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Growth RRate and Body Composition of Fingeriing
Sockeye Salmon, Oncorhynchus nerka, in relation

to Temperature and Ration Size 7
J. R. Brett, J. E. SHELBOURN, AND C. T. Suoop

Fisheries Research Board of Canada
Biological Station, Nanaimo, B.C.

BrerT, J. R., J. E. SHELBOURN, AND C. T. Suoor. 1969. Growth rate and body
composition of fingerling sockeye salmon, Oncorhynchus nerka, in relation to
temperature and ration size. J. Fish. Res. Bd. Canada 26: 2363-2394.

The growth of young sockeye salmon (Omcorhynchus nerka) was studied at
teinperatures ranging from 1 to 24 C in relation to rationsof 0, 1.5, 3, 4.5, and 6% of
dry body weight per day, and at an Yexcess” ration. Optimum growth occurred at approxi-
mately 15 C for the two highest rations, shifting progressively to a lower temperature
At each lower ration. The maximum growth rate for sockeye 5-7 months old was 2.69;/day:.
that for fish 7-12 months old was 1.6%/day. At 1 C a ration of 1 .5%/day was sufficient
to provide for a maximum growth rate of 0.23%/day. The maintenance ration was found
to increase rapidly above 12 C, amounting to 2.69%/day at 20 C. No growth took place
at approximately 23 C despite the presence of excess {ood,

Isopleths for gross and net food-conversion efficiencies were calculated, A maximum
gross efficiency of 257, oceurred in a small area with a center at 11.5 C and a ration of
4.0%/day; a maximum net efficiency of 40% occurred within a range of 8-10 C for rations
of 1.5%/day down to 0 8%/day, the maintenance level.

Gross body constituents changed in response to the imposed conditions, varying
in extreme (rom 86.9%, water, 9.4% protein, and 1.09 fat for starved fish at 20 C to
71.39 water, 19.7% protein, and 7.6% [at on an excess ration at 15 C.

Itis concluded on the basis of growth and food-conversion efficiency that temperatures
{rom § to 17 C are most favorable for young sockeye, and that a general physiological
optimum occurs in the vicinity of 15 C.

Received March 13, 1969

INTRODUCTION

THiS PAPER is the first of a series dealing with laboratory studies on the relation
of environmental factors (abiotic and biotic) to the growth rate of young
sockeye salmon, Oncorhynchus nerka. The aim is to obtain a broad understanding
of the bioenergetics of this species throughout its life history. As such, the
present work constitutes an ‘extension of the research on metabolic rate and
performance of sockeye salmon for which a considerable background of in-
formation concerning the effects of temperature, size, and swimming speed
is available (Brett, 1964, 1965, 1967).

By relating food consumption, growth rate, and metabolic rate the energy
budget can be determined, providing a4 measure of the efficiency of food con-
version and of energy loss through metabolism and excretion (see Winberg,
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1656, Wasren and Davis, 1967), Studics of this sort can be expected 10 contri-
bute to an improved urderstanding of the food requirements of natural popu-
lations as well as provide fundamental information for fshcultural practices.
Many of the metlods and approaches 1o animal enrrgetics, conducted for
yrars on warm-Iooded vertebrates (5., Brody, 1945; Kleiber, 1961; Blaxter,
1065), may Le applied with profit 1o studies on fish energetics

The present experiments deal with the combined effccts of temparature
and ration on growth rate. Temperatare has been shown repeatedly 10 be
one of the most influential environmeatal factors aficciing the growth of
fishes (Baldwin, 1957; Biown, 1957, Donaldson and Foster, 1040; Haskell
et al., 1956; Paloheimo and Dickie, 19662, b; Strawn, 1961; Swilt, 1964;
West, 1966). When food is present in abundance an cptimum temperature
for growth has been recorded, varying among species and in the case of the
desert pupfish (Cyprinndom wacularius) significantly influenced by salinity
{Kinne, 1960). Quantity and quality of food under ambient temperature
conditions have leen sudied intensively, eqjecially for artificial culiuring
of fish [e.g., Brown, 1957, Halver and Shanks, 1960; Hatanaka and Takahashi,
1960, Phillips et al, 1966). Davis and Wazren (1968} reported that young
chinook salmon (Oncorhynchus fihouyticha) weighing 0 6 § would consume
a ration as high as 205 of their dry body weight per day. However, the in-
teraeting effect of ration and temperature on the growth rate of fish does not
appear to have been the object of critical study except where either maintenance
or ad libitum rations were involved (Brown, 1946; Pentelow, 1939).

It was hypothesized that the optimum temperature for growth would
drop as the ration decreased, accompanied by a reduction in conversion effi-
ciency. This was based on the supposition that the decrease in maintenance
metabolism that accampanies 1educed temperature would permit comparatively
Letter growth at lower temperatures when the source of energy was restricted.
The assumption would apply only for a poikilotherm il the 1emperature-
dependent activity of digestive enzymes und growth processes did not cxert
such a controlling influence that the potential shift was inhibited. The presence
of sharp peaks in the activity of digestive enzymes in relation to temperature
has been demonstrated for the brown bullhead (Jeialurss nelulorus) by Smit
(1967). Hoar (1966) further confirms this as a general phenomenon among
poikilotherms (see also Jennings, 1965).

