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by
K.R. Allen

In 1966 the Director of the Nanolmo Diclogical Station was n.uud
by thw Flaberles requiavd
provide a basis f¢

the

nade by the application of ..xunq techniques. The report prepared by the

Nazales Biological Station wes presented to the Mastarn mxmy Ceemittee at

150 (11 sortiag Ta, 1966, . Sinco Ths #eport wes o doswmant, for’ iamoidaration

by the Mestarn Mvisary Comitiee sad Ua Board, 3 ves not mede gensrally

wallshie ot thet tina. IL cmeMitutas, bauevor, prebably the mook damped

and coaprohensive summary hich has yet been prepared of Our presest s Sotate:

of Maaciodpe of these aepests of the Melew of M1 five masies of Puslile
e which ceuld be Televant to the enhancesent of populstioas. 1t the;

m- CoMalne 2 grest deel O aiteriat which s vum- In U development of

aad 3n nle

0
 purpote wiuld be lnemnl byukm. it -on generally ac
I\lh mll end In view it s now being included in the Manuscript IDW“ Serl

The main dady of the report coasists of four sectiens, each dealing
with com species of salmon (codo msd chinock are cansidered together for thln
pupou). Each of these sections was prepared by » mesber of the Station's

t who - At @i fferent u-n

renearch we
prepared by the then cuzrent Hmtln of the Sanalso M“loﬁ- Pre U-Aa Larkin
and Or. W.E. Ricker. S5ince these summaries were written from someshat differ-
ont viewpoints, and with seme difference in eophasls, 1t seens useful that
they &h0uld both be available. They Rave, therefore, been Included in the
Mossscrlpt Rupert as wectlons VI aed Vi1, respectively. From those two
reviews, certain cemmoa points stand out clearly. The first is, of course,
the meed for Centisued basic Tesearch on a wide rasgo of problems relevant to
the srhancement of stocks, Helated to this is the fact ThIt the specie
salaon differ sufficlently in their life history, envicomental modl
patters of expioltation to reguire individual study, aithough, In nany sreas,
basic studle: -ul provide 3 ml-' point for -ut in snother.
Alse evident 13 thw hnrnnu
o l-u ln practice the effect -u practical pomiuun of technigues
soppested by experimental studies. Such field n’"lnm ney be expected,
of eounc. to ralse, in torn, further problems in dasic bielogy.

n the two years since this report -n -znun. o mmber of develop~
wests have ooouETedy WM 10 S5 Anouieane of ini1tties of entancisg
salxon stocks and in the Tesearch —u e Ranaine Welogical Station:
In Wb former cateqory the cooperstive stufies by the United States and Canada
on the evaluation of the U.S. cobo and chitook hatcheries have shown that




mmuu mlmlﬂl 0 the t.“hl of these species in the waters adjacent
Washington and #0 Be C. are being made. At I.bl- Lake, ‘thﬁtlﬂe
ndhl mlﬂ I1 the limlltt Research Board and the it o
the Fulten River spawning chantels m pro-

Fisher! strated that

Ou:ln' the mumm qu\tlun of sockeye fry and that, st lesst up to the
tine of departure frem the leke, they sppear to be as viable as maturally
produced fry.

At the Nasalse Bislogical Station s mmber of the progremmes suggested
in the regart have been put ist0 effect: These include oew studies o salnon
genetics and salnon, e productive
capactty of strease for cobo salmon, uu-«m 11810 1010 heve 3150 been
saugurated te deternine the wurvival in the ses of pink salmen fry produced by
— uw.q techalgues based oo earlier stwdies of the behaviour and ecviron=
mental Tequizenents of developing fry.
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1. INTRODUCT 30N

by
7.A. Larkin

Thda report hax bosn pespared by the taff of the Fistwries Bevesrch
Hosed's Bislegical Station at Manaime, roaue the Deputy Minletes of
Fisharien ana the Chatrmen of the Fiaherios Meencreh Boardr 18 13 concorned
with the firet partion of the follewing terme of referscce ahich were tecome
marded by the Bestern Advisory Commitiee of the Board

1. The Committee m that a npﬂ be prepared sumnarily mnnlnq
\-h' state of the ezt o
areas of lmn and :p.c'!yng prograns of Iesearch mxn

vAll reduce those aress and lesd 1o the development of the ability to
erbance thase populati:

2. The Committee [sumpmiria thel & special commlttee be established
Inclodiog o resrematative of the Sensleo Station of the Fisherly
Besaezch Board and & sepcosantative of Uin Dopirimeat of Pleberle
Packfic Ares, 10 exsnize #ad 1wport on the extent to whlch the salson
Tetiree Son be tbunved hrouh. wpileution of Vorhabeise 44 prosent
avalladle and the appreximate capital required for the program emvis-
aped, a0d a0 approximste timesteble.

3. The Committes further zscomends that the Depastmest of Lconcmics of
the University of British Colusbin be invited 10 werk with the Special
Committee in sscesalng the ecomcmic aspects of varicus possible means
of Iocreasing saimea wocks

4. The Comslttes hed boped mglmlly that this seport of the Special
Committes would be M u- tise of 1ts fall neeting, tut tow
Eksommnds streogly bighest pusaible pricsity be sives to
T8 20 thet 1¢ il b SeatiobLy befave the s1os o the ttee's
spriog meeting in 19¢6.

The Teport congrises secticns an each of the five species eof salon,
ord & wwmary

A tecond Tepart coacerned with the secend portion of Ua terme of
referesce 13 being prejared by the Ressurces Divelspmest Branch of the
Dupartaant of Fisheries under the 4irectios of » committes of two = the Ares
Director of Fisheries and the Dizector of the Biolsgical Statien.

On o both reports are to be referred to economists for com=
mest s outiired in the third porticn of the temms of reforence.







The puapose of this report i to eramine vays in which the sockere
salmon resource may be enbanced and to outine productive aress of research

ally, there are three ways of ormnslu sockeye. These ares
(1) oy pmu. Sesirsble changes in geality (e.9. Llesh color, oll
content, etc.), (2) by incressing the size of lmmmu. and (3) by increase
ing the mount of surpius (Cateh) throwgh Increased production from existing
stocks or by the introduction of new omes.

These ap e the same as those followed In tht long-established
and mu-lu numvy oF 1on s0f Somedtis salbAIN: ) progress
been ot upon 8 L. measure of <.\nl of both \hv lﬂllll o its
enviromest, Dusirabie production levels = in teres of rumbars and rate = are
wchieved by regulating the size of the breediog stock and, by eaviromental
control, reducing aatural sortallty rates. Fomm, flesh quality, asd repro-
Guction and growth rates are requlsted by selective hreeding togetter with
control of food supply.

Tt can be expected that socleys erdancenent will lavolve Us
e thods. m-n application, along llu otaer means which the Mlllllllﬂﬂ of
the cockeye allow, are discussed below.

1 Besasiien of 2ieelion Aleeh Mie

s 40 0 pressquiaite for elther the effective cropping of s wile
uniaal or for the mansgemest of a cultivated ono. The breeding stock should
of & site 10 most efficlonly NPTl gl iy ey g

£y

yet well defined and presest regulatory techalques are still too gross to
provide desired oscapement levels with precislon.

Asyy erhancement which sbould procesd will require & better
measure of control 1 it 13 10 be fully effsctive, For exmples the ssckers
Sevelopment an now unjerway at Baoine Lake will Tequire ciose regulation
of the mmber of mnnmhlmmnrmunmcm ® that the
optimus mumber will be provided both the natural spawning grounds and the
artificial spmning channels Jocated there. Should these chasnels prove effect=
ive, and £ this vacholue 13 applied more gesatally, then the reote

ey demand major

sary
changes L futuze
Hmlnn -M and lltﬂq tvwhum.




2. Salssiive bresdiom

Results from selective breedirg of aninsls, including woe fistes,
reveal that a considerable potential for sockeye eshancemeat exists in this
flold. The sdvantepes galned with live stock are well recognized. For fishes,
less hll been accomplished and results are not as well known. The breeding of
carp 1s & good example of the advantages made possidle by selective bresding.
Saw “ﬂllltl of carp have been produced to meet market preferences for size,
<olor, and degree of scaliness (Hicklisg, 1962).

» wry mall amount of work hes been QM on l&“‘: salson. Mich of
he work vy whthl by Foerster
(A968). lnuln are sufficlent to desonstrate mu many crosses will produce
wisble fry and thet st least in the case of reciprocal crosses of sockeye and
chum, the hybrids are fertile.

though the Influence of heredity on particular seckeys charsc
istics i3 not well defined, past work doss suggest the amosnt of contrel

ch
may resuit frem selective breeding. Densldson (1961) clalne 1o have developed
3 "race” of fast: and early-maturing chinook salmon within a few gerera-
tHens. Mrn.r Ibid.) reviews the work of seversl Reselen workers. Paviev
reparted that chum-p! s Teturned chiefly as two-year-oids and at &
e lnul-‘lnl to pink and chus. Kamyshosls lonr‘d that pink W th-
hybrids natured at two and three years of age and showed fast growth,

saturity and excellont edible qualities. This study corroborates the nlllor
wvidence of Snirnov. Me clalmed that pink-chum hydrids exhibited » shorter
incubatien period, a more complote hatch, and more rapid larval growth than
wlther of the parents.

Rasults of chameplek hybridization studlos carried out by the Washington
State Departnent of Fisheries are susmarized in this departeent's 1964 Aaoual
Raports 1t was reported thats

(s) tybrids from chus male and plnk female crosses appeared to
Bigher fresh- and saltwater ssrvivel than nomal astificiaily mlul piakey

(8) natuze hybrids had both chum and pink charscteristicsy

{c) the bybrids matured st two and three years of age and the two-year-olds
carried more pink qualities than did the three~yeaz-olds)

(4) flesh color appoared to be a darker pick than either chum or pisk.

These results indlcate that heredity nay have a considerable influence
on sech sockeye characteristics as fomm, ﬂno color, sge at maturity,
growh and survival raves. Foerster (1933), as long 890 as 1935, recognized
the nwuu of selective hnoa-. of saleoni “Such idess mey appear entirely
imprac sionary, but the benefits derived from sech practices in the
fheld ol uﬂulwn = in nnz ad 1ivestock breedlng = cenvet be galnsald.”
Later (Fserster, 1966) he states, "As, in the spread of civiliraticn aleny cur
ivers, the wio of water for other purposes, the deterioration in 1te quality,
ad 3o forth, the corditisas for the satural propagation of salmon beccoe less
w03 1ess. Faveurahle, snd the stocks deciine, 1t ey becoes ReCessary 16




dewelops by selective cross-breeding, rew varieties shich will be able to
thrive in the changed situations and comtribute to a healthy fishery and pro-
vide o nlmuuv Food preduct®.

T sunt be pointed out that success of selective lu-llng of Jivestock
has cnly been posaible by ulnnlnl-g close contyel over animal wed I
ervirorment. Most intensely bred animals can only nvm or produce woi
under the uabrella of protection me unﬁ hen.  Dist wpplesents, h-uuq or
sheltor from the weather, diseass and predator ceatrol are only swe of the
controls usd. Selective biwedisg of sockeye, if Lt i» 1o be fully sffective,
must go hand in hand with appropriate emvirommental controls.

3. Enviremental contral and reuctlon of natursl pertality

Since man fizet became scaquainted with waloon he has bwen fascinated
by the fiches' groat potential for reproduction. He saw that only a very mall
parcentage Increase 1n survival of the several thousand eggs carried l-y 2
fesale could h-nu- the catch manyfold. y there hat
interest and work i uuﬂ-u mortality rates at different life stages -d in
determiaing the uuuun factors. An excellent review of this werk in
1s offored by Fﬁml {1bid.). He conciudes that the lﬁlmm mortality
are pare or Tepresentative of a typicel sockeye steck

1o Jess from potential egy deposition to entry of fay inte te lebe 0K
2. loss during lake yesidence V%
3. Joss in the ocean %

T wﬂulqdll&nﬁldullhllmm—\ﬂanuﬁul
comparable rate of mortality. Scme of the cawsal factors operatieg In fresh
-ur Save Seon ldentifled. These include extreaes in water wlny (tespera-

Te and oxygen wmm) v- quastity (freshets and extrene low flomw), over-
wwlnloﬂ of spanning beds, predation, and Inadequate foss aup.\y. % doubt
mary cassal agents remaln u be nml-‘.

So far, salmon esbascemiat projects have been Liakled Lo attemts to
contrel Factors operstive on spmning adults and through to the fry wigrant
stage (hatcheries, cificial spawning channels, and incubatisn chanmels).
In adaitlon there have been & few sxperisents and observations of incidental

events shich Lndicate the posaibility of contrel st other 1ife stiges. Melson
1 o

trodac! ans
duction of sutrients supplied lr- lmn'

Gumped 1ato the drelinage.

Forrater (101d.) describes the effect of an wxperisental peedator con=
trol progras at Cultus Lake, B. C. Me concludes that the measures applied
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Tesulted in 8 greater efficlency of wockeye productice from the standlng crop
ol-‘:lu\km in the lake and o greatar survival of ssolts and herce of returning
e

There are sany opportunities for control durlng the sockeye's streas
axt ld- stages. Here, the snlmal is falrly sccessible and some messure
Ower the stress bed, water flow and quality, and over conpeting or pre~
umn flshes is mMuuy mmo. 'n\- -nn predlen uu in determising
the kind and degres of contzol advantegeons, i
complex arinal, lm:un' dm n. cn l(nl. other fihes, .M with Lts total
ewirermort. Steps te Teduce mortality at ene point could wery onuy n-uu
18 a compensating mortality at another poimt. For example, thers is
Peason 10 xpest that reduiing the abundance of & competitor .oumun -uu
lnmu the sockeye's food supply and thus increase thelr growth and survival
Such, uy not be the tase u the compatitor alse -m a8 » butfer
mp..a-u‘num.m result could be a food
wepply but incressed predation and no '.l oeln = or even & lull = in socheye
production.

