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ABSTRACT

J. R. Brett , W. C. Clarke, and J. E. Shelbourn. 1982. Experiments on thermal
requirements for growth and food conversion efficiency of juvenile
chinook salmon, Oncorhynchus tshawvtscha. Can. Tech. ReP. Fish. Aquat.
Sci. No . ll27 z iv + 29 p.

Feeding and growth experiments on Nechako River and Big Qualicum
River chinook juveniles vrere conducted for 28 days at temPeratures frqr 16" to
24" C (Nechako) and l4o to 25" C (nig Qualicr-ur) . on maximum daily ration ,
opti\Uq temperature for growth was approximately 19"C, above rrhich feeding and

giowttr decreased particularly above 22"C. Mortalities reached 647" at 25"C, it
agreement with earlier studies on lethal temperatures. In corparison with
Qualicun chinooks, Nechako juveniles had a lower growEh rate and food
conversion efficiency at all but the highest temperatures.

tleasures of growth rate of natural populations in the Nechako River
showed that the rate corresponded Eo a feeding level of. 6OZ of maxinurn daily
intake. The effect of such a reduced ration on the optimum temperature for
growth was deduced from a response modet for sockeye salmon. Thig
showed that Ehe orpected optimum in nature for growth of Nechako River
chinooks would occur at 14.8"C. It was further deduced that sublethal growth
stress QOf" reduction in growth from optimum) would occur in the region of
l8-19"C, and that for this feeding level no growth would be possible ar
2l .4" C.

Key words: chinook salmon, Eemperature effect, growth rates, food conversion,
racial difference
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J. R. Brett, Ut. C. Clarke, and J. E. Shelbourn. 1982. Experiments on thermal
requirements for growth and food eonversion effieieney of juvenile
ehinook salmon, 0neorhvnehus tshawvtseha. Can. Teeh. Rep. Fish. Aquat.
Sei. No. 1127: iv + 29 p.

Des exp6rienees portant sur I ralimentation et la eroissanee ont 6te
effeetu6es pendant 28 jours sur de jeunes saumons quinnats provenant des
riviEres Neehako et Big Qualieum e des temp6ratures variant respeetivement de
16 a 24"C (Neehako) et de 14 a 25"C (Aiq Qualieum). Moyennant rne rat ion
quotidienne maximale, la terpdrature optimale de eroissanee des saumons dtait
dfenviron 19"C; b Lne temp6rature sup6rieure, il y a eu une diminution de
I falimentation et de la eroissanee, partieulibrement au-dessus de 22"C. Le
taux de mortalit6 a atteint 64% a 25"Cr ce qui eoneorde avee des 6tudes
ant6rieures portant sur les ternpdratures ldtales. A toutes les tempdratures
sauf arJx temp6ratures les plus 6levdes, le taux de eroissanee et Iteffieaeit6
de la transformation de nourriture ont 6td plus faibles ehez les jeunes
saumons q.rinnats de la rivibre Neehako que ctrez eeux de la riviEre Qualieum.

Les rnsures de taux de eroissanee des populations indigEnes de la
riviEre Neehako ont montrd que eelui-ei eorrespondait e une alimentation
6quivalent b 6O'^ de la ration quotidienne maximale. Lteffet drune ration
aussi rdduite sur la tempdrature optimale de croissdnee a 6t6 d6duit b partir
des r6aetions enreqistrds ctrez le saumon rouge. Celles-ei ont nnntrd que la
croissanee, dans la nature, des saumons quinnats de la riviEre Neehako devrait
6tre optimale a 14r8oc. 0n en a eonclu 6galement que le niveau sous-ldtal cle
croissance (baisse de 2O% par rapport b I'optimum) serait atteint entre 18 et
19"C et gu€r b ee niveau dtalimentation, aueune eroissanee ne serait possible
b 21 ,4"C.

