr  o ov<da ion. This
prcovulatory incr»ase in �<x, 20$P»oin»ides with the time of germinal vesicle breakdown. Fish
injc» «d with des-Gly «DAla"LH-RH-ethylamide alone or in combiniition with SG-G I X! sh<iwed
a biphasic increase in plasma I 7»<. 20$P !c<»ls While plasma �<x, ZO�P levels wcr««lcvatcd
within thrcc hours o  injection, the surge associated with oocyte maturation was dcla> <:d tour to
eight days. In contrast, cstr <dio!-17/ levels whil«unchanged for 24 hours, declined  <! basal
Icvc!s within 6 das s, These results suggest that salmon have 20$ hydroxystcroid d»hv<lrogcnase
ut least one month prior  o  he expected time of ovulation. It is not known if  hc c<i»c»iitration ot
this enzyinc is low, n»ccssitating the synthesis of a<kli iona! enzyme or altcmativcly.  hc removal
of a» inhibitory factor to produce the high levels of 17<<. 2 !t3P assoc a cd <vith oo»yt< uia ura-
 ion. Analysis of plasma cstradi<11-�$ and 17u. 20$P during induced os ula ion indi< ates that
thc dc»linc <>  cs radio!-! 7� consistently precedes the surge in �c<, 20t3P suggcstirig that «stra-
diol-! 7' may function as an inhibitor ol 17o, 20tip sy»thesis.
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females and cgg size and number. with larger  ish gcncrany producing grca cr nunib«r.«if larger
eggs  han smaller  ish Th«s» phcnotypi«relationships are diflicult to interpret sin»e thc genetic
c ' 'c»ts inv<ilvcd;ire confounded with a nut»her of environmental  actors such as a >I; <if Iiriilalc.
season of spawning, time of spawning w ithin a season and annual flu»tuiition in clini;i ic and
o h«r teinporal variables.

The e  'ect of growth ra e and body size on rat«and ag«ot' sex u il nisi »la li	1 ls «IIH»ntly
rcc«iving at en i<in How spe»if<» br<xidsto»k rn;may»ment practices. such as selcctiiili f«i' linc 0 
spawning and «ge a  spawning. affect os craR pert'ormancc ot' the sto«k in subscqiicn  gcneruti<ins
has n«t been studied. In «ddi ion, li tie is known uh<iut within-year or wi hin-seas<in «ffec s that
riiay stiniulate environmental »orrela i<ms which ma> be mistaken for genetic rcl<iii<inships or
which have the effect of masking impor ;mt gene i» i'ftcc«

I:20 The lnRuence of Geneti» and Environmental Factors on Maturity ln Farmed Atlan-
tic Salmon
R. A derson, ivlar<nc Harv«st Ltd., Lo«hail«rt, Inverness-shire, United Kingdom

'I'hc physiological changes associa »d with maturation in salmon can place a sc<»rc cons-
train  on the farmer's options for selling his tish. If they are.not to bc used I'or br««<I»i i, the
turmcr mus  scil  hem before there is any dctcriora i<in in appearance and Rcsh quaII >. Prob cms
can occur: if too many fish ma ure and cause a glut, or if thc tish arc  oo small t'or th« i <ark»  s
rcquircmcnts. Th»sc problems can be pa< ticularly acu c with  i ah maturing us gri ls» iinl> I 2-14
months following transfer to s«a.

In choosing and developing his s ock the  armer theref«rc needs tii understan<1 «wha  ex-
tent genetic and environincntal factors»ontrol the proportion of his fish which w ill m<iturc «ach
year. Only then can hc predict, and «ventually control.  he pattern of harvest hc will <iced  «
f<il low� .

Marine Harvest Ltd., who have been farming Atlantic ~a mon in S»<it and sin»< thc la e
 960's, began ii det~iled programme in 1977 to compare thc performance <>f various <tocks of
both farmed and wild origin. Each stock. taken as eggs. is reared in rcpli»at«d  anks up t« thc
smolt stag» when fish are ciild branded, mixed, and transferred to seawater cages. Up to 13
stocks are tested each year and aspects of pcrformancc, including the incidencc of maturity m the
 irst and second years at sca, are no cd.

'I'his prograinrne has given a considerable bod> of information on thc pat crns of inatuiity
shown by fish of different origins under  'armed c«nditions. The results to bc prcserite<l w ill show
the rciativ» importance of genetic and environmental factors in determining thc pattern of matu-
rity within thc range ol' si es occupied by Manne Harvest on the west »<inst <>  Sc«tlan<l.

 .35 Genotypic and Environmenta} Fffec s un the Incidence of Sexual Preeocitv in Coho
Salmon
R. N.  wanioto, H. A. Alexander. and %. K. Hershbcrgcr, Univcrsi y o  Washing <i<» Seattle

'I'he relative effects of genotype and initial freshwater rearing on thc incid«n»« iit s«xual
precocity in coho salinon males were examined I ggs from normal ma cs were fertilized with
n»lt  r«rn biith n«rnial and prc«ociously maturing males  jacks! in a parti,dly nest«<  t,ictoria 
mating design. Progeny from each of  hc resulting full- and half-sih far<» lies were suhscqucn Iy
rcarcd under two rc«ring temperature treatments  ambient and I 5' CI during part ot  hc hat»herv
phase of thc life cycle.

Mean growth ol' progeny from the jack and normal-sired groups was cquivalcni during the
majority of the initial  'rcshwatcr rearing period, although a slight but significant inc<ease in size
ot jack-aired progeny v as dctcctcd «t the end of the accelerated hatchery rearing p»ri<id. Of the
4<78 I survivors a   hc termination of the ex perimen , �5 indis iduals or 3 7s per»«ii  iif the popu-
lation had precociously matured. These jacks v ere distributed disproportionately arn<ing Jack-
s<red and norntal-sircd Iamilies with jack-sircd families contributing a si ni i»anti> higher 4.6
times as many jacks. Despite significant tcnipcraturc»ffccts in terms of initial frcshsvatcr
growth, th» subs»quent incidence of jacks did not appear to be temperature related 'Iqicsc <exults
and thc gcnctic analysis of the relative importanc» o  gen<itypc  category «f male parents and
individual paternal and maternal effects! on the incidence of sexual precocity will b« lircsented

I:50 Heritability and Early Expression of Ovarian Recruitment Processes in I!ifferen 
Forms of Atlantic Salmon  Salma salar!
A. M. Sutterhn «nd D. A. Ma»Lean. Memorial Univcrsi y ot' Ncwf«undland. S<.. <i u<'i.   a»ada

The two pure lines and the recipriical hyhrids bctwccn an early maturing. dv, ar  torm o '
landlock»d Atlantic vain<on and a later maturing anadromous  'orm werc reared in «alilivily for a
minimum period of 2 years. Ninety pcr«cnt <i   en<ale parr of the dwarf landlocked salmon ma-
ture<  ut age 2-plus years  frirk Icngth l5 cm!, while no fcma cs of thc amu riiriious I'iirm arc
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«xpected io mature at this time. Thc size ot the i! vary <liffercd in the two pure tort»s;<i age t!
plus. and thc numbers, size and s ages of pre vite llogcnic oocy «s ats<> differed at a 'c I -plus.
Ovarian pu terns in thc tv. o hvhrid forms n>orc «los»ly rcsenibled that ot  h» ma ernal puren . Ill«
implications of a gene i»ally «<>ntrollcd predestinate influencing rates ol s<.'xual n>atui;ition,
smoltih«ati<>n and subsequent fecundify are discussed

3>:0~ A Conceptuai Fitness Model for Managing Paci6c Saiinon Fisheries:
f. I>escription of the Modei
A.R.D. Kapus«inski and J f'.. Lannan. Or«gun S atc Ll»isersity. Ncwpor 

As intiorma>ion relating  o the populu ion gene i«s ot Pacific salmon b»conies n><>re.ind
morc comprehensive, i » in«r»as>ngly apparent that a «on««ptual I'ramewi>rk must b«dcvclopcd
v,hich p«rn»ts  he translation of this mformation into mimagenicnt prin<iples. I'h«r»lx>rt d»-
scribes a conccp ual model for inanuging Pacif>c salmon iishcrics to inuin  iin a ion > i»rn> rcpro-
du« ivc» ness in hr«eding popula ions. Th» model ta«ilitatcs est>mating thc rcquir«ni< n  ti>r cs-
capcn>ent to maintain reproductive htne«at a prcd»termincd level, or d»>«n»ini»g il .i g>vcn
cscapcmcnt rcsul s in a change of population fitness.

'I he model n>ay hc adjusted to ac«on>odate the different life histories and rcp><>du«t>vc stri< .
egies of the sever;il sp»ries of Pacific salmon. and it considers both the mean i<nd variance of'
fitness. Appli«ation of the model is demonstrated in the poster session.

~:20 Coffee Break

'>:50 Genetic Variation in Age at Maturity and Its Relationships tn Growth Rate
'I'rygsc C>fedrcn>. Agricultural Univcrsiis ot' Norv,ay, As-NI H. Norway

Agc at sexual maturity is of targe ccs>n<>m>« impor an«c in sea ranching and in fish farming.
In salinonids thcrc is «unsidcrable variation betwccn species as well as b« s< een strains v, ithin
spc«i»s. I hcreforc problems can partly h» ov»r«i>me hy «hoosing stocks suitable I'or,i parti«ular
production!>ys cn>.

It is ren>arkiible that the number of yeats in fresh water, from one to seven depending i>n
water tempera urc or latitude, seems  o have vers little >nffucncc on the tii»e in s»;i b»t'<>rc matu-
ration takes place in Atlantic salmon. Ma ura >on of'parr is a heritable trait and i  s»c»>s to b«
indepcndcn ly inherited fron> agc at maturity. Cienctic variation in agc a  maturity is quite large
wi h a heri i>bil> > of around  !.3. This means that it is po»ibte to change th>s  rait by scl»«tion.

I'here seems to bc negative phcnotyp>«as well as genetic corrcfatioi> bctw»cn ag«ut ri>atu-
rity and body sscigh . This indicates that when selecting for in«reused growth rate t h» agc at
maturity may b- reduced. In fish farming. when produ«ing a large fish, this is not w;inted. t. ol>1-
bined sclcc ion for both ira>ts simultaneously should therefore bc prat  »«d.

3: IO Production, Survival, and Growth of Triph>id Trout
G. H. Thorgaard. Wi>shing on State U>mversi y. Pullman

There has bccn considerable intcrcsi recently in induced iriploidy in trout hc«,iuse sterile
 riploids n>ight shoss bet er growth and survival at inaiurity than norn>al fish, and be< auss ol' he
potential for control ofreproduction Tripl<>idy can hc induced by hca shock in sever>it trout
species. Hca  sho«k techniques can be readily adap cd to large scale pr<xiucti<>n. Triploids ss ithin
a spe«ies show ~lightly lower survival  han diploids. while triploid hybrids.shov I ctf«i' surs >val
 han diploid hybrids 'I'riploid rainbow  rout show «vidcnce of b«ttcr gr<iwth than non»at f>sh
after sexual maturity.

3.3>C Chrotnosome Set Manipulation in Three Species of Sahnonids Using Hydrostatic
Pressure
S. K, Allen, Jr.. and J. M. M>«rs, L>niversity of >A',>sf>ington. Seattle

'I'he usc of hydrostati«pr»ssure to affect early developmental c<en s has hee» cx;»»incd in
various taxa. but I'cv; investigations have deal  w> h  hc poteiitial pra«tical utllns ot' h>s n>ethod.
Intensity and duration of hydrostatic pressure ireatmcnts werc varied to estimate the op i>nal
purana» crs for production i>f tripl»id and gs nugcnctic salinonids. These paramc ers w crc then
appli»<l io + fantifies in 3 <Jifterent spc«ics: «h>no<ik <0»< c>rJ>v»<h<c<  <I>r»> >is< h<»;>n<f coho
salmon  O. fix>< < f>I and rainbov, trout >.'><>b»<> e<»'r<f»< ri ! Prcssur»s of 10.000 psi for ft- IO min-
utes y>eldc<t the hest comproi»isc between «onvei sion and mortality Conversion ra e across farn-
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ilies ss as >»or««imsisten  than para! Iel heat treatment~ and generally exceeded <J !"/< in all groups.
Mortality v, as more variable >n prcssure trca incnts than heat trca ments. At pr«scni. pr«ssurc
treatments offer an alter»at>vc to heat for cxpcrinscnti>I «hromosome sei n>anipul.itii>n. cspc<iaiily
where «onsistency among rcplicatcs is dcsircd. Prospects for thc application of prcssure  o prii-
duct>on schemes arc discussed.

3>40 Production oi'Triploid Landlocked Atlantic Salmon f<>almo.caiar L.! and the ltppi-
cations oi'Their Haemotology to Oxygen Utilization
T. J. Beniev un<I A. M. Su ter >n, Memiirial Universit! oi Newfoundland. 8 . John' s, Canada

Triploidy was induced in landlocked A lan ic stilt!»in v,ith IIX! /< succe~s anil  I � 90".i sur-
s ival  relative to con rois! using ei her heat shocks or hydrostatic prcssure. 'I riploi<1! vs i>s rapidly
;ind ii««urateiy assayed at ei her  hc alevin or parr s agc using a channelized Couiter Counter u>
measure the voiunie of a iiiinimum of t50, XX! crythrocytcs per fish from a I p,l s;implc o ' whole
blood. 'I'riploids had a larger r>iea» erythro«5 te vo ume > MCV! but lower crs thr<>< y><' ci!unt than
diploids. and haematocrit was the same for both diploids and triploids. I'hc hactnogl<ibin content
of the triploid blood was lower than that of thc diplo>ds, howcvci', o>ean <'orpuscui;ir hacn>ogli>-
bin MCH! was higher duc to thc larger MCV. Tripioids had a lover mean corpuscular hacnio-
globin concentration MCHC!. h<iwcvcr, this sv»s compli«a ed by the fa«  thai thi' >>>>i'leos of
tripl»id crythrocs es occupied a ereater percentage ot corpuscular v<ilunic than did the diploid
nucleus. MCHC was found to be the same I'or dipioids and  riplo>ds when rc«ale»la «d on a
«y oplasni>c rather then corpuscular Icvcl. I'he increase in MCV of tripl»id< was iiuc »>a>Illy t<>
an increase in cell length, thcrc was only a minor increase in cell v;>dth and no increase in cc! I
hcieht 'I riploids had a lower rate of oxygen ciinsurnption than dipl»i<is. hovcvcr. there v as no
difference in the oxygen tension at asphyxiation.

3:55 Artificial Polyploidization of Salrnouids hy Hydrostatic Pressure
Hiri>shi  !nozato, Hokkaid<i l!nisersi y, Hakodate, Japan

4: I ! POS I i.:R SESSION I
Endocrinology and
Fusirontneutal Factors

Salmonid Redd Dewa ering: What Do We Know' !
C D. Be«ker and D. A Neitzcl. Ba telic. Pacilic Northwest Laboratory, Richland. W ashington

Spawning areas used hy adult salmonids may he dewatercd by environmental nianipulation
during the cri ical period v hen cnibryonic dcvclopmcn al phi>scs arc intcrgravel. As,i res»I ,
eggs and yolk-<ac alevins may bc exposed to altered physical conditions imposed hy is i hdrawai

Is>«tot»> Room

Artificial p<>lypl<iidiza >on technique is i>»portant to produce parthcnogcneti«diploids and
polyploids. Thermal shock is most widely used to dupl>cate thc chromosome sct anil it is very
su««essi'ul in sonic spccies. In sal<nonids. however. i»any egas sub!ected t» the <ho«h rcniain
unaffected.

In the present s udy it is found that hydr»stat>«pressure has a marked effect on poly-
ploidization of salinonid eggs. Gynogenetic diploids. androgcnetic diploids. triploids and tctrii-
pioids werc successfully produced in rainbow trout. masu sal>non and «hum sal>n»n <is>ng hy-
drosta ic pre~sure.

Optimutn amount ot prcssure and the duration o> trcattncnt were tested i!n rainh<>w trou 
eggs inscminatcd v,ith geneticall! ina«tisated sperms iby UV irradiation. Eggs were tieated 5
min. after inse>»ination. �09< of eggs v, crc diploidizcd when eggs werc subicctcd >o hydrostatic
pressure  more than 650 kg/cn>z! for miire  han 6 min. Although all e>nbryos  reated were di-
ploid. 36,9 to 58.9.< of cinbryos werc abnormal in that their body shape was similar  o haploid
embryos Op irnuri> time after insemination at which eggs were subjected to press»r«shock �50
kg<em'-. for 6 min. ! v:as determined in churn salmon and masu salmon. Eggs wcr« inseminated
with gcncticalls >na«tivatcd spcrms and tnaintaincd at 10' C until treatment Niirniai ihpioid
cmbryos werc encountered when eggs were treated during 5 to 40 or 270 to 330 mm. atter
inscmini> ion. Th«ratios ol'nor>n>il embryos to dc<el<>ping <in«s werc S8 3 to 78 6'/<;>»d I6 7 to
40 09/< . respect! vely.