The very Linited success of hatcheries to eshance sockeys i due to our
lack of appreciation of the complexity tl u- ' situation v attempt to comtrol.
is tems of egg-to~fry sasvival, been very successful. lu-vw.
the atrormally low rate of subsequent surv! lnl of the fry that
centrels exercized resalted in a y at & later time. luum-
w1y operation, %o be ssccessful, sust wither produce fry which are in all wars

cover <ompannatiog ¥
oceurs. Thase are the goals Of CUTrent enhancesent programt. Artificial speen-
10g channwls Tepresent an sttempt 1o produce fry comparsble to the wild type
by 0 do Bt st the sese time
proviging sufficlent envireamestal control to Increase egg-to-fry survival.
Natehary eperetions tend to be woving 1n the other direction and the peried of
centrel is belng extended. The fry are ralsed to 3 later stage in hopes of
Incressed survival. The seccess of elther spprosch han yot 0 be assessed.

sbe effecta of doaloance

Major Fraser River sockeye » Are managed 00 the basis of domineace,
that 3 nllﬂﬂly Jarge run is mlbh only every fourth year, “ m(

this large popul Tl‘w 4 the abundasce of the others. The

Uies and advastages of eliminating dominsnce and having » '¢wl- yoar mry
year o0 the Fraser have been eatertained by many over the ywars.

Very Hittle :::n— s20ut this phescmeson. Althoush “domirance” is

Sevaral 1dews have boen sdvanced to account for the cyciic mturs of the Fraser
wockeye. These Include depletion of freshwater food supply by the dominant
stock and iInteraction of stocks in the sea. Retestly Ward snd larkin (154}




“lls

exanined the avallable evidence and coreluded that deminince in the Adans
River rus results from m lnuncuon of sockeyw with a predator popalstien
n the lake mursery arel

The causal factors must be clearly Jemonstrated tefore control of domi-
nance can e contidesed,

fiacusaion of progress 30 dase and future resds

Soeur eahancenent. wvjnn casried v»u tws far have attenpted to
sedice partality dusing Ue strvan phawe, of L9 wplemest ux-u-a Wocks ox
create new oses by egg and fry traasplants. An-x sixty or more mn. the
recard of achlovenent 1o a dieeal cne. There is Jittle to show for the meney
spent atd pertaps moze ingortastly, for the time spent. Transplests are peet
# hit and miss proposition (mostly miss) and wry iittle new information has
Beeti provi M by past u--uplm u lnn the chances of success. The
nearly thirty years ago.
But since u-n a-ry luun has Dnl du- u uwux the -umuu- of hatchery
procedures 30 that further progress c

The chief reasen Inx- this pon nunt un in our pre-occupation with

the flshes' large repreduction potentl W apparent sase of Lncreasing
the production rate by srtificiel hrtlllnlln and egg incubation. This has
ln to oversimplification of the mb \nl-. mm- 1egardlng the

walts. Exhancesent projects hawve gone shead malnly on & “production basis®

'll-h 1ittle o no critical and cbjective n-imle- of the yesults. Conse=
quently we have been left with 4 poor Indication of the effectiverass of any
particulas technique sad therefore with o peor dasis for ot and
development. Progress In the fiele of sockeye enhancement will depend upon &
sore rational and objective approach than thet followed in the pest.

Future work should rnuu- uan. two Linest (1) studles to eow the
wffects of eovircemental fec mon prodection so thet spgrcpriste cons
trols can be ecided spon; (2) un- of promisisg techniques followed by appli-
cation if practicable.

1 dudics of emdromental faciozi

Inchasls shovld be o0 the frestwater shese ae 1t prevides the beot
oppertunities for control. Our ignorance of ocology is vast and work

wockoye
in alaost any éisclipline would be valusble. Listed below are some pomwlur
aress of study which are considered importast at our current stage of sockeye
enhancenent,

f salace genetics. Some degree of selective breeding will be
ature of future enhancesant projects. n-ﬂu of the influence
of heredity oo sockeyr guality, growth, reproduction, and age of utuv\w are
naeded along with & leok 4t the possible advantages of cross-breeding w

othws Qocozhyachus oF othr salmonids.
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(b) Studles of m:nun and dleassn.  As sockeys managmaent 1s intecalfled,
fuller uee will be made of svaileble -"l. natural ang artificial spewsdng
grounds, and oursery AIeas. ODisease end sutritionsl probless sssoclieted with
high lm densities sust be expected. This has been » loog-time predlem in
many hataberios. As o llnl tepy 1t La suggested that a comprehensive survey
e made of the of disease and in netural
populetions.

{c) Studles of the sockeye's requirements durlng spawnlng and the egg-te-fry
stage, Resalts -—n be directly sppiicadle to Improvemoat of spawning growsds,

hatchory ope »d of artificial spawning
Attention .uml.a be glven to the q-nty of youts produced (slze,
Behaviour - all aspects which bear on survival) as well as to nusbers

In particular we need 1o know -l' about the phiyslcal conditicns end
Fish density required for sutcessful maturation and spewning bt
best gravel composition, water fiow end temperature for dewelopment. Alse
d other

1n the geavel. oy oven more
bemeficial for other life. Almost nothing is kncen of \h' role of insects
which are found nlonly assoclated with salmon eggs. act that some loml
forms carnivorous makes predation on ndm . pounulty. A bloow o
piant iive following stresm imprevemsat d Lepede flow end reduce g:ml
permestility and 2o reverse mnum lor wekeye.

(4} Stadles of dominence. The potential for incressing sockeye productien
by the control of dominance should net be overlooked. A dlirect athack en this
preblom is Studies of pr relations at Shuswsp Lake should
be carried cut to follow up ¥ard and Larkin's work. Aleo & study of the inter-
action of sackeys pepulations in the Adsms River should be initiated.

(e) Study of honing. Nore most be known about beooing before tressplanta-
$1en will te & useful tool. A study 10 determine the precise time or stage of
developeent at which "home” becoses fixed would be worthwhile. Studles of the
swchanisas Lavelved should contiose.

(1) Studles of predation. The results of the predater control ssperimeet
carried out many years g0 ot Cultus Lake Jlnuly further work. Othar seans
of sontroliing predation, besides redscing predatos abendacco, should be
explored. These could includes relessing fry into the Luke at & larger size.
cresting sockeye populations in lake aress mbare predator populstioss are
wall, providing alteraste food organisas.

2. Isatios of scoslaing techolas

Ay nore informsticn in obtalred, ieproved or new technigues of enhance-
ment will Become apparent and testing shosld procesd. Curmeatly, artificial
\piwnisg chanrwls are considered one of the most promising techalgoes.
crancels (for sockeye, pink, a0d spring) are airesdy in operatica ia B, C.
Othars are under construction or beicg plaaned. In genersi, provision for
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testing the of thase facilities apprare becavse 1n most
<ames 00 clear distinction between adult prodactisn from channels end from
reardy matural spawning grounds MI Mkely. The need for thorough eveluation
Bas Seen well by our of projects.
Without knowing the result of mnnlon- upun. there 1t 50 oppartunity for
Iaprovessnt nos rational grounds for expansion
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135, PINK SALSON

by
R.B. Parker

Pink salnon, 1lke other swcessful specles, selected, in the
course of their mlmln. lnv mlt aility to omou * puncuhr set of
ntal opportuni withatard the accompanylog set of enviren=
mertal hazerds., Thelr !!.ll(ll lml 1s & dynamic bll-" Detmeen mechanisng
which tend 1o Increase and those which tend to reduce tielir populatien oal-lv.y.
Reproductive (“lty 1z usually ”l v in the long l\ll- o m populat

in the face
vlul uunuu u the el ways becones lhllln.. preciple
tates self-regulating sousces .t -cumy which are cosgensatory in Sftect
1 <y 1 u.nuw for ax replace
part or all of the of ontrol without 111

offect. u £18010g BOTtality persists at levels in eiceds of 1his, the populs
tion will demcastrably decrease to extinction.

It is l-umlv ouml that sevezal courses of uuon aze cpen to
those seeiing to laprove the yi of pink saleon. Thew

(1) Manigulete the catch 18 replace compensatory sowrces of sortality.
This i the saxissn yleld pesition in mmbers of flsh,

(2] Maxialze the yleld In seight by fighing clowe to the critical wize.t

(3] Increass fecundity which in turn would Increase the maxisun yiels
position.

) l-o.-u n-p-nntorv ant extrapessatory ssurces of mortality, Thess
hea be replaced with H-IM mortality or compensatory
-on-llty -IIX obviate the galns,

{5) Increase the avalisble eevizomment shegs It Is limlting, l.e. the
Basis of cospensstory mortallity 1s ralsed te a hlghes populaticn
lovel.

() lumu the econemic yleld w considerations of ecenanlic
in oncesaition.

ble esharcemant are not sutwlly exclusive. Inter-
13 anticlpated.

It iy aloost certain that the 1ife cycle of pink salson Is irwarisbly of
two years duration, therefore evetr acd 0dd-year breedirg lises hawe co genetic

position, in terss of aversge aize of Individuals, swre losses
in blomsss from natural causes balacce gaine In biemase from growth of the
Sndivicuals.
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exchange and must be considered as Inciplest lw“'l~ It Is anticlpated thet
these 1ines will exhidit different
and adaptations. Each line is composed of nv-ul stocks, swally unull-i
by Un strean uﬂl for spasning. A strong homing ll"cﬂ(y ll uhno-h‘wd
amng the &
mm appears to n some c.m of wmtlc exchange mmn 3
straying 1s known to e tocks aessclated with a
area, Thersfore, Intraline varietion 1 wapected to be lews thes between iicew.

Becouse of theee prodable differences among lines, and stocks within
lnas, successtul nanspement. prectices should be tailered, shervmr possible,
%o particular stecks or grosps of stocks. Elologlcal rel
gecetalized from the partieslar areful conalder
ditferences.

sibie steak

Marloue yleld throuah preuietion of catch

Theory and principles of requistion for maslmm yl pink saleon are
gecerally recogai. In ssplicaticn, howewer, s basic rement is a ser
of cbssrvations relating nusericsl lewels of parectal and filial gerwrations.
At best one would anticipete the large number of fluctustling envircemmntal

and would cbscure & based primarily on a
alngle denally dependent sechanism of control. In practice there are few, if
any, stocks that an l«-nm with sufficlent accurecy to provide ewan such

basic to which other than
unuux fisharies xmnon the nigrating runs of partiaistar stecks bas biso
sppreciated caly recestly, ¢.9., Johnstone s fisharies on Fraser stocks,
and Milbanke and Laredo Sound fisheries on Be. * stocks.

It Is sppazent that reguletion for mexisus yleld fs In & whitl“ ll
of developmat srimarily from lack of specific information on the clrcums
Snder ShAth the Fiahesy L8 provecuted. — SIgificent opportamities are svelisole
In this sres of senageeant for sustalred fncreases In physical yleld. Thare-
fore, 5% would seenm Saperative that studies nltisted to provide mesns for
a0 accurate and contizulng sssessment of ot least nusericel catch and escapa-
sent for the majer Britleh Columbla plek salson stocks.

Griticel size

Flsbaries Reseazch Board studles have indicated that Central Ares pisk
salmos continue to grow watil they enter the enciosed cosstal waters during the

rotursing stages of llh I8 less than the growth indicating that critical
slze 13 resched only sben the flsh re-enter the lnn-l constal waters, Uncer<
tainty remains, however, for the argument 1s based upen sverage satural mortality
rates. Within the totsl natural wortality rate, calculated for the final 13-14
wonths of ses 1ife, the distributlon of mortaliny bs sot known. It Ly laportant
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to dlscover this distzibution in ordes %0 schiews Lhe maxiuun weight por wnit
of catch witaln Canadian fisheries. In view of the developlsg Istersational
of fshore fisheries this need for more knowledge is underiined.

loazeased vield ihough Ancieased fecadisy

of egys deporited in & glwen saloes stivam con be

Iy l.-r ll‘ lhﬂ mere fish becose svalledle for yleld. Our present
level of knowledge in this ares is restricted to o few cbeervetions Il Nllll‘n-
ships obtalned from two relatively minor stocks: McClinton Creek in Mas
Inlet and Mosk Nose Creek in Fleher Channel. A basic slze-fecundity nh .n'
ship existe: the lasger the female = the more cgu cmulnd l- the ovaries.
Parmeters of this reiatlonship are not constamt + howsver.
Ferales of the same average size may, i eul-nnx )un. m differest
rusbers of egg0.

M - nwn'-. the fecundity of plsk salaon mey B taken as sbout l."w
female. Average counts as low ap 1,450 m- #s hlgh as 1,940 have
wlllnil for different years, and Individusl counts have ranged from 750 QO
2,500 9.

Alght supposs that snvironmantsl opportusities for grewth xnn-m

nmany by affecting sdslt size, which would be & fors Of compensato:

tality. Howwwer, the Basls for cbaerved slze-fecunsity relations! M
un Basis for observed size distributice of 4 returning stock, sust u. in the
inherited chazacteristics of stocke.  Therefore significent epportunities
exist for o by selection for these two apparently linked
characters. It would appear useful to study and experissnt with this aspect of
popelation biclogy. The Basis of wuch & study would hewe 10 be & Knewledge
of pink salmon gemetics.