Mots-el6s: Saumon quinnat, effet de la temp6rature, taux de eroissanee,
transformation de la nourriture, diff6renee entre les raees.
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I. IMRODUCTION

Altered flows and reduced discharge of water in the Nechako River,
Bricish Colrnbia, have resulted in temperaEure elevations considerably above
normalr oo occasion temporarily exceeding the lethal temperature for rcst
salmonids. The Alr-uninum Company of Canada (Alcan) holds the water licence for
developing hydro electric porter in the regionl. Following the construction of
Kenney Dam, located at the outlet of Natalkuz Lake, Ehe headwaters of the
Nechako River were diverted wesEward to the Kemano generating station; spill
into the Nechako River was subject to full control by the operators.

In 198b, At"ttt planned to reduce the spill discharge into the
Nechako River to a lower level in order to provide addiEionat water for poner
generation. This caused the Department of Fisheries and Oceans Eo become
concerned for the safety of resident juvenile chinook salmon (O"."rtryn.tr""
.tshawytscha)andmigrantadu1tsockeyesa1mon(q.nerka).As@
DeparEment entered into discussions with Alcan T" or.aE to ensure that
discharge into the Nechako River rdas adequate to provide the salmon with
sufficient habitat and to proEect them from excessively high wacer
temperatures.

The present study was undertaken to determine the effects of high
water tehperature on growth and food conversion efficiency in juvenile chinook
salmon. Such information was required in addition to fiela observations in
order to assess the potential for sublethal sEress imposed by reduced feeding
oPPortunity in warm water. Knowledge of temperature tolerance and subleghal
stress resPonses of chinook salmon is far fronr adequate to define safe thermaltimits. Indeed, the question of setting acceptable timits of natural
environmental factors like temperature, wtrich can range from beneficial to
harmful effects, is a problematical one for precise definition. It is
Eherefore considered necessary at the outset to outline the plan of research
and its conceptual basis.

II. RESEARCI{ PLAN

The criteria for seEting safe limits of temperacure for fish have
been considered by various auEhors (".g., Coutant 1977; Alabaster and Lloyd
1980; ElliotE l98l). It has been noted, for instance, that no direct relation
exisEsbetween1irnitsofdistributionanduPPer1etha1temPerat@tne
latter usually being 4"-6"c above the limics of normal envirorrnental
experience. One principle governing Ehe criteria for deEermining tolerable

lIn 1950 rhe
divert a portion
Kemano River.

Government of British Columbia granted
of the waters of the Nechako and Nanika

Che righ t to Alcan to
rivers into the



Eemperature;

O) Field srudies of residenr
samples taken through the growing season
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sublethal stress involves setring acceptable limits to the reduction of suchvital functions as swiurming speed, metabolic scope, reproductive capacity,growth, and food conversion efficiency. Because such information or, chinook
salmon was almost entirely lacking, recormendations for safe limits of
temperature elevarion were made initially by inference from knowledge of other
salmonids, particularly sockeye salmon (Brett f969; Bregt et al. 1969). rngeneral, abundance of sockeye juveniles is curtailed at high environmengal
temperatures where growth capacity and food conversion efficiency are reducedby about one-fifth of that for the optimum temperature, :lccordini to the
feeding level or ration involved (Brett l97l). Because rising temperaturesplace an increasing demand for energy to sustain retabolism, trigt ieeding
rates are required to achieve good growth. Atternatively, if feeding
opportunity is restricted, a shift in the curve relating growth rate to
temperature occurs such Ehat the optimun temperature for growth decreases.
This temperature-shunt phenomenon has been determined experinentalty for
sockeye salmon (fig. l), brown troutr y€llow perch, and whice suckels (Brett
eE al.1959; Kitchell and Stewart 1977; Elliotc 1976; Koenst and Srnith 1980).
The principle would apply in a similar fashion to srarving fish which wouldlose least weight r*ren at the lowesE tolerable temperature. The verticalmigration of lake-dwelling young sockeye into cold, deep water in surmer has
been explained on the above energetic hypothesis, n'hich- is a furtherillustration of improved growth 

"t lower Eemperature when food is limiting(Brett L97l; Bierte and Geen 1980).