When rainbov, trout eggs insem>nated with no>anal spec»is sere suhjc«tcd to hiilrostutic
pre~sure� X! hg, cn>-'. for 7 min,! a  15 niin. after insemina ion, 100'/c. of enihryos v crc triploid.
The ratio ot no>nial embryos at eyed stage varied from 58.6 to 83.0</c. Tc raplo>ds v,crc induced
v hen eggs were treated �00 kgicm-'. for 7 min.! at 300 or 3i0 min. af>cr inscrninatirin. The ratio
of normal cmbo os to total eggs used was only 7.2'/ .

33 6 eggs ot inasu salmon were >rrad>ate<I w> h 5 to 10 x 10 rads ol ganimu rais and werc
insc>ninatcd with normal sper>t>s. Eggs v,ere maintained at 10' C and subjected  o hydrostatic
prcssure 1650 kg cm-', for 6 min.! at v iri<ius timcs  during 210 to 37 ! min.;ifter insci»ination!
The best results. 7.2'«of treated eggs were normal at eyed stage. v cre obtained v,hcn eggs werc
treated at 310 m>n. atter insemination. A total of 53 n<ir>nal androgenctic diploid s werc produced
and 46 of  hei»ha ched out, 'I hey were viable and grev, up nor>nally
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of water fr»i>> the gravc . Dessa cring may bc periodic and shor -term. as >n>posed by dailv po<xcr
pc«king operations ot a hydroclcctr>c genera ing facility, or sporadic and long- em>.;<i i»iposed
hy drawdov,ns for irriga ion or construction ac is itics.

We have conducted dc<<a cring cxpcrimen s v, ith chino<>k salmon and rainbow t»>ut eggs in
a tificial rcdds ai o»r i«hi>r« ory since  979. The data indicate that, relatively, cgg ph.iscs are
i<ilcran  ol dewatcrine while alevin phases «rc intoler«» . Coinparative quantitative d;< a arc
availahlc. A number of physical fac ors that infiuencc survival of intcrgr«vcl developiiie»t phases
dunng dewatcring werc cxainincd cxperinicntiilly. O her factors that niight inllucncc survival o 
development phases werc iden i ied fr<im the literature. Many o! thcsc fac ors. such ai suhsis ent
f!ow from bank s <>rage after dr <wdown, v ill vary with seasonal and si e-specific condi ions.
I«'nov ledge of re at>s c tolcrallcc <lf intergravcl phases to dewatering. and of thc eff'ec  i>f various
«biotic conditions «ssociatc<i with dcsvatering, can be used in developing and implcmcn i»g ri>iti-
gation measures.

ArtiAcit I Insemination in Salmonids
Rolland Bill«rd, Lahoratoirc de Physiologic dcs Poisso»s. [nstitut Nali<>n;il de la Recherche
Agron<>miquc, !ouy-cn-Jos«s. I'rance

It is strange that «f'tcr ali»ost a cen ury of salmonid culture, we conti»ue  <i usc oiic male tor
only scvera  females in artificial i»semi»a ion since v,c know tha  milt production is high  about
5.�'-' spermatozoa/kg body weight! a»d that 20  o 40!i of Ihe spcrinatozoa, or I-2 I<! i-', are
utilizablc during rcpr<>duction. Moreover, using an appropri« c diluen  c<>»f'or<<ting  o the re-
quire»tents ot ova and spermatozoa pcr n> s higher dilution of the spermatozoa «nd a sfigh  in-
crease in  hc dura i»n of i»otility. In these conditions, 30.000 to 300, XX! sperm« oto:< per ' ova
can be used. depending on sperm quality which deere«ses at  he end of thc reproduc ive season.
Thc inilt produc ion then of onc male can f'ertilize the ova of a very larg>c»umber <it fe»>ales.
reducing the nu»>her of males needed in aquacul urcs. providi»g that the brood stock is <veil
rnanagcd genetica! ly.

Advancernenf and Synchronization of Spawning in Balm<> gairdnert and S. trutta Following
Administration of Pirnozide and LHRH-A
Rolland Bi!lard, P. Reinaud, M. G. Plouidy, B. Breton, Laboratoirc dc Physi<ili>gie i!es Pois-
sons, Ins itute National de Ia Recherche Agronomiquc. Jo»y-en-Josas. France

The spawning of rainbow trout wiis ad< «need by roorc than I inonth in 60'7< ot' fcmalcs after
pimozidc injec ion �0 mg/kg body weight! fonov;ed by LHRH-A injection   I fzg.'kg> i> h. later.
Adv«ncemen  was clearly less marked when wc injected ei her I HR H-A or pirnozidc alone and
when the controls werc given <mly saline solu ion. Ovum fertility was comparable in .<ll groups

With  he air<i of avoiding two succcssivc injections, wc tried administering pin>»< ide t �
rng/kg in an injection! and LHRH-A  ioipla»t con a>ning >0 ands p.g/kg body weigh ! sim»f-
taneuusly <n brov n trout during full spawning. The layings of females given pi»iozidc plus
I.HRH-A werc grouped over «4-day period;ind  hose of feinales given only pimozidc or a blank
imp!an  over ff days.

Measurernenf of a Se><-speci6c Protein in the Skin Mucus nf Premature Coho Saltnon  On-
corhynchus kisutcft!
M.R. Gordon, T. Os<en*, and L. Hildcbrand, B,C' Research, Vane<i»ver. 8. '
' Helix Biotech L d,, Richmond, B.C . Canada

The work reported herc is the initial experiment we undertook to con irin our v. orking hy-
pothesis th«t a crimple. rapid. non-intcrvcn isc technique for vexing premature salinonids was
possible without blood analysis. Thc  inal oh!ective is to develop a "litinus paper"  ypc of
oie hod which is harmless arid unstrcssful and. r»ost impor antlv. will determmc the se>< of fish
several months bef'orc spawning.

Analysis of' skin >»»cud specimens from fish sampled up to eight months prior ii> spawning
revealed the presence of vitcllogenin, a  'emalc-specific protein. I'he occurrence of this protein in
 he skin mucus of female  ish was coincide»t with the initial development of  he feriial< gonads.
These preliminary  indings indicated  hat the concentration of vite!logcni» in the mucus was
great > increase<! andreadily discernible vhen feri>ale gonad weigh was ..-1<z and '-t><< <if hody
weight, some 4 � 6 months prior to spawning. At this time no <is>ble exter»al signs of »iaturatio»
was cvidcn  in male or female c<>ho fr<i<»  his s ock.

A practical method for scx determination thai cari he used by tish tarn>ers, ranvhc> s and
hatchery biologists is currently under development.
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Artificial Hatching Substrate: Effect un Yolk Sac Absorption and f'rowth Rate During
Startfeeding ol' Atlantic Salmon  Salmo salar!
Tom Han en and Dag lvlollcr, Insti u c of Marine Research. Direktor«tc  if Fi she ric . IVlatrcdal,
Norway

The Norwegian liih  'arming mdustry experiences serious mort«lit> problcini bi>th in the
hatcheries and during thc i art feeding period. Both na ur«land art i lie ia! iub trat»s have been
reported  o incrcaic lry iize and to lower mort«lit> rate. The effect of  hcsc suhitra »  h«i ho  -
ever not been studied in de ail. The purpose ot this cxpcriment wai to invci igate  o what cxtcn 
an artificial substrate offer   the grow h rate, sur  ival rate «nd yolk convcriion cf!ic i»ncy ol' the
fry.

In this expcriiiicnt groups ot pooled A lan i» salmon  .5o/mo xo/ar! eggs werc h;i chcd in «
C«I lorn a hatching system with and without an Astro-turf artilicial suhs r« e At -11  Iayi after
hatching each aroup was tranifcrred  o iep«rate feeding units and was fcd dry feed p.llc s for «
peri xl of 4 > day . Alcvini reared in Astro-turf absorbed their yolk iac 1«  er and m ire»fticiently
than alcvins reared on a lla  screen. '1 hc alcvins reared in Astro- ur! ihowed no con  rictions in
their yolk sacs. a lc«ture v hi»h was notable in thc yoll sacs of the alcvins rcarcd  >n;i 11«t  creen.
The fry hatched w i hout Astro-turf grcu fas cr  han the fry ha ched wi h Aitio-turf �uring the
f rs  start ceding period. However,  hc growth rate during the f!rst startfccding peri >d is highly
influ»need hy the anioun  of 5olk left in the yolk sac. In this experiment thc carly growth  if th»
fry hatched with Astro-turf probably could have been ir»proved by introducing food earlier.
Fror»  tart tecding day !8 and to the end of the s artfccding period  he fry hatched v, ith Ai ro-turf
grew better than fry hatched wi hou  Ai ro-turt'. Thc mortality of alevin  «nd fry hatched v ith
As ro- urf wa  lower both in the hatchery and during itartfceding.

IVlanipulatlng Photoperiods in Hatchery Reared Rainbow Broodfish to Cnntrol Spawning
Activities
Larry Harris and Toni Mandis, Colorado Division of Wi d!ife, Furl Calli»i. Coliiia�»

Abi ra»i » it available at press time.

Biochetnlcal Changes Occurring in Female Salmon  Salmo salar! During Yitellogenesis
Carl Haux. Univeriity of Joteborg, Gotcborg, Sv,eden; and Ulf-Pc cr Wichard . S iliiuin Rc-
iearch Inititu e. Alvkarlehy. Swcdcn

During a period of thc reproductive cycle in fernale lish. a specific lipopho ph iprotcin,
vitcllogcnin  VG!, ii synthesized in the liver. transported in thc bhaid t i the ovariei,ind incorpo-
rated in  he oocytcs. Estradio!-17i5 appcari to be the main it»roid involved in the induction of
VG iyn hciis Thii ii suppohed by hndings in adult female Atlantic salr»on. where «c irrcla i in
between piasnia VG and cs radiol-17$ h«i been rcpor cd  Idler e  «I,. Can. J. Fiih Aqua . Sci.
1<!81. 38, 4 
-413!. Since VG ii a large niulticomponent protein, iti appc«r in»» in the bio xI
alteri the biochemical plasma composition drain« i»ally.

Thc objcc  of  hc prcicni   udy wai to Rillow change  in some plasma paramctcri  h«t «r»
related to i itellogenesi  by repeated blood sampling on female salmon und»rg iing  »vu«1 rn« u-
ration an l spa  ning. Incrcascd knowledge ot  he e processes could have applica iona in brood
liih handling, v, here environmental factors, iuch «s tcrnpcratur», h;mdli»a i re i. iii cc ious.
prophylac ic trcatmcn s c c..  nay inllue»ce vitellogcnciii and subsequent!y  hc production of
egg  «nd fry.

In the prcscn  itudy, I'em«les werc trapped n»ar Alvkarlcbv on their spa  ning ii»gration in
thc river Dal«I cn during J»15. Totally eight tern«les v;ere tagged and repeatedly ia»ip!ed
roughly cvcry second week, starting in August an l cndi»g in Dc»ember « II fern«lci   crc
s ripped ot egg  wi hin one week'in earl> November.

The amount of plasma VG, incasurcd as phosphate bound t i protein  Pp!. v «i  ibout ',4
mM in August, increased  o 5.7 mM in Septeniber. and decreased succcssivcly  o -' -  mM «t the
iii»e ot ip«wning. Thc level of PP dccrcascd  hcn further to 1.3 mM in December. w hich i  close
to the amount of PP prcscn  iii adult male  air»on  approximately I mM!. Elevated!cvcli of thc
total plaima prot»i» content  PR!, which reached a maximum of 6.8 g! 10! ml in I,i e August and
decreased  o 4.5 g !%! ml at ipawning, prciur»ably retlected the presence ot VG in  hc plasma.
'I'hii asiumptuin i  further supported by a correlation be ween plasma PP an l PR ir - 0.54!.
Siniilarly, total pla ina calcium  CA i, and  o a Ie«.er extcn , total pl«i »a magne  urn  MG!
followed the iricreaic and dc»re«ie in plasma VG closely: CA pcakcd at 4.7 mM in Scpie»iber
and MCi at 1.3 n!M in late Augus , were rcduccd  o 3.2 and 0.  J niM respectively durmg spawn-
ing, an l rca»hed nornial values of 2.4 and  !.8 inM in December. Th» incrcaie i»  ot i! p!ai»ia
CA ai weII as  hc close correlation bc ween pl« ma PP «nd CA  r � 0. 82!. indica c that salmon
VG hindi  'A in a iiinilar way to that obscrvcd in other speci»i. I'ossibly,;ili i M i could bind to
VG  r= 0.44!, During  hc m ist intcnic peri xI  if yi ellogenesii, thc «moon  of p/asma phospho-
lipids  PL! %»le Bi irk .'dly elev«tcd  by 30 to 50'7 !. This increase could pr ibab!y b» i tributed to
VG, which usua! Iy con aini h i h  riglyccridc  and PL.
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Effects of Sediment on the Reproduction ol' Salmonids
K V. Koski, Aukc Bay Laboratory, Nati<>naf !Vlarine Fisheries Scrvic«, Aukc Bay. Alaska

Salmon and trou  have evolved similar strategies for rcproduc i«n. Thc ««nstruc ion of
rcdds in gravel iuhstratcs is a means of protcc ing their eggs from predation and ravages of the
environmen . Fry rccrui  ncn  is dependent on the intra-gravel environment of the rcdd. and natu-
ral or man-induced events can cause significant al cration reiul ing in high inortafiti. A natural
component «f the rcdd is sedimcn   i.e, c«arse sandL however, in high quantitici ii < an.iignili-
cantly reduce the nuinher of emerging fry. Scdimcnta ion «f s reams can occur as a result ot'
in<fox rial develop nent, logging, road-building, etc. and is one of the mafor fa« «ri a fee ing
ipawning habitat. Sediment causes niortality by physicany blocking the emergence o ' fri from
 he gravel or by reducing thc amount of dissolved oxygen in the intcrgravcf water hy prcven ing
in erchangc with surface water. Sediment content of thc spawning gravel ie s the upper limit on
survival. aml other factors such as dissolv«d oxygen, freezing. scouring. c c. impoic .<ddi ional
inortality. Thc stage of'development. condi ion, and timing of emerging I'ry are altered by in-
crcasei in sedimcn  in the rcdd. Egg size niay form the baiii of preferred ipawn>ng bahifa  by  he
different species of' salmonids.

Alteration of ipawning habitat is likely to con inue and improved me hodi of ev<>fua ing
impac s are cssen ial. Enhan«emcn  of spawning habi a  must address subi rate coi»p«iition.
Research during  he lait 20 years in Alaska, Oregon and Washing on hai resulted in «quationi
expressing the relationship between scdimen  and survival to emcrgcncc <!f saln!<!nidi. New
methods of gravel analysis have been developed Ncv cxprcisions of gravel coinposi ion and
surv>vaf are developed. enabling onc to predict survival to emergence and  o dctcrmir!«qual> y of
spawning habitat.

On Modihcalions of Gonadotropic Cell Uftrastructure in the Intact Mature Dwarf Male
Oncorhynchus formosanus and JuveniIe O. m<zsou after Injection of Salmon Gonadotroplns
A. A, Maxim«sich, V. V. plfusnin. and V. N. Pofjakov, Laboratory of I unctional Morpho «g>
of C.'elfi. Initi u e of Marine B>ology, Vlad>vostok. U. S.S.R.

The ultrastructurc of gonadotropic cells  GTG-cells! of adcnohypophyiii in thc <I v arf inalc
salmon O»corh! >u hux for»>uranus during gonadal maturation and in  he juvenile max<> salmon
 Oiu <>rhy>u.> >us mux<!u! in 6, I", und 24 hours after a single injection of salmon g«na<f<!lropin
 GTG! wai studied.

I'wo fracti<>ns of GTG isolated from the hypophysei of  nature males   fraction 1st,! and
females  fraction Fi! of' the pink salmon On< orhi n<l>usgorbus< hu and purified by column gcl-
filtration with Se adcx G-1 X! have bccn used in this study.

In all the hsh individuals granular, vesicular and globular GTG-cells were detec «d. It was
cs ablished  ha   he percentage of these GTG-cells in he adenohypophysis dis inctfy changed
during sexuaf maturation and after infecting thc fractions Fi and Ma «i irnnia urc is i»i<i>i. Ac-
cordingly,  he quei ion is discussed whether the dc ected  ypci of GTCi-cells arc dif'teicnt fun«-
 ionaf stages of gonado ropocy cs «r  hcy are responsible for production «f different g««ad«tro-
pic hormon«s,

The Relationship between Fertility of Rainbow Trout Eggs and Motility of Sper>natozoa as
Evaluated by Quasieiastic Light Scattering Techniques
R. D. Moccia and K. R. Munkittnck, Inter«a ional Aquaculture Developmcn s. I.'rin. Ontario;
T. Craig and I'. R. Halfc , Un>versity of C<uelph, Canada

In many vertebra cs, it ii common! y assun>ed that spcrrna ozoan mo il>ty ii a reaionable
indica or of fer ili y. Although there have been several >nves iga ions in o the rcfationihip he-
hvccn fertility and motility. few of  hese have utilized objective rnotili y ci ima i«n techniques,
and in general, results have been of low predic ivc value. It ii possible that such a r«1<iiionihip
may hc obscured bv  he limi u ioni «I' iuhjectivc  no ility cstirnation. Hii>oncalfy, iuh!ectis c
mo ifity cs ima i«n ii variable. no  highly repeatable, and inaccurate when the sample contains
either large numbers of dead sperni or spcim which are swim ning abnormally�.