It Ls quite possible that the presest petters of flshing is sdvercely
affecting the bresding stack in this regard by selecting the larger sesbers.

locxessed yleld shrewh decreased natural seraliiy

Since we are dealing with & & walch Bas o Teal starting poimt
(ang we hope no end) any reduction of setusel nrnluy. ci my type. and ot
any stag of develogment, will eventusily lesd to an Lnc 1n semmrical
yield provided a mew compensatory mechuniss is not stoaatic 1y precipitated.
In diecessing sources of mortality we will Degin in the cycle with the farsile
lzed 093 In Ull Ted. Studles st Mook Nose Creek hawe Tevealed that durlng
the approximately T-month period of incubation and larval development in the
gravels, -«nxvn has varied from sbout 6K G0 greater than K. A stroeg
density dependent relaticeshlp has existed which suggests that the mumber of
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exclusive spawning sites svaileble 1o & stock inposes the main, #5d perhaps oaly,
effective compensatory 1initing mechanien. Stemning froe this soggestion Iy the
cozollary that either the "adults on behalf of the eggs” or the cabryos mest
then be coapeting for a imited rescurce. Study along these Lines has demoe-
strated thet inproved scbourface ﬂun m nwll“ ln batter survival,
presussbly by providing more oxygen nhancing the Tesoval of
waste metabolites, This nuum u Antens! oy ny e tendency of tie
adults to eccupy less favourable spaning sites at high spewning densitles.

Other denaity dependent -ehul.- may be anvislored. Thase are nlo-de‘
Of Slseass or fungus OTganiims, Or subsequent exposure or disturtence of
by succeeding wives of wlu plnk salson. Little concrete dota 1s available
Tegarding these latter relationships.

Other wosrces of mortality durleg this pesled may be ilsted, Severe

fluctuations in wster levels may alter the siresn bed Or expose the redds to
ur and flows. Siiting mey ccour from

damaged watersheds. This sspect of sortality is wnder :en'!a:lq study in
Southesstorn Alaske. I84ect lasvee 4nd aculpine mey prey upes the enbsyos 1n
the gravel. This facet ls also under study in —uuouurn Aluh. ou-r
wpeclen of salmca may sebsequently ute the samse spewsing o
the survival of pink salmon.

ALl of nnw o of mortality may be teduced By various means.
dersity-depanden % may be redsced, by increasing the rumber and quality
-!u‘ muuu etthar 1 eatural oF artificlal situstiosss In
artificlal spamning o nd hatcherios the sabryos may be protected from
redation, changes in 'inlul flow and disesse, althougt hatchery operations,
cause of the crowled conditions, may precipitate epidealcs of diseate. Such
nt-wn A% have been made st hatchery propagetion have rot produced encoureging
Tesuite. The causes of m-- failures are mat understood. Wowewer, the
muu(' Of fry prodoced appears to be  significent fectes.

Sclentific studies te define the charscteristics of pink salmos fry that
affect thelr successful retarn oy sdulte, and the envirormentsl factors thet
sffect thew

1ati

. Y to of
oy culture We are almest \aullr Ignorent
in this ares salch and dlsease.

in several azeas of British Colusble soe or the cther lines are
pletely or very nearly sbsent. Two general facts appear relevant.
-)orhy of spaening stivess both 1
(2) from the wery existence of cca reprodustive potantial of the o
1s proven for the other. Atteapts u  extauitn the alssing 1ine have all ended
in fallure.

1t s sugested ey *stabliehing & missing iine in & materal altustion
ané estabiiening & cun 10 an artificlal spewning chanel (such as the
Robertson Creek attempt) have falled for a coomon reason. Each stock of pirk
Goleon Nasiovelved $5 aeet e particslar sat and sequnce of 1ife hatory svents,
and this, 1o & large degree, sust imvolve innate potterrs of behwviowr, Past




fallures have not altered the of the orlgloel propo-
sition, In fact survival to the migrating fry stage Ras been encoursging. Agein

have sinply come up sgalnet o barrler of ignorance which mist b Broken
before furthes galns cas be made. Sclemtlfic study of Lsaate behaviosr of
salnon and Interstock camparisons, lawolving the mechaniias of erfwntaticn,
migraticn and homing i indicated to the
transplanting of pitk salmos.

In the shorter streams, such as Mock Nose Creek, the fry wserge and
nigrate cut Of the stream if o few hours, 10 the entudry, in lﬂll’l. they
fom into schools ard commerce Mlﬂu- It has been estinated g this
Shert exposite In the stresn, betwesn and 43K of the lry uwhuu\ lu lost

igate
sal ctad By the slze
of the pink uhn mlnlm- m u‘n of fry esten 1y largely # functlon
of the rusber of predater; type of -rullw. thens Ls depensatory,
and the effect is hlulnly p!cwr ol lt' pink salmen stock levels.

® the longer streams, such as !h- lcll' Coole, Lt may teke indivicusl
UI! e the exposure time to n‘l
m

-nnl days to reach the estus: ton {s
ter during
sugpsted thal sses 10 pn‘nlv- In these
sitistices aay be mere severe thin thote e g I ook Hoss Creek wtoeks
The prespects of 'Mln c—uh yield through w«uw m!ml are
exciting but we are, at precent, gererally ignorant about predator-prey relations
ships. This probles INI Ntll" Initial stody oo the Bella Cools llwx in
1966,

¥pomd in the frel

One often hears of mortallty of fry when sntering the narise savirormmnt
sssaciated with fallure to adjust to the different osmotic conditions. From
our wxperfence ln direct Leandfer of fry from fresh 1o salt water holdlng pens
this does rot appear to be & serlous pregosition,

Pink salson fry, upon entering the ses st Belis Conla, are Initially
shore-oriented. They fsrm & narrow band which folloes the shores of North
Bentinck Ars and oxtends Lnto Durke Chatmel. WIth grewth, the affinity for the
shore is lost and the fingezlings occupy more p.mn positions. During this
garly stage groweh mm. -uw S treses t abest 7% per day. Durisg

1 s of cbee "1 hove beah Snibited by
u-n of food u” ¥ M ad uul oS among years In respect to
ot comtont have, hewsver, beun noted.

At the end of May, sfter sbout 40 days of ses Life, U flageriiogs for
lﬂio tl’ﬂ schools which then sctively migrate out of the sn-losed cosstal
moze wxposed waters of Quesn Dharlotte Sound. Lations in
'm- hllm‘ have beens Mtd mong the years. A Barsctarletic of ihh
migration is sn abrept drop In sverage fat content. Ia thls regard,
of the migratory um-u-. m- would agpear o be tantmmoust 10 & --m-
stage of pink salmea.

During tAls 40-day pericd from fry Lo smolt, rather sovere losses sccur.




In thres years of obiervations sarvival varied from 23 to 43K (sversge 34K).

Sources of moTtality are not yet detemmines ang understood. It fa kaown that
Siedatien by cobo saiaon (s severe, ad saald 2iso fasd on piok selmn fry.
Other kecwn ftic copepods and

parasitic worms. Fisheries Research Board sclemtists are mnntlv ﬂmlnc
these relationships.

Aftez migratisg from Lae n:lonn -u % the mowesents of this stock are
not known. It is suspected, from made by the Fisherles Research
Institute and the U.S. Fish asd llllllll hMu sclentists, that the Central
Ares Suvenile plnl talnon move north in lﬁ“u Stnh- The main body then
uvn w Entrance altheugh soee southesst Alasks channels.

ong this they are undoubtedly -ll!l ‘lth oﬁ-r stocks from northwsn
Inu-h coh.h and Alaska. The migr: -wy mm than appaars 1o be alosg the

st of southeast Alasks for some unkncws distance. Flsharies Resesrch
lml\w seining during the July-Septesber period has disclosed » well-defined
T Juvenile ul-n within 15 miles of the cosst moving In & northwesterly
ilmtlm along the coast of southesst Alaska. Whers sad #t what tios tde
cemtral Sritian ulu.u pLoks leawe tals Band and move further offssore Ls mot

Central Ares pink salmon have been sncosntersd ia April and May by
Fisharies Research Beard u-.m- nmn. 1n & falrly dlscrete nqhn n-q the
cosst of Washington, Vancouwer I and Quees Charlotte Islands and
300 mlles of the const. They lhoa Foturn 1o eater the cosstal nmru- In
late July and Auguest and spawn mainly in Septesber and early October.

this uunu poriod n 13-14 monthe, survival during a three-year

mny-nnngul to 226 (aver xa). luu .uml sortality into

shorter time tm-rvox- 1yt »uln but & t the majer

p-n of this mosrtality occurs immedlstely len-ln the mun na wrl-. i
during the tcasts] migratory peried following the *smolt trameferms

11owing
Stusies cn growth, survival, Behavious and ecological relaticaships u the
Bells Coole stock during this serly ocesnic stage of life history are both
feasible and necessary to cur understanding of Life history and the critical
sire prables.

For the Bella Onll u«t it Bas bean uu-me. for the 1961-1963
Lirced years, thet Aress 7 and 6 flsherles took from 79 o 69K of the returniog
runs. Avallable -vu-m SUGERRLE that Areas 6 and 9 fisheries aleo make
slgnifizant catches of this stock. 14 1s quite posalble that other flsherles
are alss imolved. These unaccousted catches are incl in "nratursl
mortality® sstisates and thersfore the oceanic survival figures glven are
underestimetes of the true survival rates.

A further source of martality is keown to occur and s locluded in
natural mortality estimates. Particularly in gili-net goary mo bm- u-—
pcn-uy wntangled but Grop out of Ui ret befere twy oo o
se “drop-cuts® are alresdy dead, others are ln’u‘n‘ ol nlhlu IIIIM to
. do.ln frem which they cencot recover. Some fraction scrvive and are noticed
in the spamning s fish. The of these drop~
outs has not besa ssseseed. Hoth Unlted States and Japanese sclentiste are




currently studylng the prablem and this wosld wem & profitsble arvs of study
for Canada. Mortalities associated with that part of the life Mum ln-
arn 10 the coast 1o spawning ate geterally recogalaed but va
sitaatisn. Losses occur to predation, molesting by sports ﬂ‘hu-n. hm.
umx- . {flows, stream blockage, and other untpecified couses. fn
some particular instances thess losses resch alarsing proportlons but are more
in the sature of sporadic and unpredictable loss than part of a foresecable
relationship.

Thus, 1t 15 possible 10 atate ThMt the yleld from & stock of pisk salmsn
can be greatly echanced provided s understandiog of netural ‘Mlllw l- firet
at hard. There is always the nnmmy that by incressing the level
restricting stizibute el the envizormest the population will then l._
restricted by another. removal of cee source of mertality may, throwsh
the biclogical chaln, uqu intensify effects of snother agent of Sestruction.
lr increasing stabllity of » spawning grousd one may insdvertently also ncrease
the popalation lewels of # predator. Sy temoving o costrolling & predatosy
w«lu of flsh, pressure may be remowed from insect populations which would
thes be & serious f8ctor t0 egg and alevin survival. Thess and other possiblil-
thes serve 10 underiine cur need for » more complete understandling of l:ell'icll
relatioaships before u-nn BCLIoN L4 ALlempled oh & lerge sce t our
presant level of knowledge 1t Iy leportant to classify reswdlal ull-\ -
eaper Lown! ..culllln- 1t should thesefore be carefully documented and
dosigned Tesearch tool 80 that suicess or fallste Becoms equally valuable
an contributions 1o eur understanding of the specie

In sumsary, 3t 1s suggested that 1t 18 possidle to Increasw Ui yield of
Nﬂl salnon along sewral uvnu (1) by making the best use of existing stocks
under catch for natural mertality,
(3) by lsproving the genetic qullu- f the stock aleeg tiwe
te, resistence to paresitism and dlsease, (4) by ralsing the
0 stock densities, and (3) by creating oew stocks
trassplants and cultusal techaiques.

It hes alec Been soggested, for each 1ine of approach, that serious gaps
in our knowledge sust first be filled, v prediatnary to. or cencurrent
Am. nwu te Increase yisld. Natural mortality st be reccgalzed, Oefined,

the sgents studled. The Slolegy and behavisur of the flth must be studled
I relution to the peysical ard blological envircrment in which it iives. The
role of mlm-nm l-:wu a5 modiflers nl llnnu capacities must be under-

are  necessary

stood,
and mn.mn step plodberglrs it yu
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Summary ef rescomanded SsRArd
Mortality stedl m of natural mortality must be
described in detall 1ty muat also be usderstood
ana biologleal i i che

e ty schwduls

Tether than generalizleg over several stages n 1ifs Blatory, 1.
toregg study of & particular brood ywar. Otherwise latent effects of
varying mortality will Be missed.

Studles on the fecundity of pink salmen lu‘ln' \a nluun lno‘ln' for
charactaristics. One should be
qualities M s resistance to dlsease, ’umtll. I.Illlq. .l:-

Stufles on algration. This to Include mechanises, 1.e. lnnate behavicural
and the of the

l!‘lltl ﬂ -m"l- and disease, “ lmhl- descriptive work and the
% orgenisms on the

Ecological studles of pirk salmon, leading to an unaderstanding of the
specier it ifves In its varicus physical and biological emvironments.

Changes in edibility and quality of product as fish matere. This study
has relevance to the aritical sise problem.

The "drop-out® problem. Presently part of our warecorded fishing mortality.

Preblems of catch and These are basic
to populstion dyseales.




quantity of the salmon resource 1s fopresested by the rusber and
size of m fish avallable for captusy. Nl quantity 1s detemnined by l‘hl’l
et processes which can be labolleds [QAzabzatss Susvixal. Eohancenent
u the resource must Invelve sn Incresss In at least ote of thess categories
. obwlously, mach increase must not be accompanied by a correspondirg
‘oenno in other categories.

Shxthrate and Gewth

The birthrate is considered here 23 being the mmber of w99 deposited
by & fomale sainen.