MATERIALS AND METHODS

The program of study was conducted over & period of 3} yran during which Lime some
change in methods was adopued. The isitial phase, dealing with the effect of temjersture (3,
10, 15, 20, and 24 C) using eacv.sive ration, luved for 7 months Jure 2, 18464-January 12, 1945),
This serier served 1o estabiith the pattern of the growih curve, 1o provide an eatimare of the
mazimum growth rafe at each tempenature, and 1o asww the methods employed. Subequent
esgarinenis [nvolving redured nations were jerformed from Sovenbar 1, 1945, to Felouary
3, 1964, at temgerstuies of 5, 10, snd 18 C, and from Decemler 11, 1966, 10 March 5, 1947, at
temperatures of 1 and 20 C. The methodology for the lam two eapesiments was esentially similar.
A distinction will be made only betwren the two series — A grewp, on excess ratios, and B prowp,
including restricted rationa — wheprver i s jertinent o the ;v ntation
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All B were shipged as ryed eges from Seully Coel 1 de'e 1abe smar Teresew. BC
Alver hatehing, the young more ieaied fne ; aras a0 the Biclogical Station,
Naraimo, B C. They aere the progeny of a single criss inearh ol the 3 yoars Salject to ambient
water temyeratures (rom & Libe source, the fab arre hatad fed onn o dier of Leel Tiver and Clark’s
peliet ferd (). K. Clark & Co., Salt Lake City, Utah) supplemrnted = ith & seekly sugply of
[esen Leine shrimp. No history of egidemnic Aosease, prtality it vomsn of 1075 o puaw growth
was presnl A0 any of the stocks tested

When tramlested from the rearing torks the fob ave frat soreened for 2 fainly wnifurm,
intermediste sige (mean 5.0 40) and then ditrilured by rasdum numdes 10 the g jerimental
1arks (see Table 1, 3). The order of tanks acoording 10 tation = also anigned Ly raradom nume
lLaers.

Exrisiuenrar Tavus

Tuelve 197-Titer (43 gal) oval tanks equipped with submerged Jets 1o provide circulation
and eficient water eachange were ued (Fig 1. 2 we alwo Alderdior et al, 1968 Thee were
v etified slightly by the addition of wecirculating pumis and & gas stripping column to wupply
appresimately airsaturated water at rach controlied temjeratane In eneat instances o 12inch,
tabilar air-breaker was provided as an additional source of Gaygen. and serwed anan e gency
stand by Witer sas futhed thioagh the tanks at o rate of 230 Yivers Mhr (53 gal/hr). At ne tine
was the oaygen wturation found 1o evered 1067 or be less than 15 The sveiage v LN
Cover was made available by a black coating over the center hall of the Pleaiglas top.

Water veloesty within the tank rauged from @ 10 15 cm/faee (0.3-0 5 1t/urc) fur most of
the oval gath; lower welocities oocurred in the vicinity of the central drain Fisk were cherved
swimming mosly in the main fow away from the arvas of reduoed welonty. The sp;ication
of & lrm welacity currenl was eonsadered desirabie not only for it ceaning sction but ahe o
facilitate fund presentation and 1o maintain a gieater wniformity of activity beimeen tanks
S cntanccss activity is temperaturedejemlent in m.ay b inclading salmonsds (Brown, 1957;
Fisher, 1938). By inducing all fish to smim cumtantly reduction in this inherent varisble was
effected.

Tiwrenatrune ano Liar

By crom- mising betwren 1emperaturecontrolied supply K with Vard valvrs, o by we
of thermaoatatic valves, temjeratures were maintaled within #0 3 € (an average of 27 30
for all tanks, read fiom standardised thermographs - =e Talle 1), The eatiemves of exjerimental
tempesature (1 and 24 C) were chemen 10 be sppronimately 1 degree € atwwe and lekow the
respretive lower and upger lethal temprratures for underyearling scheye in foesh water (Reety,
1952),

The A-group fih were tranferred from culture tanks &t an ambient temperatare of 7€
10 their amigned growih tanks. The temjerature was raiwd at & rate of 1 degree C/day, and
length weight measurements were taken as soon as the prescilled temprrature for all tanks
was reached (June 2). Since & growth “sdjustmem™ pericd of 1he crder of 7 weeks wan oheerved
in the initial ex periments {see Fig. 30, the B group fah mere provided with this furthes introductony
yeriod. Their ambient temperature ranged from 10 1512 C The fish tested at 1 C nere allowed
an additional 3 werks of acelimation st this low temjurature alter an interoudiate 2 meeks at $C.

Flusrescent Lighting illuminasted the tanks with a minimum of 15 f1-¢ at the water surfare.
This wat controlied by 3 time switch set for a 9-he day (0800-1700 hr, ra1). Natural light was
refecied on the tanks from a louvre-shaded windos (oviding nomal photoperiod from
sjming io carly fall

"Fiom physical damage, nipping, jojeye, and auvidental loan
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Fic. 3. Mean seights of wamples {n=20) of A-grocp fish held ax Fve tem-
r ralGTES U eECEss Talioms Faperments started on June 2. Limits are
or %7 3. Three staruas of rowth are indicated actording te infiection of
sloger. One goint (circled) for fah at $ € was discarded av leing beyond the

957 confidence Lait of the mean grosth raw.