Quasi-dai ic ligh  scattering  QELS! techniques offer repeatabfe, objective, qu.m i a ii «
ei aluali<!ns of large number~ of sperm simultaneously. This study proposed t««valua c  he rela-
tionship hetv:ccn fer ifi y and motility in rainbow trout �<>fmu gaird»eri> using QELS  cch-
niquci.

Game os w«rc coffee cd from brood stock at a commercial trout ha chery. S« rier! v as evalu-
ated f<ir iperrna «crit. density. iubjectivc m« ili y, objective  QELS! motility and abili y  o fcr il-
izc pooled. rcpli«a ed egg samples. A second  riaf lat« in the spawning .season also in< olvcd
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cryopre»eivation of semen and fertilization of pooled egg samples.
There was a s atis ically signihcant relationship between sperm den»i y and spcrinat<icrit,

although neither parameter c<iuld be related  o sub!ective motility. ohjcc ive motility or tcrtility.
Objective c»tiiiiatcs of motility v;crc rcpcatablc but nccdcd standardization «ith respect t<i den-
sity and dilution 'I here was day- o-day variability in fcrtili y and in the relationship hctv een
both»ubjcctivc and objec ive motilitv estimate». Estirnatcs ot fertility «crc «is<i <ari«hfc. Cryo.
preserved samples showing thc bcs  suhjcc ivc motility pre-freezing gasc ferfili y. «bile those
« ith poor pre-freezing niotility gave nunc.

integration of Salmor< Knhaneernent in Water Quality Planning: A Case Study
Thorn«» B. Murdoch, Snohomish County Public Works Dcpartrncn . Evcrctt, WA

Snohomish County, Washington. is a rapidly urbanizing area in western Wa»hiiigiim thai
con ain» o ver 4. XX! niiles ot' strcurns and 600 fakes. Most of these bodies of wa cr support sal-
monids: however. increased development « ithou  proper drainage ntan«gcmcnt i» destroying
spawning and re«trig habit« s at an alarming rate.

To turthcr public appreciation for v atcrshed rnanagcmcnt pr<igrams that «< crt .tormv a cr
damage to property and also protcc  natural resource», the Sn<ihoniish C ounty Public Works
IJepart<nen  has sponsored»trcarn enhancement projects for adoption b> coniniunity groups.
Such organizations as schools. »port»men's clubs, ad-huc committee» and civic org<iiiiz«tions
have reared salmon in egg bo»es, replanted»treambank», removed debris blocking stream chan-
nels, and identified urimappe<f small streams

Results are pr<ivided to officials making land use decisions. Of particular imfx>rtance is the
iden ihca ion ot formerly unknown s reams and  hc incorporation of these data in o I<ical zoning
maps, S reams "udiipted" hy a neighborhood group have an impnived chance foi survival.
When organiza ion» beconic actively involved in local water quality proiccts. drain. itic positive
results can hc:ichicvcd in short periods, v,ith salmon heing the primary beneficiary.

Ktfects of Estradiol-17-j3 on Gonadal Differentiation in Two Species of Salrnonids, the
Masu Salmon, Oncorhynchus rnasor<. and the Chum Salmon, O. ke «
Masaru Isfakaniura, Faculty of Medicine, Tcikyo Universi y. Tokyo. Japan

The effect of'estr<igen treatment on the induction of gonadal feminization «i<» investigated
in two species of salrnonids. rnasu and chum salmon Histological examination reveals that the
tv,o sexes can clearly bc dis inguished in masu salnion 13 days after hatching and in chum
salmon 25 days. Masu salmon fry werc imrncrscd in «ater con aining estradiol-I 7 f3  Fz! a  < on-
ccntrations ot 0 25. 0 5. I. 2, 5, 10, 20, 50, IIX! and 2 X! p.gi I for I!I day» starting fi'<im 5 days
after hatching. Se» differenbation was asse»scd hi»tologically at 30, 50, 90 and 360 days after
hatching. Histological examination of lish a  30 days revealed that in thc 0.5 to 5 Ixg I  re« ed
group~. nearly I X! z< fish werc fcinale with gonads which closely resembled those ot' fcmalc
controls; retarded ovaries were observed only in onc or two fish in ouch group. in addition,
inspection <if g<mads of 0.5 to 5 lxg< I groups at 360 days confirmed complete feminization. Most
h»h of these groups v crc gro«n to maturity. On thc other hand. masu saltn<in recc is irig higher
doses of E, �0  o 2 X! Ixg,'I ! rcsuftcd in high m<irtali y while lish «ith the lo«est c<inccntration
�.25 p,gil ! had intcrscxual gonad~.

Chum salmon fry a  variou» stages of' gonadal scx differentiation were iinniersed in water
con aining E. a  concentrations of  !.5, I and 2 pg< I for a period of 15 to 67 days. Uiilikc thc
situation in rnasu salmon, roinplete iemmization could not bc induced in chum salmon hy these
treatments. However, partial feminiza ion was obscrvcd in fish trcatcd at the lowest concentra-
tion� 5 hagi'I! during the period from 6 to 34<Jay» «  er hatching. The te»test  this roup
consisted of small oocytcs intcrspcrscd « ith undeveloped gertn cells v;ith stronia. I hose results
«ill bc discussed m relation to the cf1'ective dose and period ot'e»trogen rreatment for thc suc-
cessful feminization of'gonad» in two species of salmonids.

Temperature Effect on Egg Viability and Spawning Titne of Cutthroat 'l'rout
Robert G Pipe< U S Fish «I  Wildlife Service, Ho«en<an, Montana

Wcstslopc cutthroat trout egg viabili y and spawning  iine were compared in coklcr, flue u-
ating tcntpcraturc crcck water and cons an  50'F  crnpcraturc spring wa er.

Fggs from broodfish held in creek water werc easily expelled and n<irinal appeaiing. Eggs
from broodfish held in spring water. hov'ever, v,crc usually difficult to c»pcl, and broken and
<>p«quc eggs v:cre coinmon Egg vi«bility wa» greatly «ftected hy water tempera urc. ihcrc «a» «
77/< cyc-up in eggs trombroodlish held in creek water, while only a 25'i  cyc-upocc<irrcd in
eggs f r<ini hroodfish held in constant teinperature spring water.

Ouration of spa«ning varied: groups ot broodiish held in cr< ck wa cr sp i«nc<l <>ver a 20 to
26 day pcr«xl, v,bile 44 to 57 days clap»cd before all groups of hroodfish held in»pring. «a cr
had spawned.
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Development of Atherosclerotic Lesions ln Coronary Arteries of Atlantic Salmon During
Sexual Maturation
R L Saunder~, Department ni pish»ries and Oceans, St. Andrews. N»v I3runswick: A J. Far-
rell. Mount Allison Univcrsi y. Sackville. Ncw Brunsv ick: H. C, I'r»cmari. I>»part«i»n  of Fish-
eries and O»cans. Halifax, Nova Scotia, Canada

Atherosclerotic lesions have been observed in c<>r<niar! arteries of Atlantic sairnim imd
other salrniinids a  the time ot sexual maturation. It has been suggcs cd that  hcse l»s«~ns are in
assoc a  on with elevated Icv»ls ol sex hormones, The purpose of our study is to document de-
velopment of atherosclerotic l»sions in Atlantic siiin«in in relation to the natural matiiriition cycle
between Junc and October. Samples of niaturing and non-maturing individuals werc killed
monthly for determination ot blood levels ol ch<iiesterol and high density iipids as ss»II as the
hormones tcstos crone. I I-kcto-testosterone and estradiol: hcart-v»ntr»1 aort~ sampl»s v ere
taken for histological examination. Thc d»termination of scx hormone levels and his i<logical
examination of ciironary arteries is in progress. Additional samples will bc c«lie» cd <turing l983
io learn whether <ir not atherosclerosis is conhncd to ma uring individuals and, it s<i.  <i s udy th»
time course ot i s dcvcloprncnt and related patterns of sex hormone Ic vcls.

Photoperlod Control of Spawning Time in Rainbow Trout  Salmo gairdneri! Ltsing Con-
stant I.ong Daylengths
A. P. Scon. O. Skarphedinsson, S. M. Ba> ncs. and V, J. Bye, Ministry ol Agricuitu e, Fish-
crie~ and F<iod, I.ossestoft, United Kingdom

l.ong dayicngths of I t-20 hours have bc»n shown to stimulate precocious maturation in
male undcrycarling trout and to induce a six nionth reproductive cycle in adul s. I w« rials,
based upon thc latter observation. hase been carried out on a comnierciai tish farin in order  o
obtain out-of-scason produc ion oi gaoietes Both have been successful, in on» case v iciding
garo» cs m Juiv'August and in  he other ApriL May.

The system we have used is cheap and simple to run. requiring minimal cquiprncnt and
supervision. I.ightprool' facilities are not required. Ligh  bulbs suspended ah<>ve the broodstock
tanks and controlled by  irne clocks arc switched on from 0400 to 2200 hour~ ever< day, s artium
at or about thc  iinc of spawning,

One consequence ot the constant iong dayleng hs is thiit  he growth of the brnodstock is
reduced. Thc reasons for this will be di~cu~sed  with supporting expcrirn»n ai da iii. I'he mecha-
nisin of action of long daylengths on the reproductive cycle of the rainbow trout will also bc
discussed.

Sex keversaI in Atlantic Salmon: Problems with High Doses of Estradiol and DES
S. A. Sower. University of New Hampshire; W. W Dickhoff, T. Flagg. J. Mighcil. Univcrsi y
of Washington: and C Mabnkcn, National Marine Fishcrics Service. Sca  lc

A lan ic salnion were fed Oregon Moist pclkcts incorporated with different <kises of estra-
diol �0 or 2 mg kg dict! or dicthy lstilbestcrol  DES! I IO, I iir 0. I mg/kg diet! in an a tempt to
rcvcrsc  hc scx ot the salmon froin male to female during  he time of sexual dil er»n iation.
Atlantic salnion treated with a high dose ol cs radio  at 20 mg/kg had the highest mortality corn-
parcd to controls and o her trcatnient groups. Also. the salmon trca cd v ith  he high»s  dose of
 he estrogens contained the highest pcrccntagcs uf fc<nale fish.

It is not clear I'rom  his study, whether ditt'erential mortality occurred, causing inale m<ir-
 ality resulting in survival of the females. or whether scx rcsersal had occurred. These possibili-
ties will bc discussed. Wc will also present data iin the occurrence of prccocialscxu;il develop-
ment in 42'~< of the control males which werc only six month~ old Precocial sexual development
did no  occur in  hc cs rogcn- rcatcd male lish. The implications will bc presented

Purification Studies of Coho Salmon Pituitary Glycoproteln Hormones
P. Swanson. W. W. Dickholf, A. Gorhman, University of Washington. Seattle

Rcprodu» is c processes in salmon may be rcgulatcd by both thc thyroid and reproductive
endocrine systems. important componen s of these two systems arc the pituitary giycopro ein
hormones. go«ado ropic h<irmone IG H! and thyroid stiniulating hormon»  'I'SH! R»search de-
signed tii examine thc specific physic logicaI roles of GtH and TSH in salmon reproduction has
been limited by   I ! thc lack iif salmon GtH which has been demonstrated to be uncoiiianiinated
with TSH and � I the lack oi' pure salmon TSH. The goal of this invcstiga ion was tn isolate coho
salmon TSH and GtH.

I'wo source~ ot' pituitary glands werc used. Pituitaries were collected from sexually mature
coho ~a mon at  h» time of spawmng and frooi imoiaturc coho salmon held in scow a »r net pens
Chemical fract«mation procedures included extraction in acid alcohol and chromatography with
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Sephadex G- l00, Sulphopropyl Sephadcx C-50. «nd DEAF.- Sephaccl. During thc purilicauon
steps «ssays for gonado ropic and thyrotropic activities werc based on the ability <if test ina cria!s
to elevate plasina Icvds of thyroxinc  T,! and «stradiol �-fs after in!ecti<m into unde yearling
coho salmon  body wt. 15-30 g!. Fraction~ from both sources of glands contained thvrotriipic
and gonadotropic activities, A fraction from the pitui aries of seawater-main ained salmon had
greater TSH activity than an appnixirnat«ly equivalent fraction from the pituitaries of spav ncd
adu!t fish. Fxtrac s of salinon pituitaries werc  nore than twice as potent «s hovinc TSH ! Sigma
Chemical Co. ! in elevating plasma T<. A season«1 variation in responsiveness to test !ish TSH
and GtH fr«ctions was observed.

Factors Related to the Relatively Low Hatching Output in the Yroductfon of Sahnon and
Trout ln Norwegian Comrnerrial Hatcheries
Yngve Ulgenes and Gunnar Na.vdaf, lns i utc of Marine Research. Direhtoratc <if Fisheries. hla-
trcdal, Norway

Abs ract not available a  press time.

Effects uf f.o» pH on the Reproduction of Rainbow Trout  Safmo gairdneri!
G, S. Wcincr, C. B. Schrcck, and H. W. Li, Oregon Cooperative Fishery Research f 'nit. Ore-
gon State University. Corvallis

Surface water acidification, presumably duc to acidic prccipit« !on. has bccn ciirrelated s< i h
the decline of fish populations in rcgions of Europe and North America. Field s udics indicate
tha  failure in recrui men   if early year-classes is an important contributiir to the gr<ulual demise
of hsh populations in impac ed wa ers. Such rccruitrnent failure niay be duc. in pa<t.  o disrup.
tion of adui  rcpr<4uctivc physiology and morta!i y of early life histo~ s ages. Salrnomd bshe«
are generally very sensitive to cnvironincn «l acidification. We address the potential «ffccts of
acidification on the reproduction of salm<inids, using the rainbow trout  S<deo < <nr< «< ri! as a
model.

Male «nd feinalc adult ra<nfNi« trout were exposed to pH levels 4.5, 5.0, 5.5. and con rol
i<ver the final six weeks of reproductive maturation. Fcrtiliz« ion was then perfomied v'ithin each
treatment group f wi h rearing of ol'fspring at thc rcspec ive pH level! and bctwccn  rc;itinent fish
und controls  with rearing in control v ater!. Crosses between control lish were reared in groups
at each pH !cvcl. Of'fspring werc monitored for ru es <if surs ival to eyc-up. hatching. «nd absorp-
tion of the yulk-s«c.

Analysis of thc results of thc cross-breeding nt«trix yields a comparison of thc «ffccts of lou
pH on g«merogenesis with effects on developing embryos and larvae. Yf«sma samples collected
from «dul s prior to acid exposure, dunng the exposure. «nd at ~pawning are being analyrcd for
concentrations of reproductive hormones and elec roly es as indicators of effects on rcprodu«tive
physiology Indica ors of effects on cgg and sperm quali y are «lso heing cv«fuated.

MONDAY EVENING
6:30-8:00 Symposium reception
Bellefield,'Fairweather



Tuesday/Environmental Factors/ l 7

TUESDAY IVIORNING
I November 1983
If:15 to I I:30

8:30 Salmonid Reproduction and Environmental Factors
Rolland Hiilard, Institu  Na ional d» ia R»cher»h» Agronom>qu«. J<>uy-en Josas. France

EN> 'IRON<IENTAL FAC'IORS
ldi I wood> lv1 arvmoor

.4 number of cnvironniental factors affcc  the reproductive function in fish. The effects of
theie factors vary with the species and iti dcvclopmcntal stages. The nioit visible fa«ti>ri impli-
cated are photopcriod and temperature. Photi>period a» i on  hc»i ablishinent of puberty, garne-
 i>genesis and ovulation. Tcrnpera ure, heing an environnicntai signal. has similar cffcc i but
they are usuall! ihor - crmcd;  his signai cix>rdina ei variou~ s ages  game c releaie. Iertiliza-
tion, cmbryogene»s! with the niost favorable condi ions for the progression of each s agc. Tcm-
pcraturc also acti on icx differentiation, puberty and gamctogcneiii. Other t'actori that are also
import, in  ar«sal>n> > which affect~ puberti. garnctogcneiis, the quality and surviial o  game cs.
fertilization and cmbryogencsis and the dic  which af'fcc s puberty and genietogeneiii I'hc iocial
environment also acti on puberty. game ogene»s and the efficiency of gamete release Thc bio-
logical environment is some imcs a dc ermining factor in laying  e.g. plan  substrat«».