At Mook Nose Creek (King Jslard) and Nile Creed (Vencowver Telasd) the
average mmber of egge produced by & female u—. u «um-a u- u-ln taken in
* mhmber «m.-nm 2,700, A sindlar vailed
at Minter Creek, Mashington (Wash. Dept. Fish., un upu.). mlu taken at
» few Asian localities M aversges -11 2.000 u :oo (Mkll.
1957).  Altheogh dats 06 the egg-prodection they
Indicate that there Su mwch varlation (a) bu-vn ‘lﬂvm\ -m-m-. (bs ln
differont yoars within the sane witershod. For exarple, st Hook Note Crook
aversge in different years varied By st lesst as mch o 700 wggs por !—ol-.

ibi1ity of enbancieg the Sessucce by dacsesalog the facundity of
ng Fesisen 1s closaly Telated to probless of growth, survival ard lengin
of 1ife. Spectsvular incresses in both egg-preduction and size of flsh, through
s have been clalmed for rairdow trowt at the University of
Washington (Donsldace and Oleen, 1957) atwse he flsh were held in ponds until
mature. Scme of the 'Ithll mxnu ve breeding, bowever, were demcastrated

made for early age of maturity. This result was saccessfully achlieved but egg-

Selective breeding of anadromeus the chum, would of course be
Wt a dissiventage in conparisen ‘Iu IMM \m‘ Bucause of the gaublme of
gotting, and recognizing, a sufficlent return of selected fish from the se

£ 16 8t present no information on which to base & Wchniges aleed ot

an saleon reeourte through sel «Iln m«m‘ Befere Intel=

could be 10 be neoded on the nnuu-
4 #ge and size of fish, the eurvivalveles of “gs of

s ol the @331ty Of the patent te delives oges 10 prupltious

Wile Lt would be optinistic %o think that selective breeding can
sppreciably up-nt the resource in the near future, the ‘lmﬂl‘ of lnlw-
tion aleng the 1ires would 1p 1n dlagresing
problems foced by differeat stocks lt the present time. lﬂoﬂﬂ.hﬂ night -ll




on the »-unmy hat non-beneflclal nmuu 15 alresdy -emmq.
it cccur, through the operation of the fishery, if the latter tends t

take 3 higher preportion of certain size- or :r Although “ullﬂul
dats on the sge=, size=, »nd sex-composition _nhnv cought salmon are

being obtained anmually, present studies o net deal with the M
wpeciilc wateradeds, nor ¢ they Include cbeervations on fecundity.

A kind of selective breedisg which has bees tried experimentally in both
Nozth Americe and Asis consists in the hybrigdization of various species of
Pacific salmon. Foerster (1905) showsd that many interspecific crosses produced
990d hatches of agparently healthy fry. More recent experiments have concluded
the production of chum=pink hybride In the USSH, Japen and Washington. Is
upui-nu conducted at the Kalininsky hatchery, hlnlln (Paviov, xm).
developmint and excellent survival to the fry stage nulu‘ fron the
umhv of mele chuns and fesale pinks. Many u- subsequently returned
e the riww ALLY 4T A% bOe OF TwO YOATS Md 4t AN average -l‘t mch
g:u\u than vm salnon. The reciprocal cross (male pink * female cham) was
» fn the

Lite period of 3

nh- of an average =— can be produced within the shor
lll lmon would & starting point for Lerger-sce! terpts

2o zesource If 1% could be shown that birthrate and survival are not ﬁ'"uly
affected over & earies Of QEneraticos. Ihe wibsesusnt history of the Sakzalin
wrperisants s 00t kncwn to me, but & recent experisent st the Hood Caral Batchery
of the Washington Depaztment of Fisherles is fot reastusing of this mm. n

l%l- 222,564 plok saleon eggs were fertilized with chum salmcn sperm at this
tehary. mn-lun.uy (92 survival from the egge) were heid in & pond

nf u days and n!vtnn (n.#) wore teleased in salt witer. A retwrn M
2955 two~year-old hybrids was reported,

high survival (215 of the m llhu'ol)- Intesbresding of the hybeids,
hewsver, gave very poar results, the mortality exceeding %K from eggs to free-
seiming fry.

in Japan (Morosai River, Mokkaido), Hikits and Yokchirs (1564) reperted
:xlllm luﬂlvll o the fry stege of chum-plnk dybride. In this instance

crosses were succ chum male * pink femsle giving

ssrvival, and pink male » chun femsle glving S ervivels 176,600
ybride weze released in 1962 and 149,200 in 1963. Returns were rot yet due
WL the tlse when the report was written.

.ll' interesting further sesults can be expected from Mybridizeticn
erperiments, the present sutlook for increasing the silmon rescurce through
-.puuuw of this techaique remaine quite uncertain.

Sssvival

t of the stteapts wAlch have been made 10 itcresse the svallsble
quantity of Pacific salwon have been concerned with reducing the deatd rate st
certaln steges of the 11fs hlstory. Since the aversge mortality from 'M o
maturing fish is well over 99, it is cbvious that an Increased survival




this stage of snly 30e por cant wuld more than dosble the population, Oppor~
tunities for reduc death-rate, howsver, are restricted to the freswater
o wery »rxy naltuster phases of the 1ife history, - which leaves & loog
peried 1n shich gaing can be dissipated before reaching the fisherman.

Survival of chum salson, under Mun-ll conditions, from potential egg
dtpnlv.lu e nrlv-l of fry migrants st some downstress counting polnt, has
Been found to range from as low as o.u 0 88 high as 22K In investigations mede
Lo Hiltie CGM {Nile Creek, Hook Nowe Cresk and Qualicum River). These
llwnn therefore Include lesses incurred both durieg develogment in the gravel
Guring at least the essly stage of seswsrd migratlon. Estlmstes of survival
w #% Nile Creek 12 soversl yoars rasged from 0.2 to 16X
(Mickett, 1952) ané at Mook Noss Creek frem 5.7 to JIX* (Munter, 19089),
Survival of fry during their gASaticn to the sea, or other downstream countirg
,cun. why ostizated to be from 35 1o 36K (Nile Creek) and from 15 te 77X (Heok
Creek)®. Losses during migration were sttributed Lo predation by other
nm and percentage sarvival tended to be greater shen fry runs were large.

Relatively high survival estinates (67 to 74K) from egg-pr [
the fry stage were quoted by Pravdin (1940) fer the mmu lhm. n-:mu
and cther USSR stresas. In a spring-fed spawning ares of about § ac
sdjecant to the Bolshals River, Sesko (1954) estineted that in aicferent yoars
from 16 to BOK o fry (chums and other species comblned) escaped
prodaticn bafcre enterieg the msin river.

The losses suffered during the incibation perled can oftes be ascribed to
wuch factors st -h.uu-m of on. uv aleving by nm or by the digging
of fish; T supply or to

reduction of uym content of n- Irying of -o-ninq beds; unfavourable
tampezatire for developmnti fusgus or lhnnl predation) expossre of egis to
salt water, Unfaveurable ccoditions of these kinds can resdily te mmelicrated
by artificlal metheds. Historically this has Been the role of hatcheries.
These Institutions have commonly reported survival of 73 to %K or more from
#998 1o feee-smlmming fry. In British Colunbla, hatchecles have mever been
used extensively for chum salmon but the re of this species presents no
spactal problems. In Hekkatde it is em-.a that 3 majority of existing chum

salmen populations are derived from hatchery-produced fry. Jrom figures glven
by the Washington State Department of Fisheries (Asn. Rept., 1964) ppears
that 36,847,000 chem eggs were collected in the st

during the six years
1967-1962 and that resulting liberations smounted 32,218,000 fry and young
fingertings,~ an oversil survival of 87.6.

This figure is considersdly higher than the Best values reported for chum
Tre

fact that only a ssall propertion of the spawning potestlsl can srdirarily be
Bandled, and in the serious doubt 33 0 whether the gains schisved by the
Matchary aze saintained after 15deration of the young fish.

Mook Bose Ceeek figutes are for chum and plok saleon comblined.



The of in the hesvy losses
incurred during downsiresn miSraticn so doubt depesds in part on the plece sd
-mn -l n.hmun. If the journey to the sea is elisinated or shortened,

porile of Il.‘lll‘ﬂ must Be reduced but Lt 1s possible that such
h-llu l"t be offset by dlsruption of normal timing and behavicwr patterns
astociated with migration and entrance into the ses. A illustratico of what
can happen 1o planted fish (in this case In thelr mative spewnicg ares) iy
pravided by l‘a (lu. ul-). u e mur spawning ares -uu-«u
previcusly, L peraitted to faepes maturally.
xuuu. . —nll m«nm (ao.m n.eoo) of uu&-«r Loed chum fry wes

made at the norsal meascn of fry ssergence. s in previous years the
survival of natural lnm-cm of this .ocln in \u-uunuhooo.u-
mated ot from 32 to 84X, the planted fry we: mumu

escapleg 1o the river. This result wes atir! presence of

population of predators which had myonlluwly —ll n&n clhyulnl
cm. Weather, in adsition, the hatchery fry were mere wvulnerable to predation
than “wild® fry is spparently not knows.

The protection afforded by the more recently ssployed technigue of
( munﬂ with either natural or uulld.u incuba-
covel same peried of the 1lfe-history as s dealt with
by the hatchery. Much of the mortality which under natursl conditicos in
anscciatod with severs changes Lo water volume and current can be elialneted.
In adaition, the fry can emerge from the gravel and migrate dowsstream at tises
of thelir cwn cheosing. Also, it 1s scaetioes feasible to exclude all or soms
ters from the controlled section of streams, thus reducing mortality inm

tien are

uuuwucn of water control on the Qualicum River the musber of fry -l-u-u
resented from about 5 to 20X of the potential egg deposition. In the two
ynn foliowing the intreduction of water control it was about 26K. At Jones
Creek (Fraser River system), fry mlgrants have represented lu- 30 to 60K
the eggs deposited by parent fish in the contrelled channel. These flgures,

Jess specteculer than those reported by Natcheries, are higher than
the nmu.- hitherto reported for uncontrolled streams in lrhhh Oﬂ\nh-
Possible sdvantages over hatcheries are seen in lower operating costs
olhinluﬂl of the bandling of egon axd fry, ia reduced wlnnﬂnly o ODI-
denic ¢iscases and In the production of fish better able to survive after
leaving the man-controlled eovircoment.

Attempts to exterd the berefits of artificlal cenditions oves & semewhat
longer pericd of the life-history have been made, notadly in the Mx swn
reglon, by holdlng emall :n— 1In shltwater pends or lageoss for
moaths after the tise of nommal migration to the sea. The capacity toepd) -m-
15 of course limited to nunnly wsall susbers of fish and these require
centinmed feeding. Although survival figere se experiments are not
ble, it is that problems of
ard in the provision of sultable dlets have been encoustered. In cestaln
nnu'ux lm providing sreas up to 25 acres, with provision for tidal
xshangs of water but with sccess of ﬂn o the ses prevented, the flsh heve
Teited mainly u  naturad food supplies but have been protectad from underwster




predaters by pelor treatment of these waters with rotenons. Flantings of o te
Zaililon foy orsmtll fingesiings heve been made i woch arses. K very frvosr:
Tete

Instasces. Date are ay yot Insufficient to show whetber these enterprising
z‘ll-ll will polnt the way to significant augsentation of chum salmon stocks
the ure.

faneres
In gereral, 18 may be sald that artificlal methode hawve besn effective is
sarvival of chem salmon

incressing

od at the 1o which they have Bosn -nuu
Their effectivensss in promoting s widespresd umnu-vm of the re

depend on evidence (a) that the increased survival achieved &-1!' the p'llﬂi
& 1ot offset By correspondingly Locrsased mertality in
sbgegmnt periods, (b) that unlﬂ.chl motheds can be applied to much larger
sagrests of the salmon populations then Mave Altterto been dealt with.

of baman contyol

There are os yot few dats (o show whethor increases survival of young
salmen actuslly zessits in grester mmbers of returniag fish. In certain
reloted specles (e.9. cutthrost trout [Illltr. 1954]) there are indications
that artificial protection of eggs and {ry permits the tesporary survival of
fish shich are W“‘ly u I' *:lltllll wnder oore rigorcus Mlllm In Inter
1tfe. 1t this is the the sgparent galne recorded
swthods of artificlal (uluﬂ" uu be Lllesorye ln general (aed I.hll oplht
in gosd sure to chum salsen),little 1s knewn of the nusber of salme which
actually survive to maturity = Tesult of artificial sanipalatisa. ln(nnry
information must be obtained both from the fishery and from eacapesant
Evalustion of the current Mlln. River programse may be & very hwmm tep
in this direction. It may be edded that infermetion on the survival of DALMEAL
Populations of chum salmon ia British Colusbia i cosfined 1o & wry few
streans and these may not be representative of the condition of other stocks.
Wider knowledge of the —run'n of nml Propegaticn would provide o better
Basis for asmssing the  which should be
1oped.

Saudies recoomended

1. Stodles oo the relstionship Between #gQ munder, sge aad ol
servival valoe of eggs of different and lblll\r of *lh xo ﬁllwl
©398 to propitious 1ocations) as a basis for salectiwe breeding of more
facund stocks of chum salmon.

of potsible sdweese selection by the fimary of particalar straing
mon.

7. Stwdy
of

3. Stedles of salmen hybride.



4. Studles to Ladicate whether increased ssrvival schieved during ntu-
of human control is offset by incresssd mortality In subsequent pei
and whether it is possible to use cultural methods on muxch lcmr M-
of natural pepulstions then heretofere.

B. Stedles "lw 10 give wider lmlo‘" of the -orllm of Mu )
for in

5 3 ba 1 teck-
Riaes shoud be developad.
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V. COHO ARD CHINOOK SALMCH

by
H. Godfrey

In British Colusbie cobo and chinook salmon sipyort a latge preportion
of the trell fishery, virtuaily sl of the mu fishery, sod prinasily for
this reason are commonly lusped together in flsberies irvestigations. Newer-
Theless thay ehow many isportant culmm- 1n e ogy which
their separate mnﬂ-\ with respect to possibil
production. Is this report the specles are treated ceparately, but te sveld
nmll\lua 1t Is noted In the discusslons of problems cencerning one species
whare the _un are alse wpplicable to the other.