To determine the relation of environmental temperature to the gronth
capacity of young chinook salmon generally, and more prriicularly for thelevel of feeding opportunity of Ehe Nechako River popit"tion, 

" 
L"ries ofstePs involving laboratory experiments, field obseivations, and theapPlication of salmonid growth rnodels lras necessary. These entailed:

(1) Laboratory tests Eo establish the relation between tenperature,ration and growth from which food conversion efficiency could also bedetermined- The exPerimencs involved local stocks of .n Lppropriate riversize, and ltere conducted during the season of maximum enrironrental

populations with representative
to establish natural growth rates;

(3) The application of developed growth models (for coho and
chinook salmon) involving Ehe parameters of raLion, temperature, and fishsize, which would permit determining the natural feedini rates of the juvenile
salmon for the particular river growth they achieved;

(4) FurEher, because of Ehe possibility of racial adaptation to the
Ehermal characteristiis of a given watershed, some comparative sEudies on
chinook from an entirely dif ferent locaEion !ilere conducted.

In brief, the objective lras Eo develop the curve that represented
the expected temperature-growth relations for the daily feeding level of Ehenacural populacion. From thisr 8o informed estimate of limits of maximum
suitable environmenEal temperature could be ascertained.
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MATERIALS AI{D I.fiTHODS

A. EXPERIMENTAL STUDIES

(1) Source and supply of fish

Chinook fty (n = 280) were obtained in early May by seining in the
upper Ne0hako River. They lrere Ehen shipped by air to Ehe Pacific Biological
Station, Nanaimq, B.C. On May ll, 1981, a sample of 30 fty had a mean length
of 3 .85 cm + O.37 SD and mean weighr of 0 .41 g + 0.21 SD . The yolk was rcstly
absorbed, aTf fry being 'fbuttoned up". As indiEated by the .rrti"rr"",
Ehe range in length and weight nas considerable, with some of Ehe fty in
fairly poor condition bordering on pinheads. For experimental purposes, these
ltere subsequently weeded out, using only those that fell wittrin +lSD of Ehe
mean.

A comparabte sEock (n = 44O) fro'rn the Big Qualicum River hatchery
(vancouver Island) was obtained in February, l98l r 8s eggs. The hatched ity
were held at 5"C. When sampled (n = 30) on Ehe same date as the Nechako fry
(Uay 11) they had a mean length of 3.88 cm + 0.05 SD and a mean weight of
0.44 g + 0.05 SD. Although of very similar-average size to the Nechako fty,
the Big Qualicum fry were not fully buttoned-.tp and nere of very uniform size
wichout any suggestion of being underfed.

Q) Culture and temperature history

The two stocks were raised on Oregon Moisc Pellets (Ot-tp) following
an initial appetite stimulant of brine shrimp. Feeding was three times per
day to near saEiation. Temperatures were maintained at approximately 10"C
until July 27, then raised to l5"C for I wk. At Ehat time Ehe fish were
Eransferred from the culture tanks to randomly assigned experimental tanks
Q3) in which the temperatures nere uniformly sec at z}"c. A toral of 30 fish
was weighed for each tank on August 5, the start of the 28-day experiment .
The assigned experimental temperatures !ilere then set for each Eank on that
day. A sample of 25 fish from each of the river stocks nas drawn frour the
remaining reserves for determining initial dry weights. Final dry weights
were obtained for five fish from each of the 23 tanks following Ehe last
weighi.tg. The dry weight of the feed nas also determined aE the start and
finish of the experiments.

(3) Experimental design

Because of interest in Ehe effects of narm water on Ehe viabilicy of
young salmon, experimental temperatures vrere chosen in the vicinity of the
expected optimr:m (between 15" and 20"C) rising to the limit of temperature
tolerance, in the vicinity of the upper lethal temperature at about 25"C
(Brett L952). In essence the sockeye model (ri.g. l) was used as the
prototype; however, the sensitivity of the present study was increased
considerably by testing at l"C intervals instead of the wide-ranging 5oC
intervals used previously for sockeye.
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I{ith the lesser number of lty ayailable for the Nechako stock, the
selected temperatures nerel 16:, 19", 2O", 21", 22", 23", and 24"c, wiit
replicates performed at 20" , 22" , and 24"c (total of 10 tanks). Th; Big
Qualicum stock was tested at, a slightly wider range of temperatures: 14"15", l9"r -19' , 2o", 2L", 22:, 23" r-24"-, and 25"c, with replicates at zoo r'22o,and 24"c (total of l3 ranks).