Saurting Feocrpuer

Samples of 20 Fab were removed every 2 weeks from an initial stork of 250 firh yer tank,
O esch oeeasion fish were herded into one end of the tark

vertically through the greup. The fisk were kitled by arsesthetic (150 ppm M5, 2105,

Later analysis of gross tady
al! the fah in & control wank
difference occuried between the am

Wightly damp cloth 1o remove o

(P < 005, using the method of Hubbn ard Hubba, 1952).

and 1

the anaesthetized group grew 1855 faster in the firse 2 montha, ¢
of the rapid recovery of the fisk and theis excelient apietite, it was assumed that the efiect of

» GROUP

To reduce chance differences betacen samples within each rank, later exjeriments were
conducted with 28 fab enly. These were Hightly ansertbetised for measurements every 2 weeks
10 their resgective tanka Fish were not fed on wrighing days.

To;hnluihw-ﬂ*eﬂmdmhdkhmia‘udlmlbmilﬁ the Eab in & tank
of 290 were scbjected 1o “standard treatment” orce a mon

eturmed immediaiely

» control group. No significant difference was apjan

the biwrrkly trestment was unlibely to be different from the monthly check.

Fraut

of the duet differed latmesn the two grouje

-

asxp Fraomc
Although essentially the sarme ingred

and caught by drawing a small dipnet

uifage mowture Fork bengih and weight measurements
taben 1o the nearest 0 1 am and 0 01 g The fish wrre then placed inio » deep Divene Tor
comstitaents, The pnibility of sam pling bias was tested by measuring
in tois of 20, throughc st the exjerimental period. No significant

ple and remaining gupulation in seven such comparisans

1h and their weight 1elations compared
ent over @ 3-month gericd although
hen slewed dows slightly. Pecauw

onts were used (e Apjendi A) the comi=sition
(Talde 2). The nmdsture content was purjc-efully

FEETT ;o] SKKEVE GROWTH AND LOMMFBITION 238
Tantr 3 Compesition and ealorific wniue of gher fed 10 the e u groups of Boh Figors ubtaimed
Trom an average i 10 smples (A proup) and 14 weples (B growpl

i x = 3 = e T

A group (1944 85) B group (1925-67)

=

Wet Dry Wet Dry

%) %) (%) %)
Waier L1] - (A} -
Prowein b ] 50 n 0
Fat 13 17 (] 113
Ash (] ] 3 ]
Fitare 1 2 1 2
Carbohydrates ] 13 [ "

Keallg

Bomb calorimever - - 1.0 54
Calcu'ated® 2.4 59 20 5.5

—————

shppreaimate fbe content detesmined {rom constituenta (Anon., 1939) with carlebydrare

imated by differesre. y E b
““M'Ellui :m:n cakulated from propattion of dry comtituents saing valum of 5.7 {protein)

9.8 (fan), and 4.0 (carbohydrate) Lealfg.

inereaned from as average of 315 for A group to 8355 for B group, lor which cenuolied rations
wete used, 1o fagilitate dispersicg. The irduction in fat was the result of differences briween
years in the compotition of the major ingredients — canved salmoa and commercial geliessd
lﬂd—ﬁuhﬂmrrﬂdm!-l--uhum‘ﬁ-d and stored at =10 C, the meiwtuw
content being checind on each cccasion. Prosimate analyses of [rosen spot-wmples were perfunad
at the end of the test pesiod. The methods uwed were the same as thise for ans!yxing b, described
in the next wetion. v

The diet is one that bas evclved over a number of years for use in cultuting experimental
ad in our laboratory. Obviously high in nutrient quality it has provided encelient growth, good
conditien, and no mortalities. Sincr the difference iu diet componition acrurred leivers A aad
B groups, and not witkin the B group for which - ricted rations were word, the charge didd not
result in any significant difisence betwren the variois evcess freding regimes, alihough there in
» tendency for the A group to Bave womewhat bigher mean growth rates (e Fig- ﬂ..

For the A groug, food was dispensed by shinddiag frosen eules throsgh a band ricer. The
fish were fed 1o satiation three times 8 day at d-he intervals, starting ot 0430 hr, This wia termed
“excem™ Depending on temjerature, the daily amount presented during the termimal growth
stanza ranged from 10 10 145 of the body welght on a dry seight basin

WBMIuldwil'blmllpﬂl!hlduudlptmw tt';]llillthl“du?ﬁ
pie short strings of unfronen food. The restricted rations selected as & fraciion of dry by wright
were: 0,1 5,3, 4.5, and 6%, and earem. It was disovered that a single ration of 35 /day, din

in about § min, was sufficient 15 sllow each fuh 1o obtain & “fair share™ of the lwd.'r_h
1.5% daily ration was thesefore jresented as 35 every 2 days, and the 65 ration as .!f. e
 day. In the case of ricess ration the ureaten particies wrie washed out of 1he tank withiz 3-8
min from the time of introduction. For the B group the small mastage invelved way ancvad,
peoviding an estimate of the ragimum daily intake.
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Guheye are o maturally schooting fuk As urder pearlings® they do not divplay clwiey
sppresave o termitorial bebaviour when fod i evenly dispersed and gereral unilormity of con.
ditsons prevail within holding tanks 11 food s me. comsurmed proportionately amangst all fish,
grenth deje nraticn if cur, seaulting im an ancieswed Nize Aifese miial with time [Magrown, 1962).
The wvarianee, a8 [ndicated in the growth relations of A-group fish (log weizght &2 st » = 20,
we Fip 30, &id ot difler in extreme instaries by mare than 33% of the overall mean valie, escept
21 24 € where growth was anbitited, and for the last wighing as & result of the snalier sample
(n = 100, Less difference scusred inthe Bprospea perisents with the enigptaon of thoee instances
shere thetr war o charge in vatiine wvmstinted with the accidertal Toss of foh unde: an et hetie,
and uup invtande where maintersice ration evolved, In geoeral, dhijarity in consumption
of frod wrung the mmmbers of each wmple did pot occor 1o any significant degree.