An hropic fa« ori I chang» m water flow rate, pollution. river navigation! also;>ff««t repro-
duction, usually >n a negative way. Environmental fac ors of cn have an indire»t »if<et «« i»nio-
riaf func ioni an<I the central nervoui system hut >nay also directly affect gonads. gaiiictcs an<1
eggs. Some rhythmic-tvpe factors in thc cnvironrncnt also entrain the internal cv»ic

A baiic ques ion in aquaculture ii: ihi>uld the environmen  be adapted to the aniniul, ai in
claiiicai aninial husbandry, or the animal to the eni ironment! 'I he answer dcpcndi <>n ihc typ«of'
aquacul urc praciiicd.

C hair in an
Rolland II if ford
Ini i u  National de Ia
Recherche Agronomiquc
Jo<l v � i,ii-J<>iai, Fi an«e

8:SO The L'se of .4ltered Seasonal and Constant Photoperiods in the Production of.411.
Year Round Supplies of Eggs in the Rainbow Trout
N. Hromagc, J. A. K. Eliiott, and J Springa e, Uniicrii y of Aiton, IJ>rm>ngham, t>niicd King-
doni

9.'05 Control of Maturation in Masu Salmon by Manipuiation of Photuperiod
Furnio 'I'akaihima and Yoihiaki Ya>nada. T<ikyo University of Fisheries. Tokyo. Japai>

In i>rd«r to «h inge  he ~pawning time >n Iandlocked variety of  nasu salmon. Oni o> !tv»< h><s
»><>sou. by rnanfpula ion of photoperiod,  hc cf'fcc ivc light rcgirnc was invcitigat«d

<'! in<era>< uiually ~pawn in October at the age of  wo under natural conditions. Iii>never.
maturation and spawning were accelerated  v o to  hrcc mon hs carher when rear»d un<i< r 1iing
photop«ri<id I I HL- >l3 or >4 L-OD! for onc or two mon hi durmg initial course of reproductive
cycle, and under shor  pho opcriod �L-I f D! during iuccciiiv«periodi of the cycle 'Ih» matura-
tion, on fhc o hcr hand. wai delayed when the brood hsh was subjected to continuous li>ng pho-

A major constraint to thc morc cfficicn »o nmcrcial production of  rou  ii the diffi»u1 y in
supply of eggs. In thc U. K. eggs are commonly only available from home hatcheries from No-
v»iliher to February. March and the season can only bc extended by the importation o  «ggi I'rom
ov»rscas particularly fhc U.S.A. and IJenmark Similar difficuitici imposed by ieai<inal iuppiies
of eggi are also experienced by o her producing countries, Ideally. eggs should bc available
throughout the year or at icas  at  imcs prci«ribed by the industry. Improvenienti in  h< .>v,iilabil-
ity i>f eggs would ensure a morc cffcctivc uic of farm facilities and staff and guarantcc;in all-year
round supply of  able tish.

One meth<xi of altering  he time of spawning of salmonids. and hence the suppiici of eggs,
is to manipula c  hc day length  o which the broodi ock hih arc exposed. 'I he present paper
diicuii»i  hc usc ol bo h ieaionally-changing and constant light regimes in  he advanccmcn  and
delay of the natural spawning ames of different s raini of rainbow trout. Up  o 4 mon hi ad-
vanccrncnt and 3 nu>nthi dela> in spawning can be achieved during one reproductive i»;>son in
parallel groups of hroodstock usmg rclativciy simple photoperiod regiincs. Subicqu»ni rnanipu-
lationi over success>vc»yclei can provide ipawningi during any mon h of the year it ii also
possible to have up to three batches of eggs from thc same fish over a If>-mon h period

A variety ofcxpcrirncn i ar» deicnbed including pilot-icaic studies, and aiio n>oi » i npor-
 antly data from faciiitici on a number of commercial farms whcrc many hundreds of bri>odst<>«k
are under photopcriod «on rol. Th» cffccts <if altered pho opera>d on  he t<me of spas< niiig and
fccundi y and the qual>tv of thc cgg are diicuised.
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toperiod. Long phot«period during initial course of  hc cycle seemed t<i s imulate e.irly proces  in
thc accumulation of I'arty yolk. A  i»as . one nion h of continuous long photopcri<>d is necessary
r<i initia e matura ion. Rapid vitellogenesis, as in  hc other salmonid species. wa< apparently
stimulated by successive shorr phot«periods.

Thc fecundity of matured females under artificial photopcriod was significaiitly higher than
that of natura!!y matured «ncs. Although thc size uf thc eggs was smaller. percentage of cycd
eggs did not diff'cr with that <>f naturally ma ured eggs. Serum gonadotropin did no  < hanve
during long photoperiod and increased at the time of ovulation  hat was triggered at' cr transfer-
ring to short ph« opcriod.

9:20 Etfects of Temperature and Food Availabi!ity on Maturation of Sockeye Saimou in
the Ocean
T. Nishiyama. University of Alaska. Fairbanks; and T. Minoda and I'. I-'uJii, Hokhaido Univer-
sity. Hakodatc, Japan

The return timing of salmon t<>  resh water is believed to result from rh» cffccts of occan<i-
graphic »<indi iona during thc last marine life stage. Specifically it has beer> tound tha  the return
timing of Kvichak r>vcr s<>ckcyc is inversely related  o thc mean sea surface temperature in  hc
central Benng Sea during June. a month prior to the return rnigra ion Nishiyama �98'! offered
an explanation ot' thc mechanisms determining rhc return timing. First, rhe return tiniing is con-
trolled by the mi>tur> y coridirion ot <a!mon which is directly regulated by sca temperature. Sec-
ond. thc temperature inAucnccs upon food availability and growth mus  affect  he r»aturity con-
di ion and  hereby  he return timing.

T<> examine these mechanisms. thc relationships be ween rc urn timing, teinpei ature and
zooplankton biomass in thc basin and shelf areas of the Bering Sea werc investigated based on
data collected during Junc and July from ! 957 to 1981.

Thc zooplankton biomass was h>w from 1957  o 1963, bu  high between 1965 and 1969.
Since 1974 thc rouplank on hioniass has tended to dccrcasc slightly Mean zooplankton biomass
has generally bccn 25q higher in rhc shelf'area than in the basin area. In the basin irea. the
zooplankton biooiass has  ended ro decrease linearly with an increase in tcmperatui», indicating
that the zooplankton production was higher in the colder years. In thc shelf area, rhc zooplankton
biomass was low both m thc colder and warmer years, but high in thc moderate years. Thc pc;ik
return date of K vie hak river sockeye appeared ro he related  o thc zii<iplanktim hi<>mass in the
Bering Sea. A high zoop!.>nkton biomass in the hasin area was associated with delayed return
 iming: whereas. in the shelf area. the inverse was true, Finally,  hc effects i>f  cnrperarure and
food availabi!>tx will bc discussed in relation to  he vertical distribution pa terna ot so»key» and
zooplank <>n,

9:55 Developmental Rate. Fecundity, and Egg Size in Atlantic Salmon,.saImn saiar L.
J. B. 'I'horpc, Dcpartnient of Agriculture and Fishcrics for Sco land, Pitlochry, Pcrrhshire.
United Kingdom

Egg number and cgg size vary widely bc  wccn individual spaw ners v.ithin stool s. arid bc-
twccn stiicks in Atlantic salmon. Farly papers at cmpted to establish mean fi:cundiry measures to
characterize particular populations. or ti> supply rulc-of-thumb estimating me hods 1«r hshery
managers. More recently intcrcs  has been focussed, especially in thc Soviet Uni<in imd Scandi-
navia. on temporal variation in size-fecundity relationships. and in «ge-fecuri<lity relationships.
within individual stocks. These studies tire reviewed. and ncw data presented. evaluating thc
interrelationships ofdcvclopmental rate  river and sca age! on cgg number and egg size in the
River Almond salmon stock, Tayside. S»otland, In particular. it is shov n that  hc r<nc ofde-
velopmcnt of females during the juvenile rivcrinc phase inf!uences both the number iinil size <if
eggs produced subsequently. 'I he general !ifc-his <>ry strategy significance of this is <iiscussed.

9: 50 Coffee Break

! 0:15 Fertilization Success and Sperm IVIotility of Atlantic Sairuon  Sab>rn.caf<rr! L. irt
Acidified Waters
P. O. Dayc, Dayc Atlantic Salmon Corporation, Armdalc. Nova Scotia: and B. D.  i!cbc. North
American Research Center, Nev; Brunsw'ick. Canada

Fcrtifizarion success of A !an ie salrn<m  S<>ln»> ialnrr eggs by large se.r-run males and pre-
cocious mal» parr in acidic wa ers was determined. Values of pH tor milt, ovarian rlu>ds, <i»idio
media during fertilization. imd acidic media during water hardening are presented. ['!urat>on of
spemiatozoa mo ility in acidic niedia is also given and discussed in rcla ion to ferrilizat>on suc-
cess. There was no effect on fcrtiliza ion success ar pH 5.� or abos». There was,i s eady decline
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in fertilization succcs< froni pH 5.0 to 4.0. No eggs werc fertilized belov pH 4. !. I he IiH LLSG
was 4.S for I'crti!irati<in succe<v Duration of spermatozoa motility constantly dcclincd at aII
tested levels until about pH 4.5 v'herc thc decline bccainc extremely rapid with zcr<i seconds of
niotiiity occurring near pH 4.0. The duration of spermatozoa motility of precocious male parr
was Ionger than that for thc large sea-run males at levels above pH 4.4 Thc signihc;mcc <if all
results is discussed in respect to the rccruitr»ent of young into fish populations in acid <tressed
v aters and acid precipitation,

10:30 The Iiffect of Size, Age, I'rowth Rate and Photoperiodun Maturation in the Brook
Trout  Saiveiinus funtinulis!
Stephen D. McCormick and R. I. Naiman. Woods Hole Oceanographic institution. 9 <><>d<
Hole. Massachusetts

Brook trout /<'u/<</inui fontina!<<i were raised at constant temperature   IG C! under two
photopcriod conditions: onc c> cled normally with calendar date and thc other v as three m<inths
delayed from thc norm, Within each photopcriod tv.o growth groups. onc fast �.246 g d over
one year! and onc slow �.046 gid!. «erc crcatcd by controlIing thc amount of I'ood <i!I'< rcd
Photopcriod controlled thc temporal phasing of the maturi<ti<m cycle. Within each photopcriod.
size and/or growth rate. and not age. determined thc proportion of maturing mdividua!s during
their first autumn   !+ !. Ihc largest proportion of ma ure individuals <iccurred in  he delayed
pho openod, fast-gi'owing F!sh, Plasma thyroxinc Ievels were generally lov cr in slower grov'mg
fish and <bowed an annual. photopcriod controlled pat tern in all groups ln each cxpcriinental
group. the pr<ip<irtion of 0+ mature females v,as always significantly  p<0.05   lower than the
proportton of mature males. All fish in each cxpcrimcnta! group became mature m theii second
autumn   I + !. A size related threshold which is sexually dimorphic and which interact< with
photop-riod can best explain the 0+ and I + maturation of brook trout under artificiaI < ulturc

I 0:45 Photoperiod Induced Delayed Spawning oi' Freshwater Reared Chinook Salmon
W. S. Johns<m, Ivlinistry for Conservation. I-isherics 4 Wildlife Division. Alexandra, Victoria,
Australia

Chinook salnion have been cultured at the Snobs Creek Frcshw <<ter Fiiheriei Research Sta-
tion and Hiitchery. Victoria. Australia. for more than 14 years, Thc salmon live their cntirc life
cyc!c at thc station in freshwater. Brccding hus been relative!> vuccessfuI and tv o lake< are
regularly stocked v ith salmon which grow quickly to a large size and provide cxccllcnt angling.
In I 980 a five year program was initiated to identify t'actors adversely affecting breedirig success
and to make irnproveliients whcrc p<issib!c lo fish husbandry.

I'he effect of rclativc!y high water temperature during thc niaturation of adults;in<i the incu-
bation ol ova has been studied, and related t<i embryonic deformation and death. An artificial
photopcriod rcgirne has been used in an effort to dc!a> adult inaturation to later in thc;iutur»n
when water tcrnpcrat urea are considered to be <nore fav ourablc.

! !.30 Symposium Luncheon
Bcllcfic Id/Fairwcathcr

Salmon Recipe: One Part Science, Two Parts Technology. Three Paris Iiconomics. and
Ten Parts Politics
William IvlcNci!, �cncra! Manager, Oregon Aqua Foi>ds, Springfield. Orcgim
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TUESDAY AFTERNOON
1 November 1983

I:30 Proximate and Elemental Composition of Developing Eggs of Pen-reared Coho
Salmon  Oucoryr<chuskisurch! Fed Production and Trace Element Fortihed l!ietx
R. W Hardy, University of Washing on and National Marine Fisheries Service: K. D. Shearer.
National Marine Fisheries Service: and I. B. King, University of Washington, Se«til»

N 51'I'Rl'1 1 ON

ldi lw iod  Marvmo lr

Chairman
Ron«1d W. Hardy
University of Washington
«nd Northwest &. Al«ska Fishcnes C c«tcr
h « ion«l M«rine Fisheries Service
Seat t lc. Washington

Two groups of'coho s«lmon. r<iised in inarine ne -pens. were ted standard Ahern«thy dict
19-2 or Abernathy diet 19-2 fortified wi h additional cobalt, copper. iron, inanganesc. and zinc
during thc 6-month period before spawning. Monthly ovary sarnplcs and whole fish minus the
ovary samples from each group were analyzed for proximate and elemental compos  ion. Who!c
body wet weights increased abou  30'7r during the experimental period bu  most ol  hc gam was
in ovary weight Analysis of the proximate changes showed a reduction in lipid tcvcls of the fish
during ovarian development. elemental levels of  he fish did not decrease. Proxim«ic c<mstitu-
cnts werc dcposi ed m thc eggs  hroughout ovarian dcvcloprncn  but the ra cs of deposition var-
ied between constituents froin month to month Fle<ncntal deposition in  hc ovaries v,as cont -
nous bu  the ra cs of deposition varied between elements. No cviden .c of matern«l som«tic
elemental depletion was observed. and no differences were detected between thc two groups in
eIcmcntal composi ion of the <natcrnal tissues or ovary at spawning. Analysis of thc results of
this study and coinparisons with observations from pcn-reared arid wild coho salmon eggs in
previous vcars indicated that additional elemental foriifica ions of Abemath! dict 19-2 is unnec-
essary for pen-reared coho salmon,

1:50 Mineral Supplementation of Atlantic S timon Broodstock Diets
H. G. Kc ola. U.S. Fish and Wildlife Service, Cortland, NY

Spawning of' wild-kelts reconditioned on hatchery diets and of ha chery reared Atlantic
salinon /5«/mo s<ilar! has been much less successful than that for sea-run salmon in various
rcccn  atteinp s in hatcheries in northeastern states. The "cyc-up" of'eggs from s»a run salinon
ranges from g3 to 92»7<, in contrast to that for rcc<inditioucd salmon which ranges 1'ruin 45 to 75%
and that for haichciy reared s«tmon, 17 to 8 !'/z. Chemical analyses of eggs «nd die s suggested
that mineral diliciency could bc thc cause of poor cyc-up.

A 3-month pilot study was conducted to test the effectof feeding a tish meal.c<iiitaining diet
with and without a mineral mixture formula cd  o provide sodium chloride at 0.75'«< of dict and
magnesium. zinc, manganese, iron, copper, and iodine at 400, 150, 100, 100, 5. «nd g mg/kg of
feed, respectively. Each diet was fed a  about 0.5% of b<idy weight daily to duplicate lots �0 fish
each! of mixed-scx. domestically-reared 4 3'4 year-old Atlantic salmon.

'1'hc resul s showed that this mineral supplement had no signific««t  P.. 0 05 i cf1'ect on cgg
production, fertilization ra c, cye-up, hatchabili y or swim-up. Hov ever, there was considerable
variability between replicate for all of these measurements, Semen of salmon was niicroscopic-
ally active and contained about 13.4 billion sperm/ml. Sperrnatocrit values  packcd sperm ccl1
volume! were no  significantlv affected b> diet, nor were hcmatocrit values for spent females.
Chemical analyses of various minerals in cycd eggs and fresh semen shov;ed no appreciable
effect of diet on any of the minerals measured.

A recent 30-nionth study on mincralsupplcmcntation  Zn, lVln, Fe. Cu! of fish meal diets
fed to broodstock rainbov, trout showed that supplernentatiou with rnincrals dram;itically in-
creased cyc-up and hatachability  Takcuchi ct al.,  981, Bull. Jap. Soc. Sci. Fish 47:645!. This
suggests that a long-term study may be essential to show any cf'feet of supplemental ininera la on
reproduction in Atlantic salmon. Therefore. the luck of significant effects in this shor -tcrrn study
should not bc considered as evidence for the non-essentiality of supptemcntal miner«ls  « fish
meal diets A lung-term cxperiinent appears to be needed.
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2;05 pigmentation of Salrnonid: F.ffect of Carotenoids ha I'.ggs and Startfeeding Iliet on
Survival and Growth Rale
Olc Torrisscn, Ins iiuic of Marine Rc»carch. Direk orate of Fisheries, Ma rcdal. Nor«;<y

Salrnonids mob!l!se their carofenoid pignicnts. astavanthin and can «van hin. in ih» iiesh
and deposit them in eggs and»kin during sexual maturation These active metaboli»in< of caro-
tcnoids indicate  hai they have a specific f'unc ion either during reproduction, carly iiib. or boih.