Food was carefully weighed ouE each d"y, with the last feeding
continued until- pellets were rejected. This nas estimated (Uy counting
uneaten pellets) Eo be 5Z in excess of satiarion. In this wat Ehe r"*ir,rt
daily ration (Rre*)-was established. Food convbrsion efficiency naa
determined by relating the total dry weight of food consumed to the dry weight
of growth achieved. In the few cases rr*rere fish rrere injured or died 

-b.trn""r,
weighings the assumed quantiEy of food eaten was prorated according to Ehe
fraction of the period that the fish were alive.

B. FIELD STUDIES

Sampling of Fish

Juvenile chinooks nere trapped or seined within 2 kn of Irvinets
Lodge on the uPPer Nechako River approximately l0 km downstrean from CheslattaFalls, the outfall of Murray Lake. The fish were either measured and weighed
irnmediately (trapped), or preserved in alcohol (seined) and weighed later.

Sample size was usually 50 fish, birt dn occasion only smaller
nr.mbers rrere caught ranging down to ZO and 10.

Fishing began on March 22nd,, 1981, and continued on a daily basisto May 8, 1981. Late in May and early June some rpre samples rrere obtainedwith a lapse until September when intensive sanpling lras ienewed lasting
throughout the rnonth. River temperatures lrere recorded at Irvine I s Lodle .

RESULTS AND DISCUSSION

A. EXPERIMENTAL STUDIES

(1) Mortalities and lethal temperature

Because of the limited number of Nechako chinooks available, only
the Big Qualicun juveniles were exposed to a temperature over 24"C. Orr" tank
sas assigned 3 temperature of 25"C. Over the 28-day period, the ternperature
averaged 24.8'C 10.4 fange. -AlEhough most fish appeaied to be feeding at the
start (ttrey had come from 20"C), within a week it was apparent that many had
ceased to feed. The first fish died on the 8th day, and fish continued to die
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sporadicalty reaching a cumulative toral of 64"A dead by the 28ttr day (lable l,
Fig. 2). Moribund fish rdere frequently bloated with water and .r".rr1ly
developed popeye.

At 24"C, two Big Qualicum fish died on the 7th and 8th days withour
any further loss. Since a mean growth rate of l.6Z wt/day characterized the
stock as a r*role Q Qualicusr tanks and one Nechako tank, for a total n=75) no
direct lethal temperature significance was attached to these 2 cases.
Presumably, temperature had precipitated death frmr other causes.

The upper lethal Eemperature for juvenite chinook salmon (4.4 cD,
1.03 g) from Dungeness River hatchery, I{ashington, U.S.A. \ras determined by
BreEE (1952) to be 25.1 "c + 0.1 sE. Fish were resEed for a period of jusi
over I week. At 24.5"C the-resistance times nere reported to exceed the
al lotted test time i. e. , less than 502 death rdas recorded . At a tes t
temperature of 25.0"C the times to 5OZ death were deternined as 7.4 days when
acclimated to 20"c, and 8.5 days r.rtren acclimated to 24"c. This illustrates
the fact that lethat cemperatures are a sensitive physiological index. At the
critical thermal level a change of no nore than 0.2oc can make the difference
between life and death.

The present experiments were not directed at determining lethal
temperatures, but the tank temperacures were elevated to border on the known
leEhal level. From Ehe results at 24.O"C and 24.8"C the temperature causing
5O7" death (Lr5g) in 28 days was 24.7 oC. There is insufficient evidence to
conclude that any significant difference in leEhal temperature occurred
between any of the present stocks (Qualicum and Nechako) and the earlier tests
(Dungeness stock). In general, Ehey confirm the previous findings as far as
lethality is concerned.