8 teport Ls net estirely comprebensive because much of the material
which h Nl-vm! is relatively fnaccessible o e In the process of being
complled. Varlous United States agesc prosently hold & vast smount al infor=
mation relating to the artificlal propagation of these two specles, which at
EALs thee at asy rale 1s mot readily avallable to wlw workers. In par-
ticular there are sany case Aistories and other accamlated data of
wod £ah farma.  ALeo, besices Gata in the files, thase agescles have
-lltlll(h-d Teports which have had very linited ¢lm-lmlon but whick might be

Ted Upon TequEst. given in the last sectien on catw
nl‘ in this report. allurhyl 290 report: re
recaived of a study of the schiewments te of the ¥ashington State fresh-
ad saltwater fish fams (‘lxh bas rot b.«l exanined yet, but which mllln.l
the basic data for s 1565 econonic of these fams).

This, useful materisl exists which wes rot svallable for this repert,
bt might be later. Such material should alse be particulasly useful In sssess
sing the econceic aspects of the different and of simtlar
e=ployed in various situstioss ueder ¢ifferent conditioss.

tages in the life cycle of Pacific saleon are relatively ‘lmv
wnd may Lake place in differsot sovirenments, sod there 1s cbvious merit in
presenting the discession by life history stages as s done in this report.

ook 2alaso
e sooy

Seienoy (1960) made sbservations on cole salson eggs thet have ingor=
tant implications te the traasplanting of eggs to stream beds, or to the incube-
Ling of wggs 1o artificiel spamning channels. Ne noted that the «9ge anl

of coho saleon possess speclal characteristics that enhance thelr chances

f sarvival under ceediticas of lowsring conzentration - small eg9s -lu
nlnlnly thin sheils, a deses u« capillary wystes, sa abuntance of ca
tinld pigeent wnd intensive pulsstion of the -m—p

studles of the ¢ the ogjs ané embryos of
Pacific salmon could previde information that np| be of great lsportance at




the very first stom of thair artiticial propepetion. At promet w are asking
requent 899 traneplants and are establishing Tty spawning chaane
i being aware of the possidle sigelfizance of such differerces et tho

culture as, for exasple, In relation to the exposure and reaction to wvarious
pothoge

Although chinook salmon do spawn | -nymm-m nmuon
comes wainly from the large rivers and their tributaries (0.g. the Sacramento,
the Columbls aad the Fraser). In British Columbia ealy abw\ 15 (10 por cnt)
of the tek rumber of chinsok salmon rivers cootribute about thrse-guarters of
totel spamning secipemeot.

*Typlesl® Orineok saimea spswning ground coralsts of mmmv 1erge

bottom materisl; the redds are larger and are mere separsted than those of the

other speclesy (hi water “l the bads 1s usally desp sod swift<flowing, and
egge are buried deep In the grawel. An flepression is gained

foatures of the of chisook salson dear a Nl.“vﬂhl’ 1o thelr -‘l(

sz, Dlll. n- evallabliity of the most sultable spewning sites

r‘l“ﬂd h o primery fector In ng-l-\hg thwiz cverall Mm-
f this is w.no {1t were possible to by-pass Teguirements for naturel
3 -mnq -nl thowe for mnulu.l fertilization and nwun.

Ibllllllﬂlll mhul’: 8¢ producticn to that stage, Although the
unds sought may be tho same, the rationale impiled here differs from that of
ural

upen naty

and apawning chatnale mey serve 1o lncresss the utilizetion
ts of chinock salmos, and even to improve upen it. Howewer,
emm-h W Are At presect umnny I'\aum of
are the

At this time we
WM. lmrlnu-o(m
the physical enviromment, or in terms of the behaviour of the

lun ln ul':un' 2 site and mm » redd. o -wh may be glven of &
Tecantly reportad case whare in an mmem spamning channel for chinock

salmon (lu ) the fish falled w 'nou' until they were ripe, u-l e

quintly died withoot having spasned. 1t was determined later that

prrcelation properties of the gravel h‘ were ot fault.

B2z aurvival

Acpropriste dats on the natural survival of chincok eggs are virtually

nen-extstent. It can e ucopua that very high rates of !r’ productica can

be schioved Ln sodern haf However, the sase carot be assused for

mmnn Apaening aunu. -mmmy 1 cases of thelr utlilzatien over
ral years. It would be ::‘rna value to study the chasging physical ard

.l.l’ﬂul propertios of o0 flciel spewning channel for several ywars prios
the intzedustion of any fish. Concurrent experiments lmwlving flsh could,

nl course, ales be purswed.




Lrx sureivel
There are weveral ll.lll of sarly 1ife Rlatery u"tml In ehlnoock
salmon, but this report does deal with all of them. This is mot serious

sthon, supbusiy w111 be glves £ sortatn blologlea) prineiples which oty
o eah kind, sithoogh they might spply ot & dLfferent stage in the iife

Bealdes the exlatonce of apring, suemer and fall "racos® of chinock
salnon, and of red- and white-fleshed fish, of particular lsportance i3 the
cccurrence of the "oceas” and thw "streas® type of chinook salmos. The former
migrate ts ses aver a period of » fow days Up o sume weks after emergunce,
shareas the latter firet winter In fresh water before they sake the seoward
migration. Because of this there would obwicasly be ¢1nn-e<u 1n the sequence
of problens with the ofe type as compared
with the sther. To & cortein extent (But by no mesns uunty ) the frewn~
water phawe of the ccess type chinook is mutnmzolmﬁum
w—m—mumulm-m-tm-ﬁ the coho salmen,

story,

Only a4 modicun of informetion Is avallsble on the survival of chineck
fry to the point of thelr sesward migratisn (although ssch Gata are currently
Being obtained threugh the Big Qualicem Riwer studies of the Depaztment of
Tlabarlos). Howrver, 1o gerwral we can sccopt that the grose production varies
from year to year and from stream to stream, since it is sublect to the effects
of orwirommental fluctustions and to the presence of other fiah species. Ho
doubt, under natural conditions the chlmosk fry incur lssses from disease,
predation and varicus other agents. Thecretically, hatcheries and spawnicg
hanmele stould ellatoate or mininize such losses, But st thls tlse we have
very little in the way of guantitative ewidence.

espacial fmportance to this Tegort is that tiere are, -pru-mlv. two
Tather distinct llldl of fry of the otesn-type chi Some fry leave the
stresn aleost Lmwdlately after emergence when they are still relatively very
wmall. The other kind Temain in the stress for a pulo‘ (pmmy as long o
thaes monthe or wore) where they feed and grow, and o nigrate «

“ate (on 1A sverege) and larger size. In the case of the big Oullca lnv-x.
and at other simllar situations, the end result for both kirde of fry s direct
entry Lote the ses.  In other -uuuo— passage -ul e made over 8 considersdle
distatce downsirean before the estuary Is reached, and in these cases it is
possisle that many of the sealler kind of migrents first take up temporary
Tesidence and grow.

It Ls not kaown at this time whether there are inherited or acquired
mlolukll differences botween the two kinds of fry, and if there are,
whather wch difforences besr on thelr subsequent growth ard survival.
exsaple, it mld l'. important to Gﬂtl‘lm shother they differ in salirity
tolezence, since axw ledications of that few of the
snaller kind utvlw (Ilg Qualicum River -udlu now In progeessl.

The rembers and properticas of these ssaller kisds of fry can be
consideratio, o the Qualicum date will show.



-2

mht’rlnﬂamhhmrlwr“l““ﬂ.m

corsidered a3 comparadle to the "0-dey flnge lln"' m M tion 1s the
common cbjective of the fall chineok ‘Satcharies 1 and Oregon States.
In the hatcharies the fry are reared by mllklll hmnq wntil they have
oached & certain desired size « » precess which vmuy takes sdout 50
This slge, shich was determined Ilrw‘ experience, upon evidence
frem recoveries ond returns e hatcheries lI \Ml which is (ml‘.n‘
to give the best uu of survival after release, commensurate, presumably, with
the cost of productisn. A siallsr relaticnship betwen -l\ wia0 and adult

been demcostrated in other instances, ss for example by Feerster
(1984) for sockeys salmen.

The eariy resoval of chinook fry from the hatchery troughs te rear them
in frash- or salt-mter ponde Vil thay have attdiced the desioed migratory
sise is a variation of the hatchery practice menticoed above. Here the
secondary

oblective Ls Lo reduce costs, particularly thu- of l-ulq- {Somm
of the Washington fish farm projects have also inc
predation, to incresss the maturel food supply by hrtulmlon, ul wu-
mental feeding.) A recest mo, by Crutchffeld (1569) bas shown that most of
the Nasalngton fish farms have been Lreffective and mweuunc- Mowever,
lures did rot isvalidate the basic principls ard good success in two
aF thres Leatances swy be comidered as preof of thi

Very recently the Washlngton Stete Department of 'Iﬁlrhl released o

report by u.u lltlnhu on the historles of thews famms, 4 should
ol.il-‘ latar to provide » better appreciatios of thelr M‘M\lll\hl for
Bricten C&I‘!l.

If the small fry are “cbliged® to leawe the stream at an unfavourable
size, It sheuld be deternlned how and why this occurs, and sbether such fisn
could be wtilized in some way or other.

It 1s possible that during thelr period of residence in the stresa the
larger kind of chinook fry bebave in a manner (m&ll to that of the
restdent coho fry (the survivecs of Which will ressin wntil the foliowing year).
If this is the case, then an important aspect in their life histery has been
neglected UALSL recently, An thet the eveets of their seergince oAy seseard
a5 beisg sinilar to those of pink

have teen
and chum ssimon.

Anoeg ccho ul-m N mxu of young fish s ussally pn-x- within
& given length of & s sarples Ls 5000 dlsplaced through the sggressive
activities of the l”l’ In“v“\nh. which thus scquite the mu-u tarrds
mmmnu—yc-u-.utm pv- tmmnn

shington, have shown that the amusl oho swolis lm . 'IM l.n'!h
M stresm 1s relatively -nbu. its —'Ituu hln' n'u ated by the amoun
of rearing space svallable, 4nd despite in e93
and emergence of fry. muny . u.u- e situstion cccurs even emong ocesn
type chinook salmon (although there arv alsost certalnly differences in the
bebavicural mechanisns umlnl).




In some situstions the displuced smaller fry nay find saltable terrie
tories where they cas comtinue to feed before firally entering the sea. Where
this does not occur it might be feasible to transplant such fish to sultadle
Fearing a7ess 1n OUT streans, OF to Tvar them 1o o esireble size by sme
other means.

Concerning the larger IIM of fry, those that remsin in the stresa for
somo weeks, mk situation can be examined further, particularly in relstion
19 spmning chamnels and the effects of fiow control In NATUTAl Atresss.

of the mhu‘ with spewning channels must .-«u-ny
b oi\bl 1hat the ywung will leave the chennel almost immediately
esergence, or dat lf m-y remain & natural food supply will be available w
them. In the caso of the stress type of chinook, thamefore, the situation
would be comparable t0 the production of coho smolts in that it would be
recessary to 2 the the fish for a pericd of 13 monthe or more. If ocean type
chinocks are i » then it should be determined what facters account for
the pm:uu ll! ﬁllplm of the -Hlt kind of fry, and what factors
wnd thelr mechesioms determine the survival and growth of the larger kind that
Temain.

emmc

ow control in a natural streas presents an even more complex set of
ﬁMl-l- m dlological I!mlplol basic to the sdvecatien of controlled flew
#% & means of eahancing naturel preduction of salmon were sriginally determined
#°d expressed in torms of & & u:.lo specles (or at most In terms of two of more
wpecies dealt with singly). In & satursl situatlen 1t should be expected that
the effects upon the production of the same species might 2a very different
™e

Althouh occasions and degrees of
segregation may occur thers must certainly be :ouunubh Interaction betases
the different kinds of flsh. Furthernors, where instances of segregation hewe
been coserved, as in the Qualicum Fiver, these have probably resulied from
prior interacticn. The effects of contzolled flow might thus be to snhance the
PrOdUCtion Of epecies Ay oF €ven Of A 4nd Dy but at Lie expenes of Lhat
Dand . Until we detersice some of thase lnunnhu. and can npmn then

a knowledge of the mechaniens thea (predation,
texritoriality and feod sspply, for onon). The fimal remilts of flow comteel
1n 8 given situstion could be very differsnt from whet were originally antici=
pated.

In consldering these matters 1t sppears -»neuhu to quote from
Lazkin (1986) as followss ifttde
Ttunity for specialization in fishes. Is umqam ANy species e

nlnluly wide tolerance of habitat type, and flaxibility of n«nn. habits
and in goneral share many ressurces of thelr envirceesnt with * speclen of
fish.” Flow control could be expectod 1o slter the origlral mwnl framwork
for imerspecific competition. This is mot to say, of course, that flow

control 1s undesirable, but merely that at present ite results are not predict-
able. At this stege we sppear to be relying too mich upon a trial=-ssd-errer
approach for the solstion of a very cosplex problem.




Aas_ s sstuzn - chaoaca followlsg artifiolal reacing

No evidence oa !N‘ matter Is avallable at this time for chinook salsen)
e remarks under Cobo salmon.

Queps siszations

In ganeral, chincek salmon make extensive coastal migrations, predomi-

nantly sorthwards, #od thin, st the tise of their maturing, southwards towards
U strotn of telr erigin. Colmbls Rver s Praser River (ish are comonty
takan off u #5d, in the past, even fish from the Satramento

River hwwe beon take ar %orth ay off U Quen Charlotts Ielands. Probably
S31, chinmak-sakinin ¢ heriis: ' dhe: Serthmet - el tie eloit ¢ ativireiof
#totka, [0 many sases of fish fram both Canad) United States. The

Crall fahmey ol the west coset of Vmaum mm. for exanple, takes fish

Yon many Canadlan streans together with both natural and hatchery-produced

fion Tres the Columbla River nd Bashingten State. It appears likely thet some

Colusbia River hatchary chinccks have even been caught In such inside waters

5 Puget Sowd acd Ceorgls Strait.

Consldering the sbove, ll L6 cbvious that schenes for the erdancement
of the productios of chirook a. n artificlal techniques must taks into
eu-u.num thelr aigretory behaviowr in the ocesn. This applies sot snly
10 what extent they may be taken .j '.‘Ip flshermen, Sut also Lo the desired
dfviston of cate h-mu our own commercial and sport fishermen. Farthermore,
It in also recessary aware that the migratory behaviowr of fln M
and roared by mmsm reans might te quite Siffurent. foom that of ‘the!
ratural parent stock (which, 1n turn, could be essccliated with changes u thetr
quality and vigor, for esample).