Carotenoid» are rcpor ed to enhance giow h rale. ma uration rate and fecundity and to re-
duct mortaii y rate. Howcvcr no bi<iiogical tune ion of astaxanthin and cantaxan hin h.iv» so t;ir
been d<icumcnted hy adequate»cientific data.

To»tudy she cffcc  oi caroicnoid» i!n survival, differently pigniented 4  lantic s«ii>1<>il
/5<!/r>!r> vo/arf egg» and alevin» were exposed to!igh  of different wavclcngths. D>ft»r»ritly pig-
menied eggs and alevin» incubated in darkn»ss have also been studied. Highly pigmcn cd eggs
v'ere found  o be»»nsit>ve to light. In darkness there was no signiiican  ef'fcc  oi' the ciii oicnoid
level on»urvival <!f eggs and alevins. Dict» supplcmcn ed with synthetical as avan h<n «nd can-
 axan hin promo cd growth rate during the early star feeding period.

2:2 I Fffect of Nutritional Quality of Broodstock Diets on Reproduction of Rainbow 'I rout
and Their Egg Quality
'I'akcshi Watanabe, Tokyo t.>nicer»! y of Fishcric». Tokyo, Japan

2:35 EITect of Increased Ascorbic Acid Supplementation in Broodstock I'eed for Repro-
duction of Rainbow Trout
Kjartan Sandncs. Yngvc Ulgcnc», Oiaf R Braekkan. and Finn Utne, In»titute of Nutrition, Di-
rectorate of Fi»heries. Nygard» angen-Bergen, Norway

Abstract no  available at press time.

Cryopreservalion of Milt and Its Application to Atlantic Salmon Farming
R. Aldcrson and A, J. MacNcil, Marine Hur<e»t Ltd.. Locha!tort, Inverness-shire, Uni ed King-
dom

2:s0 POSTER SESSION II
Genetics

Factoria Room Recent »tudie» hy Sto»» and others have shown the feasibility of long term storag«!f A lan-
tic salmon  nilt by cryoprcscrva ion. Thi» technique couM have value in ihe co>nmcrcial farming
of salmon by enabling n!ilt of onc year class  o be used  o fertitisc eggs ol ! hc follow ing yc;!r
cia»scs. This would i nprovc  hc scope for rotational linc eros»ing to avoid inbreeding depression
in highly»elec ed hroodstock line». The opportunity for using  hc technique w	1 how»< er be
limited hy  he ease with which high levels of fcrtili y can be achieved in full sized egg batches,

In< >al inals using milt frozen in straws and batches of 300-400 eggs gave up to% '>r of
control fertilisation with ccr ain combinati<>ns of freezing conditions and cryoprotcctan s. En-

Economically productive aquaculture i» heavily dcpcndcnt upon an adequate supply <>I
seed. of fertile eggs and juvenile fish. with which to» <!ck  he pond», encl<>»ures. ar>d i!ther
cultivation system». One oi the mo»  important and fundamental approaches to  hc «niiicial seed
production to satisfy the ever-growing demand of tish brccdcrs i< to en»ure a y»ar-rouil<l. rather
than a»ca»onal. !upply of enough fcrtilc eggs with high qualities which produce hivhcr survival
and growth rates than those naturally occumng.

Nutrition is known  o have a profound ei'tect upon gonadal growth an<i fecundi y Although
prcci»e information on the nutritional requirement» for gonadal inaturation in brood» <r»h i» lack-
ing, it has been gcncrally agreed that quality and quantity of the feed, as well as the feeding
reeiinen, arc important for repmduction and egg quality. Thus  his study wa» conduc e<l in <>rder
to develop an adult f!sh diet suitable for reproduction of rainbov: trout hy en~uring a rchi ionship
bc ween feed quality and egg quality.

Adult or fingerlings of rainbow trout were fed on variou» test diet» for 3 month» <ii 3 years to
cxarninc  hc cff'eci» of low pro cin-high calorie or EFA-dehcient diet~ and the total dele ion ol'
trace elements from the rnincrai mixture in v, hite fish meal dict» on rcpr<>duction and chen!ical
coinponents of eggs produced.

Eggs produced from the fish fcd on the low pro cin diet with a high energy value «ve gi>od
yicM of cy'cd eggs <»i h high h«tchahili y compared to those fed on the control commercial diet.
But, eggs from the fish fed on the dict without supplement of  race eicmen s <>r EFA «»rc signifi-
cantly lov in both percentages of eyed eggs and ha chahility. These rcsul < have den!on»tratcd
that the low protein � high caloric diets»upplemented with beef  allow have no a<fv»rse»ffect< on
reproduction of rainbow trout, and that a»upplemen  of trace clement» to tish meal die s is indis-
pensable for reproduction, although white b»h meal contains various kinds ot'miner«l» Thc
»aine kinds of re»ul s v cre also obtained in rcd »ca breain.
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couraged by thcsc results improvcmcn s werc nuide in the method of milt collcc i<in which en-
able<I large quan it<ca of uncontaniinated milt to bc obtained. A further  »sr with har»hes of 4.000
eggs. which werc stripped and fertiliscd « ith cry<iprescrved milt on the sea cages holding the
broodstock, gave fcrtilisation rates of 30'/< and 70'il of control level». I'hcsc results will he dis-
cussed further in the context of thc difficulties which still remain f<>r thc v, idcr usc <>I'cryopres-
crvcd milt in thc salmon turming business.

Flow Cytornetry vs. Nuclear Area: Analysis of Induced Polyploidy in Ctenophrrrvngodr>n
idella x Aristhichtr s nobilis Hybrids
S. K. Allen, Jr.;ind J. M. Mycrs. University of 'Washington. Scuttle

Assays for pilo<dy hav» suffered from a lack of an unequivocal and ccim<iriiic assay for
polyploidy. Putative rriploidhybrids bctwccn thc griiss carp  C. <d<  la! and bighead carp  A.
>rob>I s! werc obtained fr<irn J.M. Malone and Sons. Lonokc. Arkansas in order t<i <rrak» direct
c<unparisons be ween the current methods forcvaluating ploidy in  hcse hyhrids: mc.isuring   I i
erythrocyte nuclear volume and �! DNA content via flow cytomctry.

Blood samples were drawn from each fish and proccsscd for nucleiir voluine and  low cyto-
metric analysis. To rncasurc nuclear volume, hi<iud was snicared. stained, and pho! ographed at
I000x: ph<itomicr<igraph negatives were mounted in 35 mrn slide fraines and pro!e<  ed onto a
scrccn. Nuclear areas werc traced and then later rc raced on a digi izer. Blood ccl! s tor  ! ow
cytomctry were s ained in the DNA I!ourochromc DAPI and I!ouresccncc fr<irn I >0 !-5000 indi-
vidual cells was quantified for each fish.

Results indica c that  row cyronretric analysis achieved a thrcc-fold r»duction in  hc c<>effi-
cient of vanation for es irnatcs of DNA contcn . 'fhe increased precision obtained s ia  low cyro-
mctry allowed distinct ploidy groups ro be isolated whereas nuclear volume incasurcmenis failed
 o provide clear deniarcation between ploidy levels. Flow cy ome ry costs c<imparcd favorably
with nuclear volume. heing I 7'7r less expensive pe! sample and providing morc imin»diare re-
sults. We recomnicnd cyto lourome ric analysis as the most cflicient and dclini <i e! <ralysis
method for ploidy analysis

Evaluating the Consequences of Reproduction in Co npiex Salmonid I.ife Cs cles
Hal Caswell. R. J. Nairnan, Rodcrick Morin. Woods Hole
Oceanographic Institution, Woods Hole, Massachusetts

Thc demographic me hods used in modern life history  hcory werc originall! developed for
human populations. The life cycles of many organisms, however, differ signilicantly from that
of man, and thus are difficult to analyze by tradirional means. in sa! monids, these dil fcrenccs
include the partition of thc life cycle between two distinctly different environmen s. plasticity in
grov: h which makes maturation an ill-dehncd functi<>n of agc, the existcncc of niulriplc rcpro-
duc ive pa hways, and the divergence of thc life cycles of males anil females. Recent dcvclop-
ments in evolutionary demography nov, make it possible to analyze such complex life cycles in
great detail. This paper outlines rhese dcvclopments in general tcrmi, md presents prclrmrnars
rcsul s of their application  o rhc Atlantic salmon �«/»>r> xalarl L, of the Iviatamek River. Que-
bec.

In particular, ive focus on the problem of evaluating the relative contribution t<i population
dynamics of reproduction by differcn  stages in thc life cycle. We show that quar> i arivc esti-
mates of  hese c<mtributions can bc rnadc. and tha  they depend on both the stable stage distribu-
 ion and thc reproductive value distribution of the population. Jn an cvolunonary pcrspec rvc,
 h!  provides a measure of the selective importance of thc different repr<>ducrivc pathways. Re-
cent changes in the reproductive life history ot the Atlantic salmon  incrcascd incidclicc O'I preco-
cious ma urn ion by male~ and of spawning hy one sca year I'ernalesrrnay hc cxplic.ible on this
liasls.

Enhancing the Reproductive Poien ial of Captive Coho Salmon Br<rodstock
R. N. Iwainoto and W. K. Hcrshberger, L'nivcrsity of Washingt<in: and C arlin McAulev. Doin-
sea Farms, inc., Brcmcrton, WA

An integrated program has been designed and implemented to provide coho >alnuin brood-
stock Ior the controlled environment and produc ion rcquircrncnts ol niannc nct-peri culture.
While substantial progress rela ive  o <ron-se!ected c<!ntrols has been achicvcd in sub.adul  per-
! <irmance rrai s   fresh- and seawater growth. smoltili»ation. and seawater surviv;il!. ihe nianagc-
nicnr of adul s under captive con< i ions and their rcquiriuiients for subsequent survii al and m:>to-
ra i<m require delinition. The parameters currently used to evaluate the s a us <>  hro<idstock
include physiological rneasurcnicnts. effectiveness <it prophylactic discase rrearmcnts. an<  dc er-
rnination of appropriate holding conditions. Results of thc usc of  hose technique and genetic
nianipulation will be prcscnrcd.
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Cotnparison of the Reliability of a Coulter Counter with a Flow Cytometer in Deter nining
Ploidy Levels in Pacilic Salmon
0, W. Johnson and P. Rabinovich. Univcrsi > of Washington; and F. M. U  cr, Na i«n,il Marine
Fishenes Servi«e, Seat lc

Thc reliability for differen i'<ting pl«idy levels of an ICP-22 Flow Cytomc cr using ii DNA
Iiourcsccnt dyc and a Coulter Counter and Coulter Channc I yzer measuring «ellular v»I«i oe v, as
«ornpar«d.

Fish from each of four groups of Pa«i!i«salmon � On  orby!!< hu< !<h<n< iix<h«:  ! «<rl»<s-
<hzi, and  wo groups»f'hybrids O !sh«» v!«J«< lfcmalc!.O. g<irhui<l«<  <»ale! and O <«»l!«a-
< h« female!!O.  <h<!»'J cx<'J a  male! � which had bccn heat created at fer ilization C«pii«J ««c tri-
pl«id lish werc analyzed at 15 mon hs of age to de ermine pi<»xly using ho h  echo!ques Resul s
are disc«ssed v, i h the objective of using the C«ulter Counter as an incxpcnsi< c and mor«< iim-
monly available altcrna ivc to the  low «yiome er.

Studies on Salt Water Adaptability and Sexual Maturity of Triploid Pacific Salnton
O. %. Johnson. F M. Utter*. W, %. Dickhoff. and R. N. Iwamoto. Univcrsit> ol' Washing o !
' National Marine Fisheries Servi«e

Fish from I'««r gr«ups of Pacific salmon which had been heat  rea ed at fcctiliza i»ii � pro-
duce triploid fish. and whose ploidy Icvcls had bc«i  monitored throughout devcloprn«n . werc
in roduecd into sal  wa cr. Bio<id samples were taken a  two week intervaIs prior  o and f»llov,-
ing the introduction of thc fish into sal  water. to analyze estradiol and thyroid hormone I«vels
and  o moni or ploidv. R«!a ive sexual d«vcl«priien  of diploid and tripl«id i«dividu;<Is w;is ala<i
cxamin«d a  regul;ir intervals.

Signilieant differences in hormone levels. sexual dcvclopmcn . an<i mor ality wer« i<h
served hetween diploid and  ripioid fish, sugges ing that alternation in ploidy leve!s has a pro-
found effect upon develop neo  and sah wa er adap ahifi y.

Development of Biannual Spawning Behavior in a Rainbow Trout Population
Harold L. Kin«aid. l!. S. Fish a id Wildlife Service. Kearnevsville. W. V.

During Dc«ember 1974. hybrid matings hc v ceu males from normally fall-spaw n< i i O«t«-
bcr! s rains and lbmales I'rom normally win er.spawning  Jan«ary! s rains werc prod««ed The I=,
prog«ny matured as  wo year fish in December. 1976 as expected. ln Junc 1976.  ive I'emalcs
werc foundmaturc after a6month spawning intcrsal. A sclce ion arid hybndization pr»grani
v,as established  ha  has resulted in an increased frcquc  cy of fish exhibiting  he biannual spawn-
ing trait since I 976. Data from  hc !980 year «lass through three > ears ol'agc show that 96 9,
86 5 and 93.0'!e of thc fish spawned a  2.0, '.5, anci 3.0 years ol age. l-'ift>-cight individually
iden ified fish werc evaluated al' cr the 2.5y«ar spawning period yielding 3* i«males i 75<e ina
turc at bo h per«ids!, 11 males �4 z< ilia ure at h<i h peri«ds!, and 5 lish not mature a  «i hcr
spav ning period.

Egg quality measured in  erma of egg hatehahiliiy during thc IVY«>-.1«n«peri<id has li«cn
I«w. ranging froin 0  o 56% in 56 lots spawned in 1982. Fecundity of th« fish <it 2.0. '.5. and 3.0
years was 2i'97, 2153, and 3623. resp««tivcly. Management implicati»ns «l biannual spav ning
is dis«ussed.

A Conceptual Fitness Model for Managing Pacific Sal non Fisheries: IL Application of the
Model
J. I'.. Lannan and A. R. D Kapuscinski. Oregon Sta c Univcrsily, Nev;port

Application of thc model presented in thc previous paper  o the management <ifhyp«ihetieal
salrn«n p<ipula ious is demo«s ra cd by simula ion. The d«monstration includes the es ima ion of
required escapement to maintain rcproduc ivc fitness and the pre-se lee cd Ies «is «f es«ap«ment
which will result in «hang«a in reprodu« ive  itness ola hypothetical p<>pula <on, AIgoii hms
employed in  he model are brie !y reviev,ed.

The Consequences of Maintaining Fa nilles in a Cominercial Bt ceding Program for Atlan-
lic Sal non
G. F. Newkirk, Dalhousie Universi y. Halifax, Nova Scotia. and and S, Merrill-S avos rand.
IMA Aquatic Far<ning I.id, Argyle Head. N<iva Sc« ia.   anada

ln a study dcsigncd  o evaluate a breeding program for Atlantic saliiion, 5<�m<!  u/<I!'. a
stock cs ahlishment and evalua ion program v.as v ar ed in a «omnier«iaI hat«hei>. Sto«h was
main ained as separate l'ull sib families. Thc lacili ies were designed to hold thc eggs and 1'ry iil
a«para e  anks until  hc lingerlings werc large enough  o bc given afamily hr ind and iiiarh. I he
resulting loss in gr»v  h due to  his pro«cd«re has m«an  a serious loss in yield «f I ~ smoits
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compared to»<intemporaneous fish handled according  o conventional hatchery pro«c lure». I he
advan ages o ' family s ruc urc in a breeding prograns is discussed in tcr>iis i>I «ontiol of pedigrcc
and obtaining desirable genetic paran>»ters. In the particular case»tudicd it seems thc disadvan-
 ag«s in terms of loss ot production arc toi> grea  and an al ernative approach >» r»eoinniendcd.

Methods and Implications uf Inducing Androgenesis in Salmonids
Iim Pars<>ns and G><uy I horaaard, Washinaton State  Iniversitv. Pulln>an

Hc erotic effc» s obtained in progeny genera e<l fain> cro»ses be v,ccn inbr«d lu>c» have
proved to be extremely useful in agriculturally important crop spe«ic» Work w >ih «ross»» be-
t@,»cn inbred lines ot'rainbow trout have shown similar»u»«css. hut arc limited due to  h» long
pro«css inhercn  in thc convcn ional r>ic h<x1»  or production of inbred linc».