Faoumare Axaiysis anp Caicemic Varve

At e beginning and end of rach erjeniment grow bedy censtituents were determined
from sumples of 20-258 fuh, srarved for 74 s Subaamples of five Bab were ground to s fine homog-
enate and wrighed fiactions were weed to determine water, fat, and protein content in duplicate
by the foliowing methods

Weier — Appoaimately half the s sbample war oven-dried 31 108 C for 24 hr, A corvection
fur any moisture bes dusing deep fieviing = wpplied

From the sum of all sarpies taken in the 1963 tests and thow at the start of 1he 1845 tests
s iean warereomtentol T8 & 41 2T (1, m = 743 was obtaimed. The B group alont averaged
T4 5% As a bushs for caloulating the ration in lerms of fractions of dry Sy weight a geoeral
tevel of 255 dry matesial was appled threughout.

Preirin — Nitvigen eontest way deteimined by the micre Kjeldahl technigor cutiined by
the Assciation of Official Analytical Chemists (1960). The value obtained was muliiplied by
& 25 to chrain the sverage protein value.

Nowpeoievn mitrogen — The difierence tetween the acid soluble and the acid inwluble nitre-
gon values (method of Asxciation of Oficial Analytical Chespistg, 190) gave the nonprotein
Bivogen content 1t aversged 0 25 of dry weight [about 0 05T of wet weight and vatied from
ap underectable amount 101 275 of dey weight, The highest levels mere ausciated with the highest
tempesatotes, independent of ration eacept for starved Eih, which contained condstently low
levels. Sinre only major constituents were being examined these senall values have been omitted
liom the compilation in Table LN

Fat = 1ipid aralyses e first performed by the shlorafurm-methanol wet extraction
techrique of Folch et al. (1957). This was Larer changed 10 hexane extzaction from dried material
(e Agpendiv B). A slight diflcrence in valurs was ascriled 10 the gomsibile carry over of meiture
by the wet extraction method. An appropeiate corsection was thetefore apphied 10 bring all results
12 & cummon basis for dry extraction

Corboydrate — No analysis of cartubydrate was gonducted since this comstiteent dies
pot amoust to more than 0 3% of hady =eight (Vimogradoy, 1953; Rlack, 1958} Highest con-
centration scsurs in the Tiver where valoes from 3 10 455 have been ohained for novmal leediag
fsb (Mixhachka and Sinclair, 1962)

Calirimatry = Calreific valuoes were determined with a Parr bomb calosimeter (methods
prescrited by the American Saiety for Testing Material, 1966).

Ahen the calorific content was cakeslated from presinate analyss, valoes of 9 S kaal/g
for fat and § 7 keal/g for protein were applied (Brody, 1945, Kieiter, 1961).

Daza CowrLanion axp Axaiyss

The quantitative laws governing growth hawe Leen treated as general concepts by such
authors as Rerealanfly (1957) and Nesdfbam (1964), with muse sjecife consideration of the jaocess

_uwmin Yetavicar hay teen wlroed in yrasling Bdb, with intenwe periods occurring
w = afier feeding.
"Furept in a few casen Tisted in Talile 3.
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‘TaSLE 3. The effect of temperature and ration on the weighi,
at the beginaing (“cuitured™ fah) and end of fach experirient.
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fav= 10
bui the hoh did Aat sceept more

0.70; proien = $+0.T4;
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in fiok pron bed by Brown (957), Tayhat (1982}, and Wiolerg (1958} Urder conditiom of en
waroveenzal currnnl snd in the abence of timinng lacton, growth i 8 multpdicative g ices,
whick in the early stagesal life, often fulicwy an enjomentiai corve Undes the infuenoe of apjarent
i hibinion with age ies overall configuration tends to foliow the sigmid <luje of & by stic curve.
Th nianetts rate of fain in weight per unit weight (per cent change in weght/time, or
sjroihe growth rate) decines poogrewively with incirsvig vk,

The growral equition fof es jpaential proathsw = i where e osre and i time. When
Togeu i piotied againat £, (Fig. 3) the slope & 5t 100 iy equivaient 1o the speeihe prosth rave
(G). Thin was deterrmiced by taking length-meight messocments every 2 merin, wesally
for & 30 10 13 weed perind. A eatimate of the error of B war compoted from the geied data of
oll measarements [ 22 58], The restricind taticn way adjusied at the uart of cach Liwerkly jeriod
atvording to the e mean we'ght obtaied, on @ dry weight badds The aosad projeation of the
ration way subsezuently caleulared sceording 1o the olaerved mean weight ackic ved Ly the fish
during the barekly intersal, e g as the fok gren 1he acical fraction becsne Jightly Tewm than
the ration amitidly prescribed.