{(An item that is relstive to theso poists may be mentlosed
1964 the ostimated Canadian catch of hatchery-produced (1961 MJ Oolulo
River fall chincok salmon smsunted to roughly snm-third of the total cateh of
those fish by all United States and Cansdian fisheries.)

Salesslee brasdlog

Little has been doow in this field with chinook salmon, But some studies
heve been reported by Doraldecn asd Menasweta (1961). These suthors have
Bade the clale that *Selected stocks grow faster, are more rwslstant to Aigh
Lseave, mature earller, and have a higher survival rate then

Some of these Tesults are certainly éesizable, although
not :-«u.rny u ('-’-. uun 1n age of maturirg). Howswer, it should be
Stated that ¢ the report clted FOL ApPeAT tO AuppOTL
the claim, at ll ch M in 1ts estirety.

Mevertheloss, such studles are most desireble sed Ml Ba puresed.
They have pu!.lmln Iegortance 1n the artificial propagatis cifie salmon,
since such techniques themselves could effect a degree of ukcuw Ereeding
over a pericd of u-




Qaality of fish predied by ATV Sesholaues

Stodies in this field sze aleo in Dhelr Infercy, and argements contines
%9 be made that artificlaliy-produced fish differ from ratural siocks in
quality, vigour, behaviour and a variety of other ways. An laportant slement
ol u' igrorstce bere is an alnost complete lack of knomledge of the m
define the quality of matuzal, or *wiid", fish, and Little, if any, work
Illh Pacific salmon 1 #t present being pursued in that direction.

In the current program for evalsatisg the production of fall chiseok
galeon 1n Colusbis River hatcbaries, R.E. Berzows of the UiS. Tish sod Wildlife

Service 1s -u-vu 10 meagure and compare the wuuy ol the fish that are
h of the several hatcheries, and to re! the dl. lunncu that
e finds o !hh survival. Usfortunately, he has ouf Agnered wild f1sh,

presumably because he 1s concezned only with uunny .m:nncy. (An exmspl
of Burrow's studles 1 provided in Table I.)

Alsost for the of Pactfic
salzon could be greatly enbanced if more were known of the factors that
goatribute to the quality oxd vigour of auteral fish. - Such rese uo« swould

e encouraged in Canadal ) they aight slmost be considered
Tequisite to an expanded program of by e arcificl
spawning chanmele.

Cabo Falnen

Ihe coen
See remarks glven snder Chinook Salson

h-nxn

natural preduction of coho salnon 1s especially charactesized by
the fact m( they spesn 1o mmerous wsall cosstal ttn- u nll n ln the
tributaries of larger tivers. There are, for exsmp)
talvon stresms in Bzitish Colunbia, end p»lhly nn M 2.000 ln iwlhut
Alasks. Ihe overall production of the species Geperds wpon the individual
t‘ﬂ\ﬂhllml of thess streans, and, uniike that of chircck salmen, It Iy not
domdnat production of 3 few major rivers. in Aritish Columbla the
uploﬂnn.‘d:h' about 1 per cent of all the coho streans in the
Province, scomunt for enly abowt 10 per cent of the total antuel spesning
mw—m. m- aphical dispersal of cobo salmon streams probably

degre

e and lecation, most
are especially vulneradle to the I“u(i of climatic varlation,
wd of :h‘qu U\ the soust of precipitation in particalar.

As compared with chinock salmon (see preceding sectien), the spawning
ground requiressnts of the coho are more easily and adeguately realized (at




uut uor .nmn-uy conditions), snd other sspects of the life history of
ater laportance relative to erbancing thelr

s appear 3o
mum vy oo pSmibaig

Ihe frv acd vearlings

As much Q ”I’ cent or more of British Columbia cobo salmon that
survive mature lu ir third year of 11fe, having spent a year in fresh —ur
before algreting to the ccemn.

After thay eserge from Uw gravel the fry dlsperse uite rapldly through

out the stream, mainly, althoogh zot entirely, in the dewnstreas directica.

Soes fry may enter the sea directly aftar saergence, but it Ls bellewed that

fow of these survive (since extresely few sdults with their freswater scale

characteristics m boon found). Some of thess warly migrents have besn
observed e inshore and entering neazby sdjacent streams, and it is

mumx—-lmumnuwtuwncu-m-mnummu

the smoit stage.

The extent of the production of thewe early migrants Le a0t known =
that is, it has not been Seternined in what magnitude and with what annual
wvarlation 1% scours aver & wide geogrephlcal renge. n i mum. het thess
ﬂﬂ cwld lt salvaged by rearing in fish farms or by transplasting o other

amt, 4 That 11 would be STofiLable ta do 0. Howevers at
In ot known.

mum

the Cowichan River system Seave (1949) cboerved 4o B-year averege
amcxmy ‘g! 2.
-

.l.llllr Stage of “len!. Qll& Neave sttributed to "mose stable conditicns
of stresn flew snd botton Lal which mre spt to wvv-ll on the grounds
selected by coho, and to hll (Mlq of the redds*

The resilte of several stadles on the sctivities and behavicur of
young coho durlng the period of thelr stress 1ifs sre pesticent to our coesideras
tions of their artificial propagetion. Prodably meet lnportent Is thet heavy

losses soon cccur among the fry from predation, cmlbou- and disease, and
frem drying wp of m Streass Guring the samser which Teduces the uvuw iphce
available to the resldent fleh. Because coho salmon spend o frews

your
water it might be oxpected that hatcharies or sther facilities (oull provide
mesns for erbancing thelr survival to the seolt stage (Neave, 1949 Shapovalow
and Tofs, 1994y and others).

From » M of the bebavicur of coho fry in a naturel streas in
nuu M (1562) concluded that sgsres~
laportant f ausing downstreas movesent”.
Aggressive behavicur was virtaally <-&unnu| Larger fry were comlrunt wnd
acquired »tur m onerml:lu in defended mﬂuﬂ". dl‘wniu the
.

fry in excess 0! Wl. did sot alter the holding :wl'.y of M"lclll




atresn chasnals. (However, 1t should be recognized that aggresslon and also
other normal patterss of behaviour among such fish as young codo salmon
c-nly Md u-n or change under the conditicos that are Leposed by hatchery
1roughs and rearing ponds. 1o hatcheries fish can by reared under very crowsed
cengitions pnnun are fed sdequately.)

Razgles (1965) has aleo observed, and discussed the lmplications of,
u- sgoaistic and territorial behavicur of coho fry. H roted differences in
She tvaring capacities of potle end riffles in » stresm, and with ertifictsl
channels deternined that grestest swolt productise occurred in a chamnel
conposed of one=half pool and ona<half riffie.

Chapman {1963) made of the ret of Juvenile
€OR6 1A thres Oregon streams. Anvmal §rOss prodection was grestly different
amory the three streams. (Thws, hncmun might be good substitutes for som
Stremms but not for othere, ] However, et produition per wnit sres was ot
significantly different smong the streams - *suggesting that spatial needs and
(or) food supply are irvelved In regulating met prodw:tion®.

Martman studled the role of behaviour In the ecology and Intersctlon

;
:
:
i
gg
a2
i

tpecios wore sizilar along the lengths
of the stresms. Howsver, thelr mlcro-distridutions were differwnt. At Moh
density levels, In spring and summer, cobo cccupled the pools, and the trout
the riffles. Wwn rusbers were lowes, In sutumn and winter, boeth lshablted

the peols. The segregation that was in effect is spring asd summer resulted
from intersction which occurred becouse of simllaritles 1n anvircrewntal d--‘ﬁdt
accontusted by dense npmlm and high levels of aggressivensas. Cort
ecological demards were Tent in winter, nunbers were lowsr acd lovels o
gressivensss wre mw«

Of particular lwl“’ in dnulblnq the survival of coho salmon
under natural cenditlol obanevations of Newww (1949), Mckernan
=5 al. (1950), Wickett "11951) and Smoser (133)-  Thete workers have demon

ad resul
Teduced yielde of sdult fish two years later.

The studles by Salo and Dayliff (19%8) at Minter Creek, Puget Sound,
Gemonstrated that the stream produced & falrly Constant anwal yleld of wmolte
Sespite cossldersble variation in egg deposition “ fry emrgence. In other
words, the stress had o 1inited copacity for the suppert of flrgeriing coho
saimon.

The resslts of comparing netural 'ltn lnllltlll production at Minter
Creek Iod Salo and Bayliff to conclude tha production could

reallzed with about 300 e o r of
ra They predicted that these would produce 2250 adult fish, of
shich 790 would return as spawners to the creek. In (muuz. the carrying
capacity -l the hatchery of 450,000 yeazlings could roduced by 300 females;

these would yield an utluul u.m adults of mlch Ml 5250 would escape



the fisteries to retusn to the hatches commended that "the excess
u' and fish produced by these fish bwm '-h- capacity for holding at the
7y could Be tranaferred to other Natcherles or plented in stresma™.

Disregarding costs, the results ll the Minter Creek sxperiments -Ull
uou- to faveur the artificial preduction of cobo salmon sepplement to
of the strean’s natural yield. Ia uwl fact, however, the results are
dllnmlt o nuuu. There are wul nouu for this, But of particular
importarce are those associated with the imatas that were made of totsl
marine wurvival and fishing intensity. ll\ the floal A“lyll! At can be sald
mum- comparison of the actual production by the two methods was not

The follewing Gﬁ:luoloﬁn Gh Be drwwn in Mi.-inq these ..wnl
h‘wl‘d et Bas
the preduction of =~ uh—l ina nu-nl -u'. is linited ln the

rements of individsal fish are
a0 aggressive Behaviour. Predatlon,
iy nnr un.on Interact in & Gensity-dependest nenner, and

n survis
SLINAN'S FOSNTCRS ~ Apace lll food, Hllltlly = hes & varisble sffect wpon
es (e.g. cona),
depend (A suggested
earller in this text, this last peint Ls probably of partlculsr importance whee
comaldering the possible sffects wpon production of flow control in & stream.)

el

b amount of pubiisded information on the scesn survivel
of coho ul-o. h\ \Iry 1ittle of it is pertinent or of value to this report.
I8 cases where total ocesn mortality was detarained on the basis of returns
1o the matal stresms, the fishing Intessity oa the stock was not known. To
date, ostimates based on recaptures of marked fish dave been most dublows for
& namber of zenssas, including these associated with thw use of single fin
marks ad the ttroeg

Guplication of marks used In concurrent wxperiments, and fallure to Seteraine
and correct for marking sortality.

2z Creek dats showed an awersge (arithmetic mean) total ocean
survivel n -m -.m ol s.ao L3 cont, with a range ever 10 yeare of 0.91
to 5.38 per sent. s Shapovalow and Taft (lﬁ') obtalred

comarshle velues ol a‘- Ry {averege 3.53) per cent. At Hook Nose O
in central British Colusbia, Munter (urpublisted uu at the Diological Qunm.
Natalmo) cbtained Tetes of 6.71 to 20,24 (sversge 11, T cents

Experimeats st Minter Creek inciuded the releases of -M fish -lur
varylng perivds 07 nulll' (1 % differeot slzes). Thu
of 3, 8, 12 and 14 menths gews aversge total msrine vurvivel fEopoi 1.5—. 4]
per cont, 3 por cent, 0.06-2.67 par cent and less than | per cest, respertively.




Variows Usitod Stetes sgencies have much wipublished dets on the pro=

In general, cobo salmon make shorter and probably sore dlwerslfied
migrations than do chincok salmen, dispersing from thelr stewams (n o sany 41 dize
ections lm sorth to south. For example, Fri u.r River coho have been taken
2long the Mashington coast, as lu mxn s off the Columdis River, a5 well oy

far -rl.-u‘l in ll".l Cal in botn 1 llh and sutside waters.
from musbers
Bouthe

sh Co! avs have boen taken at many points in
t luun. oo umun Lecations in the Guif of Alaska.

e is llln (mllﬁuhl evidence that -ny <oho saimen heir
antire wlrn e 10 wch Lnside waters &5 Puget Sound anad ownh Muu.
("- 4931098 by the Departemat of Fisherles in recent years have again demon-

trated thls, and they have alse indiceted that cee the grilse slze 14 seached
u- satural -tull!y Fate Ly probably quite low.)

in then, a8 with chirook salece, cossldesaticn of the values of
Patcharien and apawning chesrels for the production of cohs salmon mist take
1nto account whore the fish may aigrate and by whos they asy be taken.

Quanges in sge componitisn of hatchery flash

The iaformetion thet will be presentes in this section may 4iso te used
#s #n exsaple of & coho hatchery (on the Klaskanice River is Oregon) for which
5t fs clalmmd that many more adult fish are tow being produced than were
prodeced in the past by the natural 1un to the river. In thls particelar
instance, o fishery that hed b«n no-e for over 30 years has been
Terestablished In recent years e preduction of the natchery. The
preseat fishery has tli-lll n In-ul catch of several thousand fish, and in
additicn seversl sore thoussnds have esceped to the hatchery, Currently the
searing facilitios of the hatchary have Buen over-taxed, so that surplus fish
Bave had to be disposed of eleeshere.