(2) Growth rate x temperature (satiation ration)

As expected from results with oEher salmonids the growth rate rose
with temperaturer psssing through an optimum and then fatling rapidly as the
lethat temperature was approached (fable 2; Fig. 3 and 4). The apparenE small
but positive growth raEe aE 24.8"C for Big Qualicum fish contains a bias in
Ehat the size achieved wgs Ehat of the survivors - 367( of the toEal. Loss of
weighE and subsequent death characterized the balance, meaning Ehat if they
had lived the net result Fould have been negative growth. With this exception
and the loss of 2 fish at 24"C (nig Qualicurn), the points represent Ehe mean
growth rates over the period of.28 days.

A paired t-test for treatmenEs at comparable temperat,rr""i (10)
indicaced that the Big Qualicum fish grew significantly faster than Ehe
Nechako fish (p
related to body size (Brett and Shelbourn 1975). If the growth rates r€re
adjusted to'account for the larger starting size of the Big Qualicum fish, the
mean difference between stocks would increase frqn an average of 0.ls?lday to
O.597lday, i.e., a highly significant difference (see Fig. 6, and later
di scussion). ,
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Fig. 3 and 4 illustrate the growth perfornance of each stock in
'relation to temperature. The lines represent nonlinear quadratic fits to the
data (table 3). The standard deviations for the growth rates predicted by the
regression equaEions at L9"-23"C were O.OZZ-O.O3Zlday; however 'the mean
difference in growth rate between all replicates lras + 0.ll Z/day (table 2).
The peak growth response on maximum ration was estirnaEed to o"",ri at 20.5"C
for Ehe Big Qualicum stock (3.327"1day) and 18.9"C for the Nechako sEock
(3.l57lday).

Despite the lack of comparable temperature precision in eartier
experiments iC is clear that chinooks have a higher optimum temperature, of
the order of 3-4"C above sockeye. This is undoubtedly in keeping with their
habit of occupying streams during the surrner rrcnths, unlike sockeye drich
daily descend to cool, deep lraters durin! July and August.

(3) Feeding response

Daily records lrere kept of the appetite displayed by the fish in
each tank. At every temperature up to 22"C the response was at least good,
and rnostly eKceltent. There was no noticeable change during the 4-week
period. At 23"c an initial good appetite fell off by the 3rd week to fair.
At 24"C, the appetite sequence was recorded as good + fair + poor + irregular
in Ehe final week. For the highesE temperaturer dt 25"Cr 8r initial fair
response quickly fell off to poor and then to nil (wittr food rejected) by Ehe
second week. This coincided with the start of rnortalities.

(4) Food conversion efficiency

Food conversion efficiency in both stocks exhibited littte change at
Eemperatures from L6-2L"C (fable 2; Fig. 5). However, the difference between
the stocks was more pronounced than for growth rate. A paired t-test for the
ten comparable treaEments demonstrated EhaE the food conversion efficiency of
the Big Quaticum fish was significantly greater than for the Nechako fish
(pc0.001). In contrast Eo growth rate, food conversion efficiency is not
known to be size-dependenE for juvenile fish. Hence, the difference in
sEarting size beEween stocks would not be expected Eo influence the
comparison.

Despite the broad dome shape of Ehe relationshipr optima were
computed from Ehe nonlinear quadrat.ic equations. These !rere 19.6"C (3O.97"
conversion ef ficiency) for the Big Qualicum chinooks and 19.8oC (25.L%
conversion efficiency) for the Nechako chinooks. These optima differ from
those determined for growth rate by about loC. However, the curves are so
flat in this region Ehat loC alters conversion efficiency by less Ehan
0.27'-certainly not a biologically signif icant dif ference.

(5) Temperature relations for conrmon size

In order Eo further the growth cornparison between the two stocks,
the specific growth rates (C) \rere corrected for initial size difference by
applying the general equation developed for salmonids: .Q,n G = 5.42-0.40 1,nWt
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(trett and Shelbourn 1975). A common starting weighE of 3.0 g was adopted.
It vas assumed that the equation parameters applied equally at all
t€rperatures. The correction called for adding O.l2Z wtlday to the observed
val.ues for Big Qualicum and subtracting 0.327 vrtlday for Ehe Nechako growth
rates. The qncorrected average dif ference of 0 .l5Z vtlday became O.597" lday.