Brcawse of the progiessise change in growih rate that appears to ous in santas of decrean
ing slope (Fig. 31, o pericd of relavively siable growth fivm Orurcber to Feluuary (Fig 10 wan
scepted as a voitable e for making comjarisos tetmren trstments. spoead ot a number
of yearn

EESULTS

Trurenatune ¥ Fxciss Ranios - A Grour

As & result of the Lavorable change in density, diet, and feeding frequency
that accompanied the transfer from culture 10 expermental conditions, all
stocks showed a marked increase in growth rate, except those a1 24 C (Fig.
3, Table 1). This surge declined after an initial 2 weeks “adjustment” (possibly
less) and the growth rate remained constant for the next & weeks. At this
time {August 10 a synchionous decrease in slope eecurred in all stocks despite
the dificicnce in acclimation temperatures of £-20 C. No further change was
noted up to the time of terminating the vxpeniment 21 weeks later (January
12). Such seasonal variations in growth rate have been observed by Swift
(1955) for haichery-reared brown trout (Saime irutta) exposed 10 normal
temperature and light. A reduced growth rate weeurred in May and June
despite increasing temperature and daylight. It is possible that changes in
the production of growth hormone could account for such temperature-
indegendent decreases in growth.

The maximum growth rate recorded in the initial period was 5 055 /day
at 20 C, a doubling of weight in 2 wecks. The relation between temperature
and maximum growth rate for the two subsequent stable petiods (Minterniediare®
and “rerminal” — Table 1} has been plotted in Fig. 4 including cne instance
where excess ration was led in the B-group experiments {1 C, Table 3). At

n age of 5-7 months, from the start of feeding, a renounced optimum temper-
ature for growth orcurred ay §5 C. Although still apparent Tor 7- 1o 12-month-
oid Tak, the peaking of the relation sufficiently reduced that no statistical
difference exists betwren the growih rates at 10 and 15 C. With increasing
age, growth continues 1o slow down so that optimum temperatines hetome
piogressively less appatent. The expression of maximum growth rate in irlation

DRETT ot o' 0 WL KEVE GEOWTH AND (OMPMeITION nn

1o acclimation temperature (Fige d) Bas leen called the s ope o growth™
Ly Warren and Dawvis 11967) Ly analogy with the “metalwlic uupc." which
Fry (1947) vsed 10 describe the capacity to elevate metalwlic rate alove the
maintesance or standard fevel at vanous lemperatures
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Fic. 4. Felation brineen temjerature and gpruwth rate (42 18) of yung
wxkrye salmon fed on e ration Age i in months fiom start ol fonding.

At 24 C rome of the young salmon would not accept food Mortalities
commenced in the 1st week. The mean weight declined and the variance
ingreased as a consequence of the variability in feeding response. Within 3
weeks one-third of the stock were “pin-heads,” which died within the month.
By the 44th day over 50 weie dead, at which time the experiment was termi-
nated.

Similar problems of feeding and subsequent miortality near the boundary
of the upper tolerance limit for this species have been obseived by Nonaldson
and Foster (1940) at 23 C, and were encountered by Hrett (1932) when he
attempted to acclimate 3-manth-old sockeye to high temperatures, clevated
by stages 1o 24 C.

Teurexatvre X Peescmiven Ration — B Guour
An example of the effect of ration level on growth rate at a given temjer-
ature is illustrated in Fig. 5. It was characteristic of most of the data to exhibit
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Fio. 5. The efect of ration oa growth rate of Gogerling swkeye at 10 C. For
eam in comparing rates (sopes] 8 commen crigin sticks has been veed.

Eodid Tines fink rach mean weight (=25 Lmits= 47 s2) Proken lnes repesent

the computed shoyes for all data at each ration. Fresriled rations are indicated;

actual tonscired fations are presested in Table 3 Note that the statistical
separation of the fiuh on 3% ration was not poesible in less than 6 weeks.

deviations along the path of exponential growth, and these deviations, tugether
with the difference in weight within each lot of 25 fish, contributed to the
variance in slope (specific growth rate, Table 3). At high feeding rates, ap-
proaching the maximum intake, it is apparent that the time required to demon-
strate a significant difference in growth rate between two levels of ration was
of the order of 6 -8 weeks (e.g., 3 and 4.5 ration at 10 C, Fig. 5).

When growth rate was plotted against ration for cach temperature a
series of curves was obtained, which change in form from a “logistic shape™
at 20 C 10 a “grometric shape™ at lower temperatures (Fig. 6). In the absence
of a graerally suitable transformation a smeoth curve has been fitted by eve
1o pass thiough the means 42 SE. Since various growth parameters can be
obtained by interpolation all the computed points are presented graphically
for inspection in Fig. 6.

The paramecters of particular interest were: (1) the maintenance ration,
i.e., that ration that just maintains the fish without any weight change; (2)
the optimum ration, ie, that ration that provides for the greatest growth
for least intake (most eficient); and (3) the maximum ration, ie., that ration
that just provides for the maximum growth rate.
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These may be derived geometrically (Fig. 7 (el Thnr.np-oﬂ. 1941). The
fact that the optimum ration can be determined bg-n!rum; tlu-l tangent to
the curve from the origin may be proven by calculating the ratio of ;rr\;ﬂh
rale 1o rafion fur a series of rations. The pasameter most difficult to derermine
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Fic. 1. Ceometric derivation of various pasameters of growth with accom-
panying ration, vaing the duta for fiak at 10 C as an example.

accurately was the maximum ration, involving the asymptote for maximum
growth rate, the values for which were subject to gieater variability than most
of the other rates.