Androgen«six. production of individuals v, ith hoth»hro>no»on>e»c s fro>n th» male parent.
e<iuld provid«an efficien  method for the rapid generation ot inbred lines. In addition, androgen-
csis could also he used  o restore diploid individuals dirc» ly lrorii cryopreservcd sperm I spcrn>
hanks!. and may help in gaining a better understand>ng ol salmonid genetics. Andr< igenesis in-
volves inactivation of the «gg nucleus with radiation, fcr il>7ation v, i h normal »penn, and subsc-
qucnt bi<i«kagc of the tirst ceB division ot thc dcvcl<iping haploid embryo to produ««a diploid
havine both chromo»on>e sc s  rom the male parent.

I'c»hmqucs lor successful inactivation ot the egg nucleus have heen character >red. f. urrent
work on blockage of the nrsi cell divi»ion shows promise, but appears to he a»so»in<ed « i h high
mortality ra es.

Sex Control in Rainbow Trout for Mar iculiure in British Colutnbia
I. I. Solar, Ministry of En» ironmen : E. M. Donaldson and G. A. Hunter, I J«par n>en  of Fish-
eries and Oceans, West Vancouver, British Colu>nhia, Canada

Iv1ethod» ofhom>onal scx control and «hrimu>s<unal manipulation have b«eii.<>n»id»<«d in
thc last dccad» as means ol increasing both the qual>t! and the quan it> of »ultur«d sal>nonids. In
Bntish Coluinbia we arc studying the applica i<in of these techniques to the production ol all
female and sterile stocks ot'rainbow trout for aquaculture.

Th» effect of oral adrnini» ration ofrnethyltcstosterone on se>< rcver»al and» eriliza ion ot'
rainbow trou  and thc effect oi'heat »hocks on the induction of triploid fish have h««n invcsti-
ga cd. The admmistrat ion of 17»<-me by ltestos crone a  «oneentrat ion» bc ween I >nd 1 X! mg kg
of  ood for periods up to 12 > days following swim-up produced male-tcntalc rat>oi »ubstantially
diffcrcnt from ihe control. No dose-related rnortali y during the period of treatment v as ob-
served

Heat ~hock~ v,crc applied to rainbov trout eggs for 10 min, s arting;>t different times after
fc tiliza >on and at temperatures ranging  rom 24' to 30'C. Analysis of blood samples hy llov.
eytometry revealed triploid induction ranging from 18 to l X!% dcpcnding on the  cmpera ure
and  iming ot the tr«atinent. Survival froin fertilizat>on to f>f! days and growth of th<  r»ated
groups were lower than thc»ontr<>l.

The Effects of a Broodfish Diet Fortified with Canthaxanthin in Relation to Feinale Fec-
undity and Egg Color
Larry Harris, Colorado Depar mcn  <if Natural Resources. Fort Coliin»

Abstract not available at press time.

>siuir it inn The Effect of Dietarv Yitainin E nn the Distribution of a-Tocopher<>l in Rainbow Trout
�almo gairdneri! During Ovat ian Maturation
I. King, R. 'O'. Hardy. and.t. 1..' Halvcr. University of Washington, S»;ittle

Experiments v,erc conduc ed to determine the effcc s ol' thc pre»ence or absence of dietary
vitamin E on «-tocopherol tissue dis nbution in rainbow trout during cgg maturation. In iiddi-
tion.  he infiucncc of dietary Vitamin E i>n ovarian dcvclopment, spawning date and «gg hatcha-
bihty were s udicd. Two croups of 2+ pretreated lcrnale rainbow trout  mean ini>>iil weight
598g! were fed purified basal diets trom July until spa~ning  January-February>. Group I was
fcd a diet contaming 9 I mg dI-<><- ocopheryi ace a c'kg diet Group 2 received o-to»ophcrol-free
diet. At onc or two inonth intervals, tive hsh front each group were sacr> iced li>r v eight mca-
surcmcn s and <ocophcrol analy»c». The e-to»opherol levels in plasma, liver. muscle. and eggs
were determined using high prcssure liquid chroma ography.

Analys>s ot the data shov ed no diffcrcn»es in growth, pre»pawning mortaliti ra c. cgg de-
veloprncnt, or cgg ha chability hetv:ccn  he tv o dietary treatments. a- oeopherol levels. ex-
pressed on a per gri<m wet basis. signiiican ly differed between trcat<nents in all ti»»ues only
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during Dcccmber. In both treatments, liver u-tocophcr<>l levels decreased most dras i»ally during
 hc carly months ol' hc study. The conccn ration <>f <x-tocopherol in the eggs varied at dil' 'creat
sampling<. »orr»sp<>nding to the absolute v «igh  changes of the cgg. c<- ocopher<>l vain«s in the
muscle rcniaincd constant during  h» experimental peri<id. Plasma >x-tocopherol values rcllcc »d
I>vcr levels. hut at lower «oncenlrations. Thcsc results indicate that thc fish had sutficient tissue
stores of <x- ocophcrol at the start of the study to supply thc needs ot the developing ova> ics
without add>tional dietary supplementat>on.

Crawfis Waste � A Domestic Co>nmereial Source of Aslaxanthin
Samuel p. Mcvcrs and Huei-Mei Chen, I <>uisiana State L'nivcrsity. Baton Rouge. LA

Louisiana crawfish  Pro«<»>b«r«x< 1<rr! <i> heat-pr<icessed waste has bccn ident>fic<I as a
unique source of naturally-occurring biologically-act>vc pigrncnt ba~ed on pr<iduc i<in;irid availa-
bility of 30 million lbs wi>stc year with noteworthy pigment conccntra ion I l53 pg/g i. A pilot
plant ha< been developed for efficient pigment extract>on using a veg»table or lish o>l for re«ov
cr! of thc oil-solubl» pigm»nt. Effor s have included optimizati<>n ot extraction «fficicncy and oil
recovers, and assess>»en  of process parameters for pending establish>ncn  ot'a cornmcr«ial
plant Scale-up s udics indicate thiit for every 100 ihs <if crawfish waste recovered. approxi-
mately IO Ihs of astaxanthin-enriched oil l >600 ppm! can be produced. Ini ial projcc>ions ar» for
a l 00-250 >netric ton facility. Monitoring of process parameter< has allowed increase in I»grnen 
concentration  o a< h>gh as SIX!-850 ppm. Performance trials wi h a variety of aquatic species
 rainbow trout. coho salmon, American lob<>er! hase dcn>ons rated signific:in  pigmcn  transfer
to integumcn  and n>us»le.

The I'irst Thirty Days of Feeding Salmon and Trout
R. E. Noble, Salmon. Trout Advisory Service, Olyn>p>a, Washington

The success or l'ailurc of a given p<ipulation of salnion or trout can be cs ablished i>i the
methods of incubating fry and the first 30 days of feeding. The old practice <>f incuba ing> y<>lk
sack fry without a substrate of some type and><ir using too inuch v.a er 4<>w results in a sv;im-up
lry that must overcome a penalty. Feeding procedure and care is nearly as iniportant as th» fc»d.
At a water tempera ure ot' I O'C sal<nonids shoui<} gain over '2 O percent iif the>r initial starting
v,cight in the first 3 ! days of feeding. It is cost effective  o assign thc best lish culturis> <>n staf'f' o
care for the fry from the day  he eggs hatch to 30 days pos  ponding. Feed levels should be at 7 to
 f<z< body weight and the food pr»sented at IO- o- l5 minute intervals throughout th» dayligh>
hours. A start trough having a cubic capacity ot approx.irnatcly 50 feet with v;>ter f1<» s of nearly
50 gpm provides the mos> suitable s arting environment. Size variation. disease susccptihili y
and feeding response along with long term survival rates arc all grcatlv inf]ucnced >n  hc lirst 3  
days of fbcding. Po<ir care results in poor hsh.

The Fffect of Diet Protein Level, I ceding Level and the Holding Water Te>nperature fnr
Rainbow Trout Broodstock on Their Growth and Reproductive Peri'orrnance
D D Rolev, Universi y of Washineton, Seattle

Tw<i separate feeding tnals v, ere conducted using University of Washington rainbow tron 
broodstock  o determine the etfect of dietary protein level, ration size and water  emperaturc on
pre-spawning growth and reproduct>ve performance. During  he eight <nonths prior  o spawning
four isocaloric diets with 27, 37. 47 or 56~<< protein v,cre fed  o separate groups of thc I <>'3
brood F<iur groups of thc 1974 brood v:ere reared under the cross-classified design ol' tv,o v,a>er
temperature prof>lcs. cool and warm; and two ration sizes, repletion and half-reple i<in l.is a
percent of body weight per day!.

Thc dietary protein requirement for maxi>num growth was bc ween 37 and 47<i~ of! diet
con aining 2.8 kcal~g inetabol>zahle energy. Caloric utiliza ion. food convers>on and protein effi-
ciency ratio decreased with increasing levels of dietary protein. Dietary prote>n level did a<it
affect pre-spav ning mortality, spawning success or the duration of spawning Dietary pro »in
level did no  have a significant effect on  he absolute or relative number of eggs spav:neil, rela-
tive cgg size or embryo survival.

Maximum grow h was achieved hy feeding repletion rations under war>n water conditions.
Food and protein u iliza ion for growth was optimum wi h rcplction rations in warm water or
half-reple i<in rations in cool water. Feeding repletion ra ions in warm water increased p>'c-
spawning mortalit>. Water temperature or feeding level did not affect spawning success but
feeding half-reple i<>n rations increased the duration of spawning and warm water delayed the
time of spawning. Relative fecundity was increased by feeding half-repletion rations ui war>n
v:ater. Re! ative egg size was increased by feeding half-repletion rations in cool v a cr. <> '«rm
water and feeding repletion ra ions had deleterious el'I'ec s on embryo survival duc to their effects
<in egg size; and ration size had an independent effect on embryo survival.
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The Fffecta nf Diet on Quality of Coastal Cutthroat Trout  Saimo < arki cirzrk<! firo<nistoek
Adults, Eggs. and Fry
Tirn 'n erwegner. Oreg<a! Depa  n!ent nt Fish and Wiidhfe, Clackamiis. Oreg»i!

Water Qualit> Monitoring for Salmon Culture
33. G. D;tous . Cn»imon Sen~ing. Inc . Bainbridge Island, Washing oi>

Hrootistock Management
and Husbandrs

Ab«trae  not.ivailah e a  pie«s tinie.

Some 1'actors Affecting the Preservation of Salmonid Spermatozoa
A. W. Erdahl. D, A. Erdahl. E. F Grahain, Univcrsitv n  h1innesota, St. I'aul

Rc«carch isa«undertaken to « udy various factors in�ucnciiig the «toragc o   r<«h  ni>n-
 r<>zen! and fin!en semen <if several salnionid species. The s oragc nf  'rosh «em< n v a« insesu-
ga ed in regards to storing «en!cn  'nr use w i hi» nnc <>r twn weeks froni  hc time ol < olleetion.
Fr<>ze» «erne» was investigated as a means of storing semen from >car  o year. Spe< ies ~tudied
included. ch!nook salmon! >n«>rl>yn< h«s zx< h<n> v! >< in<i, rainhnv, trout   c>< i»«> e>ui >'doer !.
brown trou   <> <>!»><> zr«z « f'< r«>!. and brook  rou   S«i< eli >nx< fo» i>!«li s»

Thc diluent u ed in all «tudies ss'as  nrmula cd according  o Erd;ihl;md Grahani I 1980!.
 s'on-frozen senicn indicated a dccrcasing fertility rate with increasing « orag» time. Us!ng> chi-
nook salt»nn scmcn at dilution ratios o ' less than I: s   I part semen tn s pari~ extender!, I'ertili y
rcrnained above 85>~ at 48 hour s nragc.  >ilu inn ra ins of I:10 or above yielded ter i it> Icscls
thar decreased after 30 min storage and v;ere less than 2>i< fertile at 48 hnurs. 51e;in fe!tili y
values for brown trout and rainbow irnu  semen dilu <«<l I:2 with cxtendcr dcercas< d  rom 83 to
59<< nver9 davs.

Cryoprntcetivc agcn s investigated included din!cths I sulfnxidc   x1C,SO!. Cth> Icnc gly«>l
a»d glycerol, With all four specie~ invcs iga ed. the addition of Me,SO io thc cs eniler in cori-
cen rations less  han 79<  vol, s'ol! res»I cd in I'<.'rtili y approximating dilu ed scmci! w'ithout cryo-
ag<.n   9so< !. I ths lene glsc<il resul ed in  ertility rates 20 >  bclov, Mc,St? and glyecro! «hnv ed
highly de rimcn a1 effcc s on sperm cells even at very luw «>neet!tra inn«

Frozen semen ol hri>w» trout a id brook trou  diluted I:2 v, ith 7'k Mc.SO <» ihc cry<>pr<> ce-
 Ive age»  resulted in an iiveragc fc  ility of 5- 'ii a  hough the range wiis I'rom 3 io 9891 fertile
dependent on trial. Semen frozen i» the t!. S ce «trav, resulted in fertility a«crag>n > f>f>'z< con!-
pared to semen frozen in the 0.10 ce pcllc  which averaged 10'7< I'er !le egg«nvci;i ! trials con-
ducted Frozen seinen stored a  � 7<!'C and �  9h'C showed no signitican  differences in tbr il-
i v

Remote Location Hatchery Develop nent
D, E, P lug, W I.arnek".   . Forti«r. R. W. 13eck and Associate«, Scat lc
' Snu hem Si«u hcas  Regional Aquacul urc As«oeiation. Alaska

As suitable sites for tish batcher!cs become hanker tn  ind near population centers. salmon
aquacul urists;ilnng the coasts of the Paci ic is!nrthwest, Bri ish Columbia and Ala«ka wi�bcgin
tn kn>k toward !nore rcmo c locations as increasing > viable alter»,<  vci  oi tuture construction.
The dcvclnpinent and succc«s u!opera ii>n nf aquaculture facilitie«at re»!ote loca a>ns c;ills I'or a
cut!ca1 es aluat ion of si c characteristics and opcrauonal  'ictors no nnri»ally eonsii!crcd in such
detail  ' or facili !cs in more populated areas. I'wo m ijor consider at in is involve   I ! dcvelopin ' a
dependable an<i e  icient power source for the ha chery and residence huilding«, ai!d�! snlv»!g
the logistical problems ass»cia ed with transpo  ing tish, hatchery supphes an<I per«<n!nel

In addition tn these major concern«, manv nther components n ' a hatchery proicct must he
ahercd tn ace<>mi»odate remote si ing prnble»!s. Economic. bioIogical. eng>ineerillg '><I!<1 Lnn-
s rue inn considerations must all be accounted for and integrated in <i the nveral1 dese1opme»t

Cn <« a! cu throat trout i S«I»»> < i«rki <'i<>r> i! brood stock werc fcd I'nur di  er< ni iliet« tn
dc et I	1<le thc cffcc s of dict on qua li y ol adul  brood  ri>u  iind th» result liig eggs 'll'><1  r>'. 'I hc
four test diets v cre: Spear ish GR-3. Silvercup brood, and two fnrmul;ition«nt  !re!'n» Pellets.
R q>e  'en!ales were spav;ned? anuarv-March 198' as 3-year-olds and ?anuary. > I,<r<.1> 1983 a!i 0-
vcar-n!ds. There werc «igni i can  dit ercnces   P< 0. 
 ! in number of eggs pcr  'cin,>le, number n '
cgi>'s pcI' 1!ini fork Icng h. a!id fr> n!or all lcs fnr lish spawned as 3-year-nld« ill� d>1 etc!lees l!l
egg vnlun!c. nut»her o ' eggs. egg«pcr miii l<>rk length, a»d fry i»nrtali ics  ' or hsh spuw ned iis 4-
year-olds Th<. formal re<ding trial revealed that, under the conditions nl  his  esi, t ic pi»duct!nn
Inri!iula <if Oregon Pc!lets produced «ignific<in !v larger fish than either Spc,<r ish  >R-3 or Silser-
cup. better feed en»versions thiin Silvercup. a»d fev,er adult mortali ie« than Spear ish Standard
 <in»»l;i Oregon Pellets contains cot onsccd meal v hich ha«been.show	 tn ca iso II <cr cancer. so
wc he«i atc tn i> <'nlr>IT!cnd Iccdit!g It tn hini>d s nek until more research i«complete< .
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scheme t<i ensure;i suc«essful operation. Thc ««onomics of bccorning s«lf-ref i.mt of  en pros «
prob!bi ivc unless innovanve engineering itic ho<Is;trc iipplied.

'['his p.ip«r pr<is ides «>toe insight into problems <tssociatccl ssith developing a rct!l»tc s>tl-
monid ha ch«ry tact[i s . Dcs>clopm«n  is viewed fr»in thc perspective of thc hi»fog»  ihe hshcry
m<inagcr and  hc cr!gineer. A case study is e ><a»!i»ed and used  <i illus rate mans of' h«points
rtiiscd Th«autli»l' viiiphasizcs  hc i!npor ance of  horough planning an<J  li<' t!eed t 'i l<1 cgl<i e
engine«rs and htologists into a single tc;ii» tii produce;t foci[i s' capahlc of <ipe>a irig su 'c«ssfulls
<iver <i  vide range of »a ural and ins i u ionaf conditions.