It rras also possible to extend the curve relating G to tmrperature
bt reference to studies performed by Banks (192t; Banks et al. I97L) and

ndetted by Stauf fer (1973). Resulls obtained for temperatures at 7 .5", 10",,

lZ.S" and l5"C were applied to Ehe Big Qualicum curve by prorating the values
starting at 15"C wittr- an average G of 3.O57" Yt/day (fig. 6).

Lacking the actual growth data for Ehe full range of tolerable
terperatures (0"-25"C), the above extension provides the best approximation of
hos the dome-shaped curve would appear for this salmonid species. It is
deduced from the composite information that the optimum temperaEure for growth
of chinook juveniles occurs at about 19"C Lrhen on maximum ration.

(6) stock difference

It is of interest that the greaEest difference beEween the two
stocks of fish occurred in Ehe region of the optimum temperature, with least
difference appearing in the proximity of the upper lethal temperature. This
suggests a selective mechanism operating to produce a geneEic difference at
th; poinE where physiological capacity Eo convert food and to grow is
greatest. Since abundance and distribution depend on being ProsPerous' it
would appear Ehat selection for suitability would occur at temperatures where
viability was greatest. As sEated, satmon do not normalty occur in the
vicinicy of their lethal temperature.

Because the Big Qualicum fish were from hacchery stock, it could be

argued that selection for growch was occurring anrongsE those fish best able to
digest and use artificial food Oregon moist pe1lets. Howeverr successful
haEching and release of significant numbers of chinook juveniles did not occur
until 19722. With a maturation time of 3-5 yr only three generaEions could
have reproduced in Ehe time-span involved, hardly enough for any significant
genetic change.

Alternatively, the consisEently milder climace of the coast could
have brought about a shift of t,he temperaEure resPonse system to be rpre
growth productive in Ehe inEermediaEe range of tolerable temperatures.
Whatever Ehe cause, Ehe significant fact is that the experiments clearly show

thac Ehe Nechako River chinooks possess no advantageous adaptation towards
survival in warmer waters than do chinooks from a coasEal streann.

2First experimental releases of chinook fty (tOO1000) began in 1967, but
survival was poor and fertility low. Similar releases occurred in 1968 and

1970. In Lg72 rhe first major successful release (fOO1000) was made (f971

brood), with precocious males returning in L974. Since then ever-increasing
egg coltection has grown to the point where over 310001000 are nott cultured.
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B. FIELD STUDIES

(1) Growth of Nechako River juveniles

From the start of sampLing on llarch 22nd to late May, the average
weight of fty (0.4 g) did not increase perceptibly. Apparenrly young fish
Itere arriving at the sampling point from upstream as a continuous production
of recently hatched fry without resident growth. Early in June, the lreights
started Eo rise and were recorded in late surlmer and earty fall as ranging
from 6 to 9 g (rig. 7). This is considered a resident population not subject
to major inrnigrations or emigrations.

From the growth curve presented, the average weight on June lst nas
0.5 g. The estimated average weight achieved by September 30ttr rras 8.5 B.
The accompanying mean monEhly t.emperatures are shown in Fig. 7 . These rose
from 4.0"C in April to peak at 17.7"C in August, falling back to 14.8"C in
September,

Q) Size prediction

Growth models for predicting expected size of hatchery fish have
been developed that take into account the initial size, the Eemperature
sequence, and Ehe effect of level of feeding as a fraction of Ehe maximum
ration - Rra* (Mclean L979). The most appropriate simulation model for
application Eo chinook salmon is that developed by Stauffer (tgZl) derived
from studies on coho and chinook salmon in l{ashington State hatcheries.

When applied to the Nechako chinook fry, starting on June lst as
0.5 g fish, the prediction rnosE closely approximating the aEtained ggolrth by
September 30ttr corresponded to a ration equal to 602 of the maximum (n6.6).-
Thus, for example, the weight predictions according Eo ration !f,ere as iol,lors:
&nax = L7.4 Br R0.g = r4.7 Et R0.6 = 8.6 Et R0.4 = 3.2 g. The approximation

*_of Ehe R0.6 feeding level is very close to the 8.5 g average observed.