With incieasing temperature there was a large increase in the ration
required 1o meet the defined growth parameters (Fig. 8). The maintenance
ration at 20 C was seven times that at 1 C; the optimum was five times greater
for the kame temperature difference; and the maximum just under three times
greater. The maximum food intake jer day was approximately 267 of the
dry bedy weight at 20 C. The temperature X ration relations could be made
linear (Fig. B, equations), improving the basis for estimated values and providing
for extrapolation te the extremes of temperature at which feaed was still accepted.
Aliive 23 3 C Joss of appetite and inefficiency of food conversion were respon-
sible for the breakdown in the ovesall relation, and the ultimate death of the fish.

Cuoss Bopy CONSTITUENTS

Both ration level and temp<rature had a considerable effect on all body
comstituems (Table 3). They ranged from 86.9% water, 9.45 protein, and
1. 0% far at 20 C for fish starved fer 83 days, to 71377 water, 19.77; protein,
and 7.6% fat for fish on an eacess ration for 99 days at 18 C — the optimum
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temperature for growth. This dyvnamic and variable state of body constituents
is apparent for all stocks and is repiesented by the progressive change in
muisture content depicted in Fig. 9. At all temperatures a lower water fraction
occurred with intreasing ration, reaching a minimum of about 729 by the
termination of the exjeriments.

Among the starved fish the moisture content varied according 10 1o peras
ture, with the cxception of the fish Leld at 1 C. Since the iate of change in
composition will be dependent on some function of temperature and time,
it would be expeeted that changes would proceed very slowly at 1 C. Conparison
between experiments of equal duration cannot be made on common physio-
logical grounds unless a static state of body compesition has been reached,
This is suggested by including a column in Talle 3 for day-degrees, as une
indication of phvsiological time. It may be seen that on this basis the exper-
iments ranged from 83 to 1700 day-degrees Tn addition it was an inevitable
outeome that censideralile diffcrence in sire would charactesire the various
groups at the terminal stage. Size hus been shown 1o influence body componition
of young pink salmon, Oncorkxnchus pordusche (Parker and Vanstone, 1966),

As water content increased, both [at and protein decreased.* In the light
of this highly significant negative correlation (fat = -0.89, P < 0.01; protcin =
-0.80, P < 0.01) it was possible to derive simple equations with appropriate

*Above the maintenance ration any decrease in geoteln is strictly relative; bowever, fat
may shew swme abwlute changes
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Fic. 1. Ceometric derivation of various pasameters of growth with accom-
panying ration, vaing the duta for fiak at 10 C as an example.

accurately was the maximum ration, involving the asymptote for maximum
growth rate, the values for which were subject to gieater variability than most
of the other rates.

With incieasing temperature there was a large increase in the ration
required 1o meet the defined growth parameters (Fig. 8). The maintenance
ration at 20 C was seven times that at 1 C; the optimum was five times greater
for the kame temperature difference; and the maximum just under three times
greater. The maximum food intake jer day was approximately 267 of the
dry bedy weight at 20 C. The temperature X ration relations could be made
linear (Fig. B, equations), improving the basis for estimated values and providing
for extrapolation te the extremes of temperature at which feaed was still accepted.
Aliive 23 3 C Joss of appetite and inefficiency of food conversion were respon-
sible for the breakdown in the ovesall relation, and the ultimate death of the fish.

Cuoss Bopy CONSTITUENTS

Both ration level and temp<rature had a considerable effect on all body
comstituems (Table 3). They ranged from 86.9% water, 9.45 protein, and
1. 0% far at 20 C for fish starved fer 83 days, to 71377 water, 19.77; protein,
and 7.6% fat for fish on an eacess ration for 99 days at 18 C — the optimum
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temperature for growth. This dyvnamic and variable state of body constituents
is apparent for all stocks and is repiesented by the progressive change in
muisture content depicted in Fig. 9. At all temperatures a lower water fraction
occurred with intreasing ration, reaching a minimum of about 729 by the
termination of the exjeriments.

Among the starved fish the moisture content varied according 10 1o peras
ture, with the cxception of the fish Leld at 1 C. Since the iate of change in
composition will be dependent on some function of temperature and time,
it would be expeeted that changes would proceed very slowly at 1 C. Conparison
between experiments of equal duration cannot be made on common physio-
logical grounds unless a static state of body compesition has been reached,
This is suggested by including a column in Talle 3 for day-degrees, as une
indication of phvsiological time. It may be seen that on this basis the exper-
iments ranged from 83 to 1700 day-degrees Tn addition it was an inevitable
outeome that censideralile diffcrence in sire would charactesire the various
groups at the terminal stage. Size hus been shown 1o influence body componition
of young pink salmon, Oncorkxnchus pordusche (Parker and Vanstone, 1966),

As water content increased, both [at and protein decreased.* In the light
of this highly significant negative correlation (fat = -0.89, P < 0.01; protcin =
-0.80, P < 0.01) it was possible to derive simple equations with appropriate

*Above the maintenance ration any decrease in geoteln is strictly relative; bowever, fat
may shew swme abwlute changes
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average moisture content of 72.55. On the final day the prescribed ration
of 3 50 was actually 3 27 of the existing dry weight. Lacking knosledge
of the rate at which the constitvents changed, coupled with the lact that it
wonld apply in varying degrees up 10 the sore of error inficated, no correction
was jssible.