The Aquaculture Data Base: A ffsefu[ Bibliographic Retrieval System for Sakmonid [.itera-
ture
Carol B. Rideout, Vttginia [nstitutc of Miirin«: .'Icicnce. C>lou«cater Poiii . VA

Thc Aquacul ur«D»ta Base is a ccntralircd !<i»re« of hihliograpf!ic informaliiin i<ir li cra-
tuiv. re[«!tin   <>;iquaculture. AII spccics cultured in wa er, including !a[in<»iids, arc c<ii eied. Thc
data hase is pub[i«ly available as Fil<. I I ~ «>f the I![AI. ! i infort»ation retrieval sss cii!. Cus orn
hibliographics at«easily produced via direct, onl>nc searches orby assisted!c;irches Ml«nifi«hc
or paper copies of non-copyrighted articles fr»i!i  he Ifnhliography niay he oh aincd  r< >Iii thc
Virgiiiia[nstitut« >f Marine Science.  ;opyri»ht holders have gr;m cd permission for i!!any iif  hc
other articles  o bc copied as wc[i. Literature is «of Ice cd Irorii a wide variets ot' st»iree> it!elud-
ing profcssi<inal I»iirrials an<I n< wslefters. procccdings. hooks. govcmmcn  pubfic<iiii>ris, >«-
search report! and un-published papers. Data bits«holdings are continually «xp<tnd< d;it a r < c i>l'
[00 ncv' cntr!cs pcr tiionth.

The nun!hcr  >f unique, useful salmonid bib[i<>graphics that ma! bc or<sited thriiugh searches
ot thc Aquaculture D<lta Base I's prac I»a[Is <lit[I>i!i cd. IJy August 1983. 3 [0 of appros!mately
10, XXI di>cunie»ts described in the da a base concerned the culture of coho s tlrii<>11.  !!i«'>
rli!!i<i>«ski tt<r lt: I v'«rc about chinook salt»ot!, On«>r'Av!!<'htz«rslici» i!>< i><i; 109;ihou !ock-
cvc !alii!i!n,  !rl«'>! I!y I!<'/t««!ie> l u; 197 on A [antic salmi!n, Salina snl<ir, and 743 c<>n< > riled
culture of  h» trout S<tlm<! <,<tird!>eri

The T[tning of Ovulation and Stripping and Their Fffects on the Rates of Fertilization.
Eying. Hatching and Swim-up in the Rainbow Trout,  Safmo gnirdneril
J. R. C. Springatc. N, Bromagc, and J. [.Ilio t. L niscrsit! <!f Aston. Birn!in ham, I;i!i «d King-
 h Ii !'I

H< ifai»'s rainbow  rou  fariners w ith only 40';< of' Ihc!r cgg>s surs ivin.;is sg> Ii v. iiccd 70.
I0 I million eggs p a. to sa isf! the annual requirements of lhe  able lish producers. AI hough  h<.'
eggs are ovulated under condition~ of in ensivc culture they arc not ovipositcd and rc»i;iin iii thc
body cavi y t!ntil  hcy arc ar ificially stripped. Dur>ng this tii»c;t process t!f ripening <>< curs and
thus  hc  iming  if stopping in relation to ovula ion is likely to have profound cfl cts <. n  hc
subsequent s iability of  hc cgg. Corrcc   i!ning ol'~tripping may enahl«signifi< an  i»il>r<» «ments
to hc made in  hc nuiiihers of «gg! which can he fertilized.

In this study eight female rainbov, trout. inain ained in l0 C w<i «r v ei!e «x<iniiiied daily
un !l mature os a could hc n!;in»ally strippcd Ironi ther»  day 0! From this day on!sard appro><i-
n'« cls 100 eggs werc stripped from «ach fish cs>cry other day I'or three weeks Lg>gi fi<>ni «itch
~tripping v,crc suhdividcd I'or I'«rtilira ton. eving, hatching and sv in!-t!p r tfe deter»!i>tati !ns,;!s
veil as for wc  an<1 dry weight and other analyses. I tich batch of eggs was f«r i[ireful v i h  h« <nil 
of  wo males. Bk!od samples w>crc tak«n at each s ripping fi!i s itellogenin and !toro!d;inalyscs.

'I'he results show that the four dcvclopmen a[ s ages arc closely correlated, <i!ld  ll<l  pa<>i
fcrtiliza ion rates are lol[ov, vd hy reduced success;i  ea«h i!I the subscqueri  develop<»cntal hur-
dle!. Thc tii»ing»I stripping and lertilization after the eggs have bccn released in o th» <ihd irni-
nal cavity is an all iniportan  determinant ol «gg tmd fry survivals Mavin!ttr» i»<iductis it! is
shown to hc achi«vcd <shen  h«eggs are fettilized 0 days af er they arc ovulated. !>V,ts ~ iii which
 his tiining can be exploited commercially arc discussed.

Environment and Genetics Shapes Evolution".
Abe Vanderh<irst. Salmon Troller, Isfanaimo. British Co[un!bia. Canada

Can it be said that Environment plus Gcnc ics will shape  hc Es<>lution <>I i sp«c<e> and  hus
that  hc "Oregon problem" will con inue and be felt el !«v, here? In the trol I fishers or»hc t>Vest
 'oast of Vancouser Island a difference in size bctwccn marked hatchcrv coho and uni»;irI cd an<1
marked "wild coho" w;is not«d.

For at least four ! ears running I [979  o I 982 inclusive! <idipose lin clipped «olla s ilm<>n
v,cic always found Io bc much»iore prevalent v,'h«n fishing i!>1 >»1!it[I coho than when fishing <>n
large c<>ho regardlt.ss»f tin!e of season. Work no ing the re[a ive size ot'all t;iggcd  is[i c iught
and fin<ling their ongin was <Jonc lt appe,ired  ha  bitt«hery fish from morc tee«n fy c<>nstiuctcd
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hatcheries  mainly Canadianl were larger than fish froin older hatcheries  mainly American!.
Research and other literature were obtained to tind if this had been appreciated hy anyone

else. Ha chery techniques of attempting to gct excellent immediate return~ were looked a , The
creation by hatcherie~ of large numbers of jacks with the culling out of these jacks is suspected
and questioned.

Overall with thc manipulation of the salmon's carly life environment by hatcheries such as
the use of rapid growth feeds and tctnperatures, the salmon are evolving into a lesser species.

TUESDAY EVENING I November l983
7:30 to 9:00
Idyl wood/Mary moor

ROUNDTABLE DISCUSSIONS

Brian Alee, Prince William Sound Regional Aquaculture Corporation, C.'ordova. AK
Rolland Blllard, Laboratoirc dc Physiologic des Poisson. Institut National de Ia Recherche
Agronomique, Jouy-en-Josas, France
Edward Brauer, Domsea Farms. Inc., Bremcrton, WA
I.. W. Crim, Memorial University of Newfoundland, St. John' s. Canada
Walton W. Dlckhoff, University of Washington, Seattle, WA
Graham Gall, University of California-Davis, Davi~, CA
Ronald W. Hardy, University of Washington and National Marine Fisheries Service
Lee Harrell, National Marine Fisheries Service, Manchester, WA
William K. Hershberger, University of Washington, Seattle, WA
David Higgs, Department of Fisherics and Oceans, West Vancouver. B.C., Canada
Bill Hopley, Washington Department of Fisheries, Olympia, WA
George A. Hunter, Departinent of Fisheries and Oceans, West Vancouver. B.C., Canada
Robert N. Iwamoto, University of Washington. Seattle, Wa
James Lannan, Oregon State University, Newport, Or
Conrad Mahnken, National Marine Fisheries Service, Manchester, WA

William McNell, Oregon Aqua Foods, Springfield, Or
F. K. Sandercock, Department of Fisheries and Oceans, Vancouver, B.C., Canada
Stacia Sower, University of New Hampshire, Durham, NH
Gary H. Thorgaard, Washington State University, Pullman, WA
J. E. Thorpe, Department of Agriculture and Fisheries for Scotland, Pitlochry, Perthshire,
Fred Utter, National Marine Fisheries Service, Seattle, WA

DISC.USSION LEADERS

The roundtablc discussions will be based on  hc bene its and limitations of current research re-
sults applied to salrnonid production. Research areas in salmonid reproduction requiring further
identification and definition will be discussed. Spec ihc topics include:

Precocious maturation
~ Sex reversal
~ Dietary rcquircmen s of captive broodstocks
~ Genetic studies in reproduction
~ Temperature and photoperiiid effects on maturation

Questions that have been raised include:
Induced ovulation, sex control, and environmental manipulation. What arc the effects on the
growth, physiological development, migratory behavior, and reproductive status of iesultant
progeny'? Are one or a fcw generations of monitoring effects sufhcient justification for the pro-
duction-scale application" .Should the criteria for production-scale application be adjusted for
captive vs ocean-going broodstock?
Genetics and reproduction.   I ! Gamete banks � Have we sufficiently demonstrated that gamete
banks are an effective tneans of preserving the genetic uniqueness of endangered strains.' How
can we be reasonably assured that genoine changes in captive broodstock supplying. progeny for
enhancement are minimized? �! Chrotnosomal manipulation � What may be the iinplication of
co-mingling of polyploid individuals and gynogenetic females with "nottnal" diploid fish?
Nutrition. Diet is a crucial aspect of the production of satmonid broodstocks, yet the dietary
requirements for larger, maturing salmonids are not fully known. What are the et'lecis ot differ-
ent diets on maturation, development, discase and growth? How do dietary deficiencies affect
other physiological or endocrinological research resu Its?
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WEDNESDAY

MORNING
2 November 1983
8.
  o 12:16
Idylwood! Marymnor

I :30 Sex Conlrol in Pacific Salmon: Implications for Aquaculture and Resource
Enhancement
Edward M. Dn»aldsnn and Cieorgc Hunter. Department of Fishcrics and Occa»s. + csi
Vancouver, Canada

ENDOCRINOLOG Y

Chairman
hdward M. Donaldson
I isheries Research Branch
l>epartmen  nf F<sherics and Oceans
W'est Vancouver. British Columbia, Canada

The recent development ot'horrnonaland h<iri»n»al genetic tech»iques for scx cn»trol in
Pacific salm<in has widened the range ol management s ra egics availablc  o safm<in culturis s
and fisherics managers.

For salmonids thcrc are tv'o ba~ic strategics: the production of fernale stocks and ihe
produc ion of s crilc stocks. For  he aquaculturist  hc production of females elimi»ates pr<ibfcms
associa cd v. ith prec<icinus maturity i» males and reduces  hc space required for holding
hrnodstock. For resource enhancement  hc fcinalc has a higher value where the nvaiy» valued
separately, precocious ma uratinn is eliminated and a larger egg take can be obtained 1'rom a
given hatchery escapemen . This latter aspect is par icularly relevant to thc enhancement nf
endangered s ncks such as thc chinook.

Sterile production is also of benefit to the aquacufturist as sterile fish by dcfinitio» d<i n<it
<lndcrgo sexual maturation and the associated Inss nf inarket acceptance. Sterile fish also prcsen 
significant options for lisheries manage»<en . Specifically wc have shown that s crife nsh do no 
undergo an anadromous migration but remain in  hc fishery and con i»ue t<i gr<iv,. I hus the
production of sterile fish is a mea»s of redistributing fish froin fisheries nf low value t« lishcrics
of high value. i,e.. frnni terminal harvest to ocean harvest,

ff:50 Reproductive Activity of a Twice-Annuallv Spawning Strain of Rainbow Trout
Ka sumi Aida, Shnv, W. Lnu, lsao Hanyu, Uiniversity of Tokyo; Ki> oshi Sakai, Minnru No.
 nura, Tokyo University of l=isheries; Mikio Tanaka. Shirii Tazaki. F:ishcries I.ahnrat<iry nf Sai-
tama Prefecture. Japan

9;OS I'.ndocrine and Ovarian Changes in Three Strains of Rainbow Trout Subjected fo
Both Constant and Seasonally Changing Pbotnperiods
J, A, K, Fllint . N Bromage, J. Springate. U»ivcrsit> nf Aston. Birr»ingha»i, 1 riiied Kingdom

Although it is ultimately  hc cnvironmcnt a»d»aire fiat icularf> the ph<itopcriod  fia  is in-
volved in the over<ill control of rcproducti<in in trout, it i» nnv, v,clf recognised that i » changes
in thc hormonal milieu that directly ciin rnl the sequence and timing <i  the differcn  pluses nf

A strain vf rainbow trout which breeds twice a >car was found at Kumagaya Brunch ol
Fishcrics laboratory of Saitania Prcfcc urc. At prese»t after several selecti<iiis. almost,ill f'ernales
nf the strai» ovulate in the ordinary breeding season from Novcinbcr to Januar> and 6 ! � 70"< of
the females ovulate again in another brccding season from April tn July. It is still u»ceixai<i why
this strain can breed at intervals of abnu  six innnths under alrnos  constant temperatures and
natural photoperiods. In this investigation. wc s udied the endocrine background <if reproductive
activitv of this s ruin.

Ninety four females which ovulate in Nnvcmbcr. v;crc tagged. Blno<l <md a pi< ce <it' ovary
were repeatedly sampled Ior a > car. Ovulation occurred from April i<i Jul>  F2.3<!F   oui of 77
females and fror» November  o January in 59  96.7 /<! out of 61 f'emales s< hich sur<»c<f

In 4g females which ovulated from April to July, plasma estradiol-17I>  E ! beg<i» to in-
crease in January. attaining hiehest values from March tn May. From January to Mar< h pl is<»a
GTH of these fish was significantly higher than that <if the females which failed i» s itellngenesis
in spring On the other hand, in the n<in-vitelfngcnic females. plasma E, and GTH sh<iw ed small
increase froni January  o February. but decreased in March. I cng he»i»g <1a> le»g h i» spring
probably inhibited GTH secreti<i» in this group, hut »oi in the fish which had already started  hc
vite llngcncsis b> the critical period in spring.

In almost allfcmales, synchronous incrcasc of plasma F.. v:as induced m Jul>, pr<~babf> by
shortening day length. B. attained highest values in October and ovulation synchrnr'i<i»+1>' oc-
curred in Decemher.

Nnw i» Japan.  he spav ning ofrainbow trnut mainly occurs from Scptcmbcr t<i N iron<her
as a result of the repeated sclcc ion <if'carl> spav, ners. 'I he sclcc ion is prnhiihly responsible for
this  wice-annually spawning strain of rainhnw trout.
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ovarian  !eve loni>>cnt and matura in» such that spawning i!ccurs at the >i iost pr<!p>~i<!us time ot
se<>r. Howevci'. fc>v stud>«s b iv« it>s«st>g<>tc f wh«ther thc spasvnin separation sb i«n hs diftl
cnt strains ot' siilii»!nids me d<>e to a response to photopcriod cucs <il dit'I«re>it Icn 'tli <i>' to a
n»i<lificat ion in thc cndocrii>c control 'I hc pres«i>t studv investigates this quest>o» I!< co»>pi>ri»g
thc «ndocrinolo ic,il <>nd histi!l<!gtcal dc «lopr!!cnt ot three strains i!t rai»how tr<»it sub!ected to
>hi'«« ty pes i!f s<.'iso>i<>la>id constant photop«ri<i l rcgi>1!c.