(3) Deduced thermal oprimum

As described in the research plan, and illustrated in Fig. l, there
is a particular growth rate x temperature curve for every level of ration up
Eo Rra*. Only the maximum curve nas established for chinook juveniles, fed to
satiation. The consequence of reduced raEion was rnodelted by applying the
proportional effect derived from Ehe sockeye data. This is depicted in
Fig. 8.
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occurs at 17.8"C.
approximately 5OZ
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At 2O"C the reduction
of that provided by the

in growth rate (O.77"lday) would
RO.6 optimrln temperature.

be

coNcl,usroNs

rat ion, b,hinook satmon have an optimrn temperature
4"c higher than that for sockeye salmon. rt appears

(l) On a satiation
for growth Ehat is 3" to
to occur at about 19"C.

Q) In the region of the optimum temperature, Nechako chinook juveniles
to grow wtren conpared with Bigshow a significantly reduced capacity

Qualicum chinooks.

(3) Growth rates
Nechako River indicate
satiate them.

of surner populations of chinook juveniles in thethat the feeding level is 6oi( of that required to

(4) On such a ration, the optimum occurs at
20" c would only permit 5o"A of the maximum growrh
growth at all would occur.

about 15"C; a temperature
capac i ty . At 2l .4" c no

of
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Table l. Record of daily
Qualicum River exposed to

L2

mortalities of juvenile chinook salmon from Big
24 .8 + 0 .4"c range.

t
I
I
I
a

Time
(days )

No.
dead

Cum.
de ad

Dead
0")

4
I

l2
l6
20
24
36
64

I
2
3
4
5

6
9

16

I
I
I
I
I
I
3

7

8
9

11
18
2l
24
25
28
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Table 2. Weighc, growth rate and
temperature for juvenile chinook
Nechako River stock (n). Period
Eank. Dry weights are the total
dry weight of food eaten.

l3

food conversion efficiency in relation to
salmon from Big Quaticum River scock (a) and
of growth nas 28 days, using 25 fish per
gained for al1 fish per tank with the Eotal

Mean wet rrt.
Assigned

temp.
( "c)

Mean
temp.
( "c)

Init.
(e)

Final
(e)

Growth
raEe

7( I day

Dry !rt.
gain
(e)

Dry rrt . Conv,
food effic.(e) G)

(l)

25
24
24
23
22
22
2t
20
20
t9
l8
16
L4

24.8
23.9
24.0
23 .0
22.0
21 .8
20 .9
19.9
19 .9
19 .0
18. I
16.0
13.g

3. l8
3 .2I
3.43
3.16
3.34
3.34
3.35
3.24
3. 14
3.30
3.29
3 .27
3.35

3.5 3*
5.37
5.65
6.50
8.26
7 .98
8.82
8.32
7 .79
7 .65
8.56
7 .3r
7.7r

0.37**
1.84
I .78
2.58
3.23
3.ll
3.46
3.37
3.25
3.00
3.42
2.87
2.98

1.57
13.71
13.63
22.04
32.84
30 .97
36 .51
33.91
31 .04
29 .04
35. l8
26 .97
29. l0

32.I
70.0
69 .4
85.3

101 .4
100.8
115.0
108.3
107.5
100.5
111.5
gg.6
90 .5

4.9
l9 .6
l9 .5
25.8
32.4
30.7
32.7
31.3
28 .g
28 .g
31 .6
30.4
32.2

l
\

(s)