The basis of conducting exacting experiments on bicenergetics and growth
in fish is treated with insight by Wasren and Davis {1967). From a bicenergetic
point of view the conversion of fiod should be based on calorific rather than
dey weight values becavse of the differences in the fat/protein ratio. When
contidering growth oaly, there is justification for caleulations based on nitrogen
content such as Gerking (1962) used in studies on food conversion of the
bluegill, Lepomis macrochirus, Since the protein fraction of the dry weight
varied somewhat less than the fat fraction (Fig. 10, the inkerent error indicated
above would be reduced accordingly. It is worth stating here that subsequent
exjeriments are being conducted by increasing the number of fish to allow
for biwerkly subsamples to e withd:awn for appropriate analysis.

With the above I'mitations set forth it is poceible to examine the combined
eflects of temperature and ration on the specific growth rate, and 10 proceed
fo a consideration of the eficiency of lood conversion.

TesrERATURE-RATION RELATIONS

From the relation between ration and growth rate for each temperature
(Fig. 6}, the form of the growth X temperature curves for each prescribied
ration may be determined (Fig. 11). The temperature for optimum growth
shilts resuively 10 the left as the ration s reduced, moving from 15 C
Of excess ration 10 appwoxina oOr_a_ratwon 1.55 /day. The outer
curve is the same as that describing the scope for growth for 7- to 12-month-old
sockeye presented previously (terminal growth rate, Table 1, Fig. 4). With
the exception of the relation for starved fish, cach of the remaining domed
curves represcats the scope for growth characterizing each reduced level of
available ftlﬂ-(.ﬁ!.lhe fish grow older there would be a corresponding Satteni
of this feet of curves, approscling the ultimate minimum_growth rate for
aped Tsh,
T The shunt in optimum temperature supjorts the hypothesis that, for
acclimated fish, digestion and growth can siill proceed  efectively at low
temperatures. It suggests that either the enzymes involved are relatively
temperaturesindependent (wide sjectrum), that a feet of enzymes is present
with a wide range of 1emperature reactivity, or that rapid changes in the
metabolic system occur to meet the new situation. The marked increase in
energy requitements for maintenance that accompanies rising tlemperature
(Fig. B) accounts for the decreasing scope for growth, to the point of lesing
weight at low rations (Fig. 11).

C Fish feeding on a limited ration in nature would achieve better growth
l'},

moving along the temperature axis, towards the appropriate optimum.
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Thus, at 15 C on a ration of 1 55 /day no growth would occur, whereas for
the same ration at 5§ C a size increase of 0 3% /day would be pousible. The
daily vertical movements of young sockeye obwerved during the summer in
Babine Lake (Narver, MS, 1967) involved changes of 10 C, fiom near-sutface
feeding at dusk foliowed by a gradual retreat to depths of 100 ft or more shortly
after dawn. This could be conceived as a mechanism evolved to improve g:owth
in the presence of a limited food supply. Since yearling migrants frequently
average no more than 6 g (Johnson, 1965), whereas experimentally fed young
sackeye under optimum conditions may weigh as much as 80 g 4 months prior
to the smolt phase, it is not hard 10 conceive that food is a limiting factor for
this species in many lakes.

The predictive value associated with established food requirements is
best illustrated by calculating the growth-rate isopleths (Fig. 12). The food
ration necessary to provide lor any given growth rate at any particular tetnper-
ature may be ascertained readily by checking the appropriate combination.
Since this applies to only one growth stanza, or age, it is possible to sce that
by a series of such experiments, conducted at selected intervals throughout
the lile history, a method of computing the total food requirements would be
obtained.
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{rwauw budy water in relation to daily sation fuor & given temjerature.

‘ith the exception of 1 C, it i likely that thew reproent equilibrium stares
for any ration and temjerature

confidence limits relating water content to curresponding fat and protein
levels (Fig. 10). Contributing 1o the variability in comjxnition between samiples
of fish are the direct and interacting efTects of temperature, ration, size, growth
rate, and conve-sion eiciency, coupled with a degree of curvilinearity produced
by appreaching threshold levels of these major constituents. No attempt
has Leen made 1o sort thew out. Tt is apparent, however, that by determining
the moisture content enly the 1o1al gross body constituents can be estimated
fairly accurately from the above relations, assuming «n average ash of 2%
of wet wreight (Table 3).

DISCUSSION

Sovkces oF Exron

The experiments were designed to provide statistical sensitivity for
determining the difierence berueer treatments {1emj<rature and ration) by
reducing the variability sitkin lots (tanks of fish). Reduction in genetic varia-
bility was achieved by selecting a limited size range from the progeny of one
fernale. Although this was undoubtedly an effective approach in any one
year, it did not anticipate the subcequent need for comparison between years,
as well as the desirable feature of obtaining a wider representation of the
population. The limited gene pool can be expected 10 be one of the faciors
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contributing to the differences in maximum growth rate Letween years, as
exemplified by the various stocks of fish on excess ration at any one temj=rature
(Fig. 6). Yet it can be scen that the dissimilarity was not great, am anting,
for example, 10 a difficrence in specific growth rate of about 0 207 day lor
stocks at 15 C. Since some change in diet occurred between A and B groups
(Table 2), and it was decided to present excess food twice a day rather than
three times a day in later experiments, the question of maximum growth

“ rate for the species at this age and size remains undetermined though protably

not seriously underestimated. Indeed, with advances in mutsitien and in
making envitonmental conditions optimal, it is doubtful if the full patential
for growth of any species including man has yet been assessed.