1 hc three strains us«d in this stu<fy v «rc: Caribou   November papaw riiii !. Gi ar»p>.m t Dc
cc»ibei ! and '6'hitehrooh < January i. Over a period <if 2II n»!nths the sam« groups ot fish v «rc
subjected to thc I'of low ing three photi!period cyc l«s.
t I ! f onstant l<ing days   I IIL6D >, I'olio«cd bs ii dir««t switch to short days on .Iunc ' 1st

! A compr«ss«<l 6 ii>ontli seasonal photopcriod
I 3! <!< normal I ' rn<inth s«asonal photopcriod. 6 nionths out ot' phase
Groups of fish trom each sti >»n werc bi<i<id saniplcd regularly and serum,»say«<I f< i «stri!nc,
«stri>diol- 1 7'�. t«st<isteronc. vitcl]ogcnin and cal«>ui». Fish  ron! the sai»  sf»eh  !s«rc sacrihccd
fol i>i stological analysis of thc »var  iind f'iir determinati<ins of G!SI. HSI and m«iin oi!cy t«di;ii»-
«ter. 'I'hc phot»per»!d was provided hy I!ourcsccnt lighting «<introllcd hv;i "0-hour t i>neck!<. h
and water temperature   If>"C »;nd tccdi»g t 0. S«i bv ! kept c<instant.
f Ind«r al! phot»period cycles 1'cmal< fish ot'thc thrc«stra>ns sho  cd similar sc fu ness of «nd<i
erin  changes and ovarian <l«veliipni«»t. Hov cscr, the spawning id  ntitv i!t ih« thr««s> r;iins ss as
rn»inta>ned un�«r al! rcgirncs. although the lin!ing of thc speed of alt;iini»cnt <if the   ai!Ous
serum profiles v as «let>rfy mi!di tied to ac  ount for thc percc>vcd dilTcrcnccs in sp:>«» i»g ti i»e.
Initi;if inc>'eases ln si:I U>11 level  of estrone;ind estradiol-17$ !vere fi!! Iov «<I hy incr« iscs in vttcl-
Iogcnin. calcium a»d test<is>«ron«. Sii»iliir, altbi!ugh niuch reduced, cha»gcs w«rc i! I!s«r  cd in
imiiuiturc fish ol <inc strain at a time i!f year suggest>vc ot'ti practi c or  !un»»y run onc year
before the lirst spa  ning. as a rch«arsal for full i «pr<iduct ice develop>non>.
These data demonstrate th;it different strains tnaintain their scpartitc sp;iivnirig tinie< bs respond-
ing dtffercnt i»fly to photopcriodic «ucs rather thai> hv any m idification of' their ci»fo«rinc con-
trol. Col! cclis«Is the responses suggest that thc difterent strains respond to differ«I'il i>uii!bcr's of
daili photoperi<!dic stimulations. rather than photopcr>od>c cues of differ«nt lengths

9: off Is the Poor Survival of Lake Erie C oho Saltnon Kgf;s Due to Nutritional I!efi<'iency of
the Eggs or to Endocrine Dysfunction in the Adult".
3. F. Lcatherland and P. F. Morrison, l>niv«> s>ty ol' Guelph: and R. A. S instcgai d. !I< M;istcr
Unis crsitv. Hai»ilton, Ontario. C'anada

Coho s,ili»i!n I f2!>< oi f>v!>< h»< f >iuti I» secre introduced into thc Gr«iit I.ahcs in the earl>
196f!'s from stock originating in «ithcr  !regon I Lakes Michigan. Ontario. Superior,ind I:riel i!r
British Colui»bia   L ikc Ontai iol. In addit!on to the thyroid ncoplasiii e!;hih>ted t<».<ry inc dc-
grc«s hy Great Lakes coho salmon, consider»hlc inl«rlahe s ariat ion v. as noted in thc sur»s al iif
«ggs to thc fry stag« In order to determin«v hethcr this apparent >ntcrl;ih«d>ft'<.r«n« in survival
could he attributed t<i differences in s at«r c<inditions hush> n frs r»ethods. ctc. at thc diffcrcnt
hatcheries. coho s;>1m<iii eggs werc co! le«ted during the peak rnigratu!n of !alii!» ii t r<!ni Lakes
 !nt<>rio >Oregi!i! and British Columbia stock!, Eric and Michiga». I'hey   'crc I'cr>i1>zcd, har-
dened in th» local river seater anil transported to thc I 'niversity of Guclph to h«r 'a> «d und ir
sti n l >rd>we<I conditions. Survival to hatch v:as 7 J'/c, ff6'7r 7! 'A-. and -I',< for cg < from Lake
Ont <rii! Oregoli stock. Lake Ontario Br>t>sh Coh>i»bia stock. La};c Vlichigan and F;> h« I nc
salnion, r«spectivcly . J'hc se data generally »grec with thc survival s ilu«s obtained I.s thc diff'er-
ont hatcheries. and suggest that thc l<>w survival <if «ggs from Lak» 1!ric salmon is intrir>sic and
not duc to hatch«ry  <>«tots. i h>s is supportedb  thc observation th;it «ggs fro!»»».>!I l.ahc Eric
I<:»>ales shov;cd a low'er survival f9 r< ! th;in eggs taken from larger I'ei>tales t 6 '< i I otal lip! l.
triglyceride, phospho lipid and pr<itein content  sere similar in eggs I'rom tb» I iui sources ol'
saliium, suggesting that thc poor survis al of' thc eggs w as ni!t related t<i nutn  ion»i d«fi«icnc>
How'ever. diffcrcnc«s in scruii> gonadotropin, 17I!-estradiol and test ist«riin« lcv«1 in s,il»>on
frun> d>f fcrenl Great I a h«s suggest that thc high morta!its of' thc Lake I:,r>c eggs hei«ceil fer-
tilization and hatch mas bc related either to ii dist»i>ction in steroid secret>oil or,'I» «I!harl«ed
catabolism of' yon id;il steroids.

9.36 C.onfrihution of Ocean Released Sterile  'oho fo the Ootnrnercial and Sp<irts I'isheri
George Hunter an l F-.dv ard M. I>onaldso», Depart>»cot ot' Fishcri«s ii»d t lccans. !'!' 'st Vancou-
ver. Canada

This cxpcril>!«lit ss as d«slgi!col t<i detcrmin«v, i!ether sterile coho s,ili»i!n r«I« >i«d tr<!»> a
pr<i<lucti»n hutcher> would rcrnain in th«. ic«an i «h« tll>ic  lf the i!<!r>i>al an;>dr»mous ii!igri>ti<in,
rcmiiin accessible t<! the comme>«iiil an<I r«creational fishcrics ar>d contin»c tii <i!«bes'ond th«
Ili!l iilal t>11!C  !f  h'atb.
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Approxiinat»ly 39, KXI »oh<!, administered a sierilixing androgen ireati»cnl in the s!!r>»g of
1979 were r»arked wi h coded w>re tag s and released in the spring of 1980. Contribution to both
thc rccrc i iona! and commercial  ishcrics lroni 19!!0-19 � has been monitor»el s m th»  I~ id Re-
cos cry Progran>. N<i sterile fish have rctur»cd t» th» h<tt»hery. Thcsc lish have hov c< ci t>e»>a>ncd
in coast'>I v'a crs tind have contribuied t» hoth fish»ries iti rates compar,'>hie io norm;<I pi<!sf<I»lion
 ish. Further. the lish have coritinued to grov throughou  their pr»longe<! o<'eilli >est<!< iicc. Dafa
v ill be presented o» thc spatial and temporal distribu ion of' the catch.

9:50 Coffee Break

BROODS I'OCK s<1ANACL! ML!N'I'
ANIJ Hl<SHANIJRY

10: I 5 Broodstoek h1anagement and Ilusbandry: The Challenge
I <iuren R. I!o»i>!<Iso», L'niversity of 'washington, Sctittl<.

For millions ol' years thc s;tfmonid fishes have hccn rcprotlucing suc<essftilly»>  h< ieri>pe!-
ate «atcra of thc no>ther» hemisphere. Thc morc than sixts species and coun less nunihc r ot
r tclal stocks should he n>ore than a<fe<I» ite proot that the fish ''I now h<!w to 0»  heir ihlii

ln n>y collection of hooks on early tish culture is a delightful little volunic, f'rn< tfi«il 7! <!t<r
C<d »r<' hy J, H Slack. Vl I! . puhlished in l>�2. the sai»e year lhe first s<ilr»<m h<tlcliciy tv<is
put into operation on the McCloud River. Calilornia. Dr. Slack lecords the earls attcin}'! s t<'
understand thc reproduction of  ishcs. Onc story is particularly intriguing. It inv»lscs a I-rer>ch-
n>an nan>cd Joseph Rcmv.

Rem! «as a hshcrman «ho gained his livclih<»!d hy thc capture ol' troui iii tli:
strcai»s of thc Vorgca Mountain~. Hc noticed v ith rcgrct thc rapid disappear»no» !I'his
 ;is<!rite fishes. an<! betiig.  hough uncduc;> cd and ignoritn , >et<>», t.'i>»igelic, '<»i<l p<.'Is»l-
vering. devoted himself' for act eral sears t<> the study of their habi s, cspecialls during thc
spa«»1>ig se'>i<!n 'I hc exccssisc dniught during thc sumri>»r of I X4 f'a<»re<! his»ivcsti-
gations. It was. of course. impossible for onc n>an to kccp a c»ns ant «yc upon a .< hool of
 ishcs; nature v ould den>and rest. Remy therefore assoc>a cd v, ith him a tascrn-1»»per
nai»ed Oekin, v, ho alternated with hiin in his observations So earnes ! v «ei>c ih< sc pur-
sued. thar in onc instance, during  hc full of the moon, a school of  rout !< <is kept < o»-
st<m ly in vic« for four consecutive days imd»igh s. 'I hc result «<ts  hc <fisc<iver< !f  he
process of reproduction, which they at once put into practice. Thc results ot their < observa-
tions v,ere kepi se»ret un >1  848 when thev «ere reported on hs <i Dr. Has». R»i!is hc-
carne at once a celebrity: he was mvitcd to Paris. and the fishcrn>an, hut a fcv n>o»ths
Previous u terly unkno«n, v;as an hor»!re<  gues  ai ihe labfc of ihc pres>dcn  <i  ih»

Republic.
Here v e are assenibled. 141 sears after Ren>y niade his great d>scovery.  rying to ui!dcr-

s and thc my» cry of aalmonid reproduc ion. Either Rerns 'a claim io fame v <is grciiily es;ig cr-
ated or salmonid reproduction is rn»ch morc complic;tl»d th'tn r»<tns h'i<  <tss»»ie<l.

ln this,  hc final scssion ol' this symposiuin on Broodstock  Managemcn  a»sf Husl!a»dry, v c
1»usl iry to lake advaiitagc. I>»i ol>ly of d>»cove ics of Rci»s', f!U  ol thc tf»!us'tn<fs <<h< h<tve
«orked in this area � including thc papers and informative posters of this symposium- �  i! pro.
duce n>oie "higger and hetter"  ish

Chal rman
Laurcn R. I!on<>ldson
L'»iv»rsity of 'hash>»gton
Seattle. vVashing on

The historical developmei!  �975 �  9IIBI of the Por  San.luau pink salnion ha ch<'r was
described bv Kerns in  9 �. Thc initial design involved broodstock heing held in floating ncl
pens in ~»! water a  salini ies of '0 � � gms.' I. 'I'his approach resulted in sig»i ticant prcsp;iv, ning
ntortality and lov, cgg viabilitv.

%1odificat<ons each succccdi»g year have i»sullcd in incrcascd suivival <It>ring m,tltiritlit!»
and improved cgg viability. Thc present system incorporates volitional immigration f'rom sal v,a-
ter  <> freshwater durmg the matur<it>i!n pr<!cess Da a «ill bc prcsen ed which sui>!n>,»>!c niiilu
ra ion sursivaL egg siabili y and environmental parameters for eigh  specitic brood years Bas»d
»I»!n this cxpcricncc.;> ma ura i<m pr<igran> and I';>cility design « il! h» pr»pose<! lo! ii ' !ii mil
lion pink and I XJ-million chuni salm<!n cgg capacity ha chc>w in Prince William Soun<l.

10:35 Successful f!evelopment of a Pink Salmon Broodstock liushandry Program and Fa.
ciiity Oeaign at Port San Juanin Prince William Sound, Alaska
Brian Alice, Prince % illian> Sound Regional A<I»ac»It»re Coopera ive. Corti»»a. AI<>sI .t
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I f50 Maturation Success of Pink «nd Coho Salmon Held l;nder Three Salinity Regimes
Alex C, Wcrthcinicr, Auke Bay Laboratory, National Mariiic Fisheries Service. Aukc Hay,
Alaska

Adult pinl' and coho salmon werc held in  reshwa er, scav «ter t'.I  � 32 ppt i, and cstuaruic
�4 � 31 ppt, << ith a lover salini y surface lensl cnvironmcn s to determine the c fccts of  hcse
salirli y regimes <in survival to spawning a<id gamete s iability. Thc salrn<in were c ap ured a  lirst
Ln ry to I'reshv a cr or in the estuars and held un il they <vere judged fully mature <ir had <hed.
Gamete viability was delcnnincdbv individual rnaiings between and within holdingenviron-
ments. Bio<id and gonadal l!uid samples were taken at spa<<ning  or osriiolality and potassium
analysis.

Maturation success. in terr<is of both survival to spawning and gainete viabili y, was signifi-
cantly reduced liar both species of fish held in seawater relative to  hose held in  reshwatcr. ThE
presence uf  he lov salinity lens in  hc es uarine holding cnvironinent elimina ed or moderated
the detriinental eftccts ol seawater ma uration. For pink salinon. there <vas no <lif crcncc in sur-
vival or garne e viabili y hctwccn tish held in frcshwa cr and cstuarinc cnvir<inuien s. For coho
salmon. fish held in thc estuarine and seawater environments had sienihc<intly lo<vcr survival and
gamete viahili y than those held in freshwa cr. bu  tish held in the estuarine eris in>nrnen  had
signitican l> higher survival to spawning then  hose held in scav,«ter. Both ma crnal and paternal
cf'tecis contributed to reduced gamete viabili y

Higher average lcvcls of blood and gonadal fiuid osmolality and potassimu werc associated
with  hc groups of brood lish that had lower average gamete viability. Howcvci, c«rrelations
between gamete viability of individual nia ings and osrnolality or p<itassiurn levels of  hc parents
werc poor.

I I:05 Deseloprneni of an Arctic Charr  Salvefinus aIpirtus! Broodstock
M. H. Papst and G, E. Hopky, Dcp <i ment of Fishcrics and Oceans, Winnipeg. Manitoba, Can-
ada

Thc resul s of preliminary experiments in the development of a ha cher> br<«id stock ol'
arctic charr..S<ilvelirtus «Ipiru«. arc described. Thc successful cul urc of arctic uharr in a pilot
commercial trcshssater sys em and the diflicul ies in oh aining spav n froin the wild have made
the development of such a brood stock essential, The al crna e usc <if warm �3 'Ci and cold
�.0'C! water, brought a group of charr  o maturity in four years, cornparcd to tcn io eighteen
year~ f' or na uralstocks. Ma urc females were significantly sinaller  hi<n those <ibscrved in thc
wild. Mature males werc larger than females but smaller then »nature male~ obser<cd in  he wikl.
'I'he observed 1.769 eggs per tbrnalc w;is loN»r than the mean 4.781 «bserved in the wild s ocl
and thc mean egg diameter of 4.9 inm was less than the 5.1 mm reported for thc <vild stock. The
observed ma urity index of I I.4'r< was only slightly less than thc 12, Ho< reported  <ir mature
females in thc natural s ock. Mortality in eggs prior to cycing was 75 "< in the cul urcd group,
co<up«red v ith 12</< for  he parental stock ob ained as eggs froni the v, ild and incubated under
 he same conditions. I imc  o hatching was similar for both group~. Examination of dead eggs
revealed a signilicant number of unfertilized eggs in some <if the spawned groups. while other~
exhibited the majority ol mortali ies in the cleavage and embryo s ages Survnal ind growth ol
clcuthcrocrrihryo, alevin and fry werc comparable with those of stocks obtained  rom the: wild.
'I he occurrence of precocious ma uri y ainong intensively rcarcd s ocks was observed. Factors
contributing to the po<ir survival of hatchery spawned arc ic charr eggs and current cul ure cxper-
nnents are discussed.

I I:20 Breeding Guidelines for Abating Inadvertent Genetic Chang» in Tr<iut Hatchery
Brood Stocks
S. R. Phelps. W. B. Schill, R. C. Sinion. U.S. I'ish and Wildlife Service. Kearf<cysvillc. West
Virg<ma

'I hc importance of maintaining genetic variation in brood stocks is bcciinimg well recog-
nized as a kc> factor for successful salmonid husbandry. However, our research indicates that
 he loss ul' genetic variation in brood s ocks is often rapid, resuhing in inbreeding levels corre-
lated v;ith a decrease in lish performance in only a few generations. 'I'his rapid loss of gene ic
vari« ion is mainly inadvertent and is caused by genetic drift. Inadvertent loss»t genetic varia-
tion has to bc minimized so  hut the availablc genetic variation can hc used  o produce selective
gain and/or remain in thc brood stock.

Rcccn  recoinmcndat ion s of thc numbers of brood stock lish  o usc I'<ir breeding to obtain an
acceptable rale <>f genetic drift in brood s ocks are based on idealized breeding c<»iditions and arc
not directly applicable to lish culture operations. Wc have used popula ion genetic data t'rom
irou  ha chcrv brood stocks. test mating. «nd compu cr simulations ui determine practical brood
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stock spawning procedure~ and developed guidelines compatible with fish culture operations to
minimize inadvertent loss of genetic variation.

The number of breeding adult~ needed to maintain an acceptable rate of genetic change
depends on thc type of breeding methods used and the amount of gcnctic variation  n the brood
stock, We tound two breeding me hiids, pair mating and an egg pooling procedure, to be effec-
tive in reducing the loss of genetic variation. Population genetic data from several trout strains
have indicated genetic differences between various lots taken throughout the spawning season
and also year to year variation. Thus. hsh for the next brood stock generation have to be  akcn
throughout the spawning cycle. Crossing generations wilt reduce year  o year variabili y. By
taking the necessary s eps to minimize inadvcrtcnt genetic change in a brood stock. thc fish
culturist need not bc concerned with inbreeding from mating closely related individuals.

SYMPOSIUM WRAP UP 11:35 Final Comments
Robert lwamoto, University of Washington, Seattle, and Stacia Sower. University of New
Hampshire, Durham