24
24
23
22
22
2L
20
20
l9
l5

23.9
23 .7
23.0
2I .9
2L .8
2r .o
20.0
19 .9
l9 .0

2.09
2.48
2.49
2.56
2.48
2.30
2.46
2.64
2.28

3.48
3.82
4.78
5 .62
5.63
5.60
5.84
6.22
5 .50

1.82
1.54
2.33
2.8I
2.93
3.18
3.09
3 .06
3 .14

58.1
65 .2
83.2
90.2
9L.7
93.7
94.9
85.1
90.6

15 .5
13.3
18.2
22.6
25 .6
23.5
23 .8
27 .5
23 .7

9.00
8.69

15.11
20 .43
23.43
22.03
22.56
23 .36
21 .49

9 2 -31 6 2

*Mortality of 64i(; weights are
**Growth rate of surviving fish;

sample, Lrhich would be characterized

Ehose of 9 surviving fish.
not a true representaEion of total
by negative growth.
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Table 3. Parameter values derived for fitting a nonlinear quadratic equation
to the specific grosth rates (C) and food conversion efficiencies (Cn) of Big
Qualicum and Nechako juvenile chinook salmon in relation to cemperature. Form
of equation: yd = bg + blXcl + b2X2q.

rt
tr
d
r
f

Gama b1bg b2 Alpha

Big Qualicum - G

Nechako G

Bie Qualicum - CE

Nechako - CE

0.98

2.65

0.12

0.69

0.83

0.87

0.97

0.70

0.94

0.81

0.03

0.98

-1 .75

-l .69

-0.99

-l .64

6 .71

4.03

18 .0

4.95

Erratum P. L4

For equation read

YY=bo+brxo* .2aD2x

&
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Fig. l. The relation of growth rate (!Z Sn) of sockeye salmon juveniles to
remPerature for different levels of t.Tior,. Determinations computed in terusof dty weights Q per day). Dotted line passes through the optimum
temPerature and maximum growth rate for each ration level. Rra* = maximum
daily ration. From Brett et a1., 1969. .
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TIME DAYS

Fig. 2. Progress of rnortality of chinook salmon juveniles from Big Qualicum
River when nefa for 28 days at approximately 24" and 25"C. Actual mean

temperatures G 2 SD) to"rl 24.0 i 0 .zoc and 24.8 + 0.3oC.
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t8 20 22

TEMPERATURE OC

Fig. 3. The relation of growth raEe to temperature for juvenile Big Qualicum
River chinook salmon fed to satiation. Initial mean weight = 3.28 g. The
line rtas fitred by a nonlinear quadratic equaEion (table 3). The arrow
indicates calculated optimurn temperature. Circled point with arrow is based
on 36Z gf fish that survived for 28 days at 24.8"c. The lethal temperature
limit ie from Brett, 1952.
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Fig. 4. TemperaEure relation for
chinook salmon fed to satiation.
end arrow for optimum temperature
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growth rate of juvenile Nechako River
Initial mean weight = 2.4L g. Fitted line
calculated as stated in Fig. 3.
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Fig.5. The relation of food conversion efficiency to tenperature for chinook
salmon juveniles from Nechako and Big Qualicum rivers. The curves were fitted
by a nonlinear quadraEic equation (see Table 3). Circled point is based on
the 362 of fish that eurvived for 28 days at 24.8"C.
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Fig.6. The relation of growth rate to ternperaLure for juvenile chinook
salmon fed to satiation. Growth rates adjueted to a cemmen initial size of
3.0 g. Points for Abernathy derived from mdel of Stauffer (1973) based on
data of Banks (1971). They show the expected relative position for Big
Qualicum chinook satmon. Lines drawn by eye.
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Fig. 7. Mean wet weights (t=50)
Nechako River from March 22nd, to
from June l0th to August 29th.
monthly temperatures ehown with
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of chinook salmon juveniles caught in the
September 29th, 1981. Fish were not sampled

Growth curve drawn by eye (broken line). Mean
solid 1ine.
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Fig.8. Growth raEe vs temperaLure curves for Nechako River juvenile chinook
salmon. Top curve isTrom data presented in Fig. 4 f or f ish fed a maximum
raEion (Rr"*). Additionat curves drawn for reduced daily raEions (nO.g and
h.6) according to the relation obtained for sockeye salmon juvenilei irig.
I ). Broken line indicates path of optimum temperature shifting to a lower
value as feeding level falls. The hatched bars indicate the temperature range
in wtrich growth raEe is reduced by 207" or rnore from that achieved at the
opEimum temperature.
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