The date shown in Table 11, acd other ouuablo information,
cortalaly support thess clales. Homwer, ome 1iged Lo pose the gquestions
“How Large was the fisharys and whet mere the ng runs that supported it
durleg those years, more than 30 years age, befors the flshery was closed?®

Othar Datcheriss {n Weinglen gnd Oragoo have mede aimier claiss,
but compazable availsble. As will now be Gescribed, some o
prachrehoe &ty gl cumelating ovidence of cheoges (hat have el
1 Uw e composition of the sdult fishe




Tabie 11 shows the 1arge NUESEIs AND pXOPOrtiosd of I-year-old fish
that have returned in recent years. lh total high production since 1958 L
sttributed te the large slse which the fish hed seached before they migrated
\ou-, which in turn has Been credited to enhanced rearing through the use
molst food pellet™, The large production of the 2-ywar<old
n- h uumu rfn‘ln'. which produces overly-large smolts that
mature and

s Bate the
year-cld unuuuum-n produced from the 1933 brood, and which
were not reared on the Oregon moist pellet.)

The 2-yesr-old "Jack™ coho are small FLb which welgh Betwesn 3 and &
pownds 38 conpared with an average weight of about 10 pounds for the J-year-old
fish. More than 96 per cent of these "lacke® hawe been male fish.

Four 1
snall Fish Bave been given: (1) t.h h nry high -h-n-n-h wex
Fatio a1 hatehings (2] mmuuumuc mu- sire unn
wits excesses of males ot either ecd of the size nqm\cy
oqux sex ratlo In the contral aress (3) There may be o diff muu n:ulllv
Lo agalnst fomales which, (4) may De partly metural and partly the resclt
cl wolective flahing of fesales, u » cosbination of both.

of these various facts and

The between the
the objectives of this report are self-evident.

Studise Recompaced

1n gecmral, the biology of. coho And cAIncok salwen 1 ittis Keown
and there is meed for extensive study of all phases of the iife mnm Some
particuls uunu nuvun o artificial erhancemont that this review of
these species suggests are

I-Ae-v-n!h- study of the w:mmolm;lwmu
ryss of Pacific salmon, particularly with reference 1o cobo

2. lnvestigetlen of the spewning requlressnts of chinsok saimony
particularly as they relate to artificisl spewsing chancels.

Investigation of the changlog physical and blolegical properties
of an artificlal spawnlng channel for several years prior o
intresuctien of .

4. A study of the ressons for the varisble sge of seasard sigration
of chlnook salson and Its relevasce to lrcreasing productlon.

8. A study of the effects of controlled flow on the interactions
Between various species of fish in stresn environmats, with
particular reference to production of cohe and chincok salmen.




“d) -

€« Studies of sarine sigratices of coho and chinesk eaimsn which weuld
indicate wiaze and when hatchery-produced f1sa might be cevght.

7. Selective breeding studles of various strains of chincok salmon.

€. Studles of the ghysislogy and behaviour of wild calnook fingeriings
a5 3 basls for comparieca with artificially-rwared salson.

§ Studles of the effects of artificial rearing on age of return of
coho and chinook salnon.
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VI, SUMMARY COMMINT AND RECOMMENDATIONS

by
P Laskin

It is sotable that in the terms of reference for these reports there
underiylog Lafersnce that the research which was needed was going to be
ial- locally, degpite the historv of wiich have
Isesbore, and on othor specles of anisals. Two comemnts saen

(3) It is Ilkely thet findings In seme quite distantly relsted flald of
investigation sey suggest whole hew aress of Tesearch which should be exploved.
A goos sxample L4 the recont growih in understending of sechanimms of asimal
orlentatien, walch stems largely from work on iesects and birds. Pursvsd with
respect to salson, this new branch of dlology hus suggested that transplants
may fall If the domor stock Is not endowed with orlestation behavieur sppropei-

ate to its new environment. It i quite iikely that some of the biclogy ®ost
eelevant to sriificial snhancesent of salnen will be done by othwr workers on
sther animals.

{2) Bearing in mind that British Colusbla has o smaller catch of salson
than the ted States, the USSR or Japan, 1t seens llkely that more resarch
w11 by dece ca these gredlems outeide of Caneds thas inaise. Accosdinaly,
wch of car reteerch plaming diouid bo domw in falation 1o.wha's weiog o
“lembare. Even allowiog for what is mng o8 elombars the ot o et
questions whick might be relevant is and inplies more effort than is
Tikely to be cxponasd. Saisons 1ks ot1 :mq creatur conplex and 1t
59 05 exagIAration 10 sey that cbiainisg persacent amd substantisl wehscemst
267 bu inkazently moee 1fficult then space-age recketsy. Befure sbarking on
-ny wxpanced research prograns it should be made clear that e prebles 1s mot
= 1 8 large wxtent we

in
5 Arcbably gnoreat of the *aress of lgnarance”.
Conlog at the probles in this way, from the direction of what Iy not
nown, it would prodably be a long time before ene could expect to fully
Justify amy nu-pu n. enhancement, Evidently, the most prodactive apseoach
will be te chosse research programs thit vewm meet th-l and to periodls
cally spply the u-ums %0 new attempts at embancemen

Lxaluations

It s soteworthy that the reports do not contaln secomeadetlons for
tmedlate largesscale field m-h of E sy, canreny currest technigees. A large of
(he1a triais of this type hove Ftikan #5d re currently betng wnders

taken. Hewever, it i3 fot an -x.”-num 0 Assert that the literstire on
nr!w- trial u-s error l.ypu of salpon erbancement contalng -mn of
reay and anecdote {(and nlun(nnvmnoo»nh alled witchoraft]y

that Lts major contribution has W.u-n of the €11 ficuitins of ﬂumq
oul Just shat the enhascement effert 1s dolng to the saleon populaticas.




have been useful for other typss of experisentatlon. Bt they M-v fwver
..m muy ived -. (5 m enthusiastic arithaetic which ..-u
rea salts in producing oo il fiah. It would
(Ii‘h MMIW) Ihl Af an equal investment had been Lavolving
l'-n hatcheries, better svaluation and more research, we -u teday hno a
Better appreciation of how to 90 sbout bullding productive selmon hatcheries.
on construction o

avoclated very large chinook hatchery evaloation program (im which the Station
is involved) is a step in the right dizection. It is possidle that cerreet
Datchery plntuu 1s in sme inatances mskisg substantial and econdmlc contrl-
Juncture they are either rot evaluated or in the process

and complex, 1t would be unealistic to ML 0/ i don 4ty fish ullunl
’n)x: A el pmmstie contzell

and
particular opportunities should be exploited ey porantial, au-nn-
. lldu‘ affort §a dissipated ineffectually. A major itwestaent on one or two
woch evaluations (such as the Babine mmo—n&)muumndu
the nim of ignaring other projects 11 necessary.

Direct experiments are uu tise conspuming beceuse Uhay swait the
plessure of the snimal’s reproductive cycle. Ustil recestly, because m\wu
of -ﬁln lu‘o.uu. At was usually saly feasible to test one
Rypothetses # yoar cless. Recent developesats give promise of o -sh
grester mmy of marks for larger numbers of fish over & greater range in
incividusl size, with » resultant sultiplication of findings per salsen genmre~
lln- Thete seuns some proepect that wbille direct experiments mwat still take

tine (and -‘-u genetic factors are lmportast, perhips seversl geoeretions)
they may s00a be much sore preductive of rlIblll than previessly.

Surmarizingi= 8 mumber of salson erhancement technigees have been tried,
But to date there has teen little if any success. At the present time
saveral lllw-.e . umn way in Britieh u)nbln and elve-
whare usl) chansels. ustion of 2
faw uhchd Noﬂ- d this Ilnd should bc & major and nnrnﬂ
resesrch enterprise. It is recomwended tha

1) Emphesis should e given Lo an expanded progras of evalustion of
the Babine Development Project for seckeye echancement.

2]

Participation in the Columbia River (Ill-ol Patchery svaluwation
Would be continued, wnd expanded to include the svalustica of
csho hatcheries.

3) From tize to tine advantage should be teten of vcuwlu oppoT
\v-llln for of current
The namber of such projects should be Viaited.




Rizect 23100 nex

1t would be undesirable Lo confine reswarch sttentisn asd evalustion to

kinds of projects Lhat are planned by applied fleh culturiste. The fish
culturist's repertoire is perforce comprised of techniques which appear to
1sk. Thers resain & great sasy uumu pnmmm
kely to produce more fish lemediately mey open the
n the future. These kinds of ’tﬂnu will be

tad with each new ml.t 1m0 the mn- and wharsver they sees worthy
u-umu-ym be pursued with vigor,

In recest yours the Station has undertaken two such enterprises imvolving
incubator lm nnenrln. one for piek salson at Kleaza Creek, the other for
socheye salmon ot Lakelse Lake. The former studies were terminated by a flre,
tut isdicated -m. other thisgss that evalustice was complicated by straying
of adults, that departurs of fry from the hatchesy misht be prematusely stimu=
Jated by slit and that transplents might be compllicated by differences in
tenperature rogimes of the dosor and recelving stresss. Aopropriste research
thould precede further fleld trisle. The Lakelse experiment is not yet
completed, but has to date sujgested that the hatchery reglme did not substan-

50 sockeys seolt production, and that fry produced 1n the hatehery

Lo of hatchery fry. It seems 1ikely that Uwre by wvery meh
about the physiology and behaviour of young salmen before umnmry mumu
Tearing technigues can be perfected.

Several other possibiilties for mu n’-n—un bave been suggested by
waricus Lowestigatoss, Tor example, & aalmons (1) 1t might
considerably incresss the Likellihood ol mc-n ul establishing rune in off years
if sperm could be helic over for a year, thus providing genetic materisl of a
u:o prosiasbly sdaptad 1o the stream; (2) -l-uwly. with new marking techniques

night be ponun to simaltanecusly test meny donor stocks for transplantisg
nnh Saleon elther 1o new slivams o7 in o" yonrs) (3) sssatve transpionts

Alght overcome mnuy “mertality” occasioned by predators, paresites,
cannidalisn (by the ah), the ﬂthrl". or straylng (which Joeks Jlke
sortality in the n-lu). (4) fry might be moved from frech water 1o well out

At sea, bypassing the widatantisl mortality in the flirst weeks of ses 11fe (but
perhaps Killing the fry in & differant way)s

There 14 certainly oo lack of Leaginative schwmes for fleld experimen

#lther with pirk salmon or the other specles, to say nothing of the .ﬂlllbﬂllhl
in fields such as lake fertilization, lake poisoning. Mﬂdlutlon. selective
Sreeding and wo on. Hnat s lacking Ls & seund snough body of background unde:
standing to ensure that these KMI are really mlll um"lﬂu "
this tise. Fleld Ll

s long tine, and must be thorough to produce n-lu CommensuTY
effort. Accordingly they should be few, woll chesen and well




2ingi~ the Station should undertake f1eld experimsats shich
o-.lan o kinds u uwn enhancenent but the nusber of yuch pnh:n
be kept wmal steure thoroughnest. It ls recommended thal

1) Stules, begun ot Lakaler, o charsctariatics of ssleen fry
produced by artif clul Tearing techniques, should be
tinued and

Fleld -mﬂ-m ‘ltl will un new schemes for salmon
ot should N whanever there 1e & wufficiest
bady of new xnlunuon o make an expensive trial worthehile.

2]

nplied in the foregoing, and svident throughout the reports by the
that our ignorance of salsen biology is vast,
been disappolnting, and that currently there
is need for lnm-ﬂ“m‘wauw;ml-. m-mbuw
before - each cycle of disenchantment has brought greate:

slze of U taak, and ln Qiven rise to demands for new nm nl lnu-llm.

This {5 certainly the pattern that has been followed in recent ywars in
the United Statas where the totel research and Sevelopment expenditure Lo
several times larges than in Cansda. For exasple, sssociated with hatchery
prectice there has Beon wubstantisl development of studies by
devoted to disease problems, and sutrition questions. Simllarly there has been
# shore, recent history of studies on physiology, gemetics, selective breeding,
attespts at lake fertilization and w0 on. Whils for varicus resssas progress
by this large group of workers has bean slow there {s no question thet their
exiatence reflects realization of thw many aided compleaities of salmea schance
Dent.

There 1s alse much relevant work going on in Eurcpe and in Jepen and the
USSR

of tindings for
llm! .np-rl.en. o provide acvice for -xpuurq wlq—m p'w- wnd
necessa
1 salmon bl.lm-

to provide an t
enlarge existing progrens and 1o expand work in all aspects

Some Current stedles st the Nesalne Stetion which are nhnn\ IA m-
‘ =y to questions of salaon enhancement are the l-ua-h-pu u)
| much needed studies Ol sarly llh !lluﬂ of coho ard chincok 2
| wearch on dehaviour of scckeye fry in early 1ife history -umuu. *3) aidtes
of fectors influencing age of .mny of sockeye, (4) Iowestigetions on kokanee
which may have muun-bn Televance to the wiccess of fish cultural efforts
10 Increass sockeyw profuction, (5) studies of the relaticn betwwsn o935 slze
and f1sh slze In ua-y- (6) extensive chservatices on the blology of plek
salmon in their early sea life, (7) stodies on kidrey disease, a particularly
| Arportant probiem in the hatchary cultire of chlnock saimen, (B) studies on the




Bacterial flora of stresm incubated salwen eggs, (9) extenslve research en
ssamning behavicur of Pacific salmon.

To broaden the current .ulvl!lll in directions meat llkely to best

sspplesent present lmulmln Pece wlsemhere and to best ewlmt
progras of Branch, the followlng
sctions are recomnel hd are plasned for 196667 and in estimates for 1967-
€8) in additlon to stedlies recommonded above on svaluatise sed divect experi~
mnteae

(1) »00ition of a gemeticlet to conslder preblems in Beredity, selective
Brewdlng and hybridization of salmon.

(2 mmun of new stusles on e9y physiology and bedavicer to increase
retanding of ressons underlylng fallures of current fish cultaral
uunlqu". and Lo wggest mew Lechniques.

anding

(3} expansion of el Lo obLaln better unde:
of early -r\lllty of plﬁ uh‘n in the ses.

(4) erphasts on nuteitisn and grewih swudles in physielogy.

(L3 -«mm of - strenn blolegist to m-u- Stulles of wide appllcation
noement techalques and pollut

(6) adaition of studies on dlsasses of wild populations of salmen.

(7) additlonal studles sa parasites of salmn and thelr incidence and
effects in netvral populations.

wn -aluuul r-wr«- in future you:

y further activities in sddition
above, might isclude several
more of the u-- o lnvnll.ul.n Faddomandsd K the Sopaits sh 1edivicual
spvcies. Notable among these wewld

(1) Inciusion of more resenrch on ¥ 11Me Matory of codo and Ghinook
salnon for which there will be growing problems. Ihe presest stodies
of 1ALy Imweatigetien are In an expanding phase 1hat should sugpest
ety new Lines of study.

(2) studlen o0 chum welnon, particulariy the illly it hll(aw Atages that
aze Involved 1n current salass erbancement prolects

(3) studlon on spamnlng requirements of all specien of saleca.
(4) stasios on “deminance” 1n sockeye populsticns.

(9) detailed investigetion of howing, particulariy of pink and sockeye
salson,

(6) predator cemtrol studles partlevlazly for sockeys salmon.



Canduct _of Restaxch

It is valustle to emphasize that while the foregelog Indicates what might
Be undertaken in the view of the suthers, that in the sctual doing of the
sesearch, the investigetors should declde what L4 to be done and how to o 1t
For thls reason 1t Is mest realistic %o outline only the prebless of concern,
But net te pian patterns of activities that will restrict the potential contri-
bution of the researchers.
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VII. SUMMARY AND RECOMMERDATIONS

by
W.L, Ricker

Two general types of research are reccmended:

Sauses of 2OCLAlALY Of SAISOD AN L2 CoOteXt Of ANeAX SOLAL SOVAISTRRUL

ALl five species of salwon must be studled ladivicually. ALl 1ife-
uuury -u'u may nalw nnnﬂon. But the yeunger ulqn are particularly
sultable because with the opportunities for intreasing
w'mu « Egos, fry, ﬂnuum and (for coho and sockeys) yearlings sre
specially involved, and early sea life must be inciuded. Such stusles make it
possiblo o predict Likely results of snhancement procodies.

. Eigld trials of meawiee that sees orosisins in the dlght of werk dice
o date oz in future

Fleld triols sheuld Be conducted as te hypotheses, with l-ll vee
of controls, whether the vnllcw hnun in growh o

survival 1s actually belsg II!ALM. wd 11 oot gliy SOt In WAle way lluun!
% well a3 successes will costrilute lsportantly to the final goel.

Some fiald trials that will of ascessity tmvelws Jerge-scale Snatal-
latlons and oparations should ba discussed with the Resource Drvel come
Service to see If a cooperstive effort is desirable.

A flels trial cen be started as soon lnlmllw 1s avalleble Ledi~
cating a nmlllng llm of attack. Hoeever, there will usually be required sne
0 several yoar achgrousd atudy st the alte chosen (unless 1t Ban alresdy
been adequately mm.a).

These two approaches, A and B above, are st soce comimentery s

Dutalled and will suggest
promising field uum while tield trials will lnqmmy nmc. un que
opportunitios to test tentative conclusions by cbserving the yeung fish in &
raw o3 modified envirorment.




A Laboratery aod field iorestisations

(1) Comparative physiciogy snd mbeyslogy of a8 of the 5 sweclas of
salnca, #ad even stocks within 3 specles, especially their
Teretation 2o oxygen and otter eavircemental con=

ditiean.

(2) Sy of .p-ﬂn. requirements (gravel size, cepth, cusrent, ete.) fer
all species of salmon.

{3) Additional stedy and comparisen of behaviour and development of fry in
ouwl and uln exposed (rommal hatchery) conditlons, and detemination of
t survival. Cosparisen of chuma and pirks with sockeye Ln thess
nmtu later al3o cshoes and chineokse.

(&) smﬂu of snimals, plants and nu.unn in the gravel of -p-ml
-m- typan, and in val of
o0 0998 acd {1y in 8ifferent natural or eperisental -uu-um ummn'
dl“"vm founas and flores.

{3) Additional study of early sea life of pirk salmon at Burke Channel and
ibly other sltes, 1o Ldentify causes of mertality end learn Lf oy are
lable,

o
aveo!

(6) Similar studles of cham salmon at a weitsdle site oF sites.

(7) Stcies of diseeses of salmon in nature, especlally ascep e younger
stoges.

(8) Simllar studles of salsca parasites.
(9) Selective bresding of stocks (with oF without hybridization) that

would be better adapted to ll‘\"l‘lll corditions of varicus sorts (hatche 3
channele), or would have superior grewth, survival or market characteristice.
(10) Stuty of { Lally counes of

type. Sockeye 4alnc, 10 66 whether thels present Linlted S1stributien Tefiects
special Tequirements that exist in oaly a few places.

(21) and study of rnmc salmin of
forelgn species or stocks, where there seems & possible sdvantage In this.

Tho enly mew species available is the masu salmon, and the possible
advanteges of masw over coboes (which heve » simiier 1ife history) are net
abvious, but could be examined. Many stocks of Aslan chum salmen feed in
frosh water and o to tea #t a larger sire thao ours do. Buch a stock might
produce a greater surplus for catch than native stocks in some British Colusbla
streant.

(12) of stocks to learn sore
about what governs success or fallure.




This project -nlu the of good 3
that masy denor stocks cus be tested simultacecusly ot o sitgle uu. Amother
very useful techaicel development mu be atcrage of 1ive sperm for & year,
%0 thet mstive plok salmcn geows could be Introduced inte leported off-year
rune In places where one of the teo llses is missing.

(13) Detalled inwvestigation of homing in 4 species of salson.

This iw-hnu s required in relation to (11} and (12) nhm. »d for
other parpesas. Only sockoye have Dees extensively stusied o date

(14) Assassment of U posalble value of predaters in malntaining barge
average size of the individual fish, especially among pick salmon.

Tt 1s well known that ssaller sockeye

o) Pot survive cearly as
well as larger coes, and that the maller solts year=clase tend to proe
duce the sasller odults Al Amy glven as. Parker's reces!
$UgPest that the same sy bw true of pink salmco fry. Se notes also that in
o yoar of esceplionally geod survivel (1960 M. meturlog In 1562) the slie

of the adults -uunmmy-.n on the aversge, and also very varisble. If
these effects result fros a (mnl) ml-. of predaters to krock off the
slomer-growing fry sed u-omin-. sy schese to increase survival of
young pleks produce adults, How-
ever, it is also pﬂulllt thll the slies neted In 1962 were salnly & resalt of
competition for food amorg members of the wnusvally large population.
oxperiment to test these alternstives should be carried cul a4 won a8 fessibie,

(19) Comtrol of predators during a critical Mfe-history stege.

Lifo=histo: ll*l in which sainen are pasticularly vulnersdle to
{ry during cownstreas mi

t while, sos it S8 possll
of umo value during » um u--pnu " could prebuce. inporisat bemefite st
low cost. The procedure proposed is to examine sites where predation on salmon
aemns 1ikely 10 be heavy, to svaluste it guantitatively aod detemine
species invelved, and to experiment with selactive contrel procedures preperes
tory to fleld trials.

(16) Rearing saloon %o market size In salt water, using low-cost fish o
the majer feod.

There are at ’n-nl in Britieh Columbia three sajor sources of flsh
protein that have a wndt values berrirg (used for seduction), scrap
groundfish (used !w -lnk food), and doqlhﬁ ot used v-u- t under government
subsidy). ALl are poseible hatchary & f0F saleon, and converslon rates of
5:1 or better can be anticipated. SCUS" Mli be begen a3 s00n as possible
1o estedlish appropriste dicts for fast grewth snd (in the tarmisal nm-).
good flavour) also densities of fish that can be maintalned, water
feeded, etc.




The procedures 1isted below nlnm whow somo promise of making
salmon stocks, on the basis ol abura-

o
tioss and research dore here or elseshers.

(1] of the of artifictal spawning channels for sockeye.
This -mc lma trial is already unde: Sabize n coopera-
tloe with the Re Developaunt Servite:  Sinilor work nln' em- and pink

ul-ﬁuouub-nlund for the near future.
(2) Evaluation of prodiction of chincok and coho hatcheries by marking
and of wild and 23

We are alresdy .unuq weh unuu States np-nnuu oa hatchery
uu-n. 1t Ls proposed to add codoes next year, asd the prolect Aas seversl
ars to run. It would be nmmc to au fish from a Cumhn hatchezy to the
grow, € ofw 1o eatablished. Muastioe we could gut some -nmous bernfit
this big g cooevery tllot( vy pumn. Qut our own marked native fish -
hc-u we have almos to the fishery
returny '-m-ual-luunuumnulm Naturally-produced
-A-um ahosld be used. A ynuu 13 the linfted nny ol -ut- -vuhun.
the microswire tagging que makes the
hulbh for cobo wmolte At lesst, Mlod » fin -ui hc\pon oam) u used
in conjunctien.

(3) Transglamtation of chincok and coho sdults or eggs or fry into Teaches
of streans slove lspasasble barriers.

Uerused wtrvan h‘lnu Wwers Lo of fex the grestest lewediate potestial
for increasieg s f these two specles, cohoes in particular. Ihe experi-
ment should be Gone at one O a few sites, and results evalusted by saepling
downstress migrants, narking sew, and collecting sdults in the flstery and
near the stream barrier. See (?) above for fishery recowery possibilities.
Only stocks sative to the strean sheuld de Used for transplantation sbove the
barzier in this particular experimest.

if geed production of mxu ll obtalned, there will arise the question

of whether it can be most by contisued
of by constvction of & fishway.

n-::) Large-scale tramsplant of pink salmes to & site where the off-year it
It 1s netessary to test Dr. Neswe's Bypothesis that in localities ware
alnimus

cff-yoas phi Stocks are small or sbeent thwre ls #tock size below
which the population cannst aAintaln 21eelfe . The aotual traneslant should be

preceded by at least two years’ study, one of the "on-year steck in the area
1n westion, and one of the stream in an off year.



(3) Best utilization of surplvs fry.

Seckeye and eobn both waluuy live for at least a year ln fresh
water l-'m 99100 %0 sea. Thare iu conalderable eviderce that |
Lebenarawm 1n the fry u nqnu-q stages (rether than the egq nu.-) that
mnlyluumm. <choes, and the same is probably trwe of
sockeye in voow lakes 07 parts of lakes. Uider such circumstances sl or
sporadic ml-n of eggs and fry are almost unavoldable in some areas, ang
the guestion srises as u whether egot might be taken or fry n-uun‘ wnd used
e @lsenture. Lakes Or strewns rot at present used by these specles
e o STfe aktractive possibiiit

Transplants of cohoes would be sislliar 1o those under (3) atove except
that the stock used would in genwral net be native 1o the trem In question.

Regarding seckeye past experlsents in stecking fishless lakes, though
"ot well documented, sometimes resulted In production of falrly large mmbers
of residuals as well as -lu; and in fact the situstion for sockeye is
really ot the experimental rather then the fleldstrial » + Comparimes
introductions into different kirds of lakes, for exmple those with and mhm
other fish, might yleld critical inforsation.

wide sdoption of this procesure an Important peint will n at
of establishing where surpluses of fry exist. Is l fow places fry are

downstroan 1nto unsultable waters without opportealty of seturn, and u-u
should be given first cesslderation. l"- mllv it will be necessary to
wvaluste the fry requiresente of & atress or lake before declding when the
optimm T has teen exceeded,

(€) Pertilizstion of sockeys mursery lakes.

Prosont=day mvarege Lemls of adult f1 shtalned fren sane of Sho mest
famous sockeye nursery lakes continue to lag behlnd historic levels (for
exangle, Karluk, Babine, m-p). What u more disturbing, the estinated
waximam levals of yiaid from optime

thelr young either by a falrly dlrect food chain
MUl tdbacteriadontonostrocans), oF by less dizect contribution to U lake's
Blolegical ecorcmy via \lmnllxnlua s 50 that with todsy's maller spewning
populations the lake hae 3 reduced capscity as » mursery for the young flsh.
Exp‘lhml Icl{llll.un of a small Alllll lake with irorganic ltrlﬂlllﬂ
increasod the growth rate and survival of seckeys there for the ahort
Lasted,

While lllhlll.ﬂ of & large lake would be falrly Ol’nﬁlin. i
should be compared wi uluo!mnu.ul-nm s pight te
thod of the ‘ mn -e:lm

froe some lakess The -nu wults could be obtalees by Lne ing \he slze of
the molts, Fother Than thelk Mumkers, since marine miavival iscresses Teptoly
#t wolt size incresses.




ALl sapects of \Ill -nuuu\ n.tln intesaive study, aed o Lake
hould be selectod as possible background studlies prior to experi-
awatel hnnlu(tm

Ceolusien

The research projects and mn ul- hw atove Include projects
that have been discussed and advccated the Nanaiso Statice and the
Vancouver Laboratory. The eract ﬂvluo« -l labour in future cen be worked
out in the Iight of future budgets and facllities at the two sites.

start oow on all the projects Jisted (not to mention cthers that
vl u—n ‘b Seveloped) would mm- mon, tescurces and facilities .muy in

excess o present salzon

Thus priorities among iavestigetions nd £1014 triats will have 1o be st up,
tolated 10 their promise, cost, men svailsble and o on. No important source
©f funds or marpowez s avallable witain the two staticss without crispling
Sther importent Lines of work,

11 Canada is serious about lumun the salmon resource in 3 major
wuat tAink in terws of eventual gogual expenditsres of tens of milllons
ll dolhl‘ for cperating and meintaining the mecessary facllities. In khll
context, 1t would eem SeaiTable LhAt Femearch ¢1fort needed 1o make wuch
lnlli!l" 'meun be limited “enly” by cur capacity 1o plan good progreas
nd geod imvestigators, rather than by svallability of money or positions.
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