It is apparent from the thange in body constituents that accompanied
the different treatments that the juesentation of restricied rations on the
hasis of the initial moisture content would apply throughout the exjrerirental
period only to those instances that did not deviate significantly [rom the
original state (signified by the points close to the dotted line for 75% moisture
in Fig. 9). Except for starving and excess-fed fish an error progressively creeps
in for all other instances, reaching 3 maximum at the end of the test time
The extremes occur at low temperature on high ration, and at high temj=rature
on low ration. For example, the fish held at § C on 3. S5 ration had a terminal
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StarvaTion ErrFecy

The rate of loss of body weight for starved fish in selation to temperature
was difficult 10 interpret since the mran rate for 15 C (-0. 4% /day) was
unexjectedly greater than the mean for the 20 C (-0, 505 /day). These bordered
on Yeing statistically different (P = 0 04). A provisional line was drawn
in Fig. 11 to represent the most likely relation for increased temperature.

The experiments for temperatures of 1 and 20 C were conducted a year
Iater than these for 5, 10, and 15 C. Aside from a difference in the origin of
stocks it was conceivabile that spontaneous activity might Lave been highest
at 15 C iesulting in 3 generally higher metatelic rate than for the stock at
20 C. It should b¢ noted, however, that the fish at 20 C had a terminal moisture
content of B6 9%, whereas the fish at 15 C were R3.27; water (Table 3). A
check on the provisional interpretation was made by conducting a comparable
experiment at temperatures of 5, 10, 15, and 20 C for 12 weeks in 1967-68.
At this time only fish of approximately twice the weight were available (12.0 2
0.3 g). The results gave confirmation for the rate of loss of weight at § and
20 C but not for the intermediate joints (Fig. 13).

It must be concluded that greater variability is either natural or somehow
indured during starvation experiments. The saniple size should thesefore
be inicreased and the conditions governing excitation should be rigidly contrciled,
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mean wright of fieh for experiments in 196567 was 8.5 §: that for 1957-68
was 120 g.

particularly 1egarding disturbances that may result inadvertently fr th
feeding of adjacent tanks The mean for all data has been used i: Fi:.";l a:
the best reprecitation of the geveral temperature relation,

Cosversion EFFIicCIENCIES

GROSS EFFICIENCY

Few studics of growth relations in fish have been performed with sufficient
accounting of food consumed and flesh produced to permit determining conver-
sion efficiencies (Kinne, 1960). With a common unit of dry weight, nitrogen
content, or calorific value, the gross efficiency (E} may be caleulated as the

ratio of output to input by the formula E, ---(ti X 100, where G = growth,
and 1 = food intake. This simple index pravides one of the most revealing
aspects in analyzing growth plenomena, not only by indicating the circum-
stances under which the animal is most eflective but also by providing a
asure of the most economical use of food.
In addition to the factors of temperature and salinit H
¥, gross efficie
l':'u been shown to depend on the type of diet, the feeding interval, and m
size or age of the fish (Paloheimo and Dickie, 1966b; Pandian, 1967a, b),
Conversion values range from 8% for amnivorous adult carp feeding on detritug
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and algae (Kevern, 1966 to 447 for carnivorous young Opkiviephalus slriatug
ferding on a diet of prawns and chopped fishi (Panchian, 1967a). Iviev (1945)
cornidered 3557 10 be a maximum for young fish on a high ration. Under-
yearling cutthroat trout, Salme clarki, showed an individual variation of 13-
37%; in ability 1o convert a diet of housefly larvae and adults at a mean temper-
ature of 8.5 C (Warren and Davis, 1967).

The con bined cfect of temperature and ration provided & small maximum
area of 2557 efficiency for fingerling sockeye, with a graphically determined
center at 11.5 C and ration of 4 095 /day (Fig. 14).* The mapped isopleths for
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Fic. 14. Crom efficenc. of ie:S conversion in relation to wejerature and
cation, drawn & isopleths “werlying the growth curves of Fig. 11 n fioes).

decreasing «Mciencies radiate outwards, with a “lavourable axis™ passing
from the lower left corner diagonally upwards through the various growth
optima for cach prescribed raton. In line with this axis a large oval area is
encuompassed by the 207 conversion contour.

It is apparent that temperature may have as much effect as ration on
conversion efficiency when the full ranges of both are considered. The corclu-
sion of Winberg (1956) that temperature has virtually no eflect appears o
result from a lack of available evidence for temperatures abore the optimum.
When food is present in abundance {ad libitum, or excess rations), temjeratures

*As an sid to infergeeting this graph it i worth gointing out that by feflowing & vertieal
Ti# 41 sy one temgesatice, sy 10 €, the convendon efficiency increases from seto at a maine
trrancr 1alion, pawes thiough 8 masimum value st an intermediate ration, and then droreass
refiertiog some wasteful gurging i bigh rationa (d. Fig. 7).
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Inlow the optimum are associaned with reduced food intake rosulting in a
Laithy constant conversion efficiency, such as thar along the “favourable anis™
of Fig. 14 This intcraction produces an apparent temjarature indegendence,
which proves 1o be circumsiantial when the whole phenomenon is vaamined,

A similar sort of limitation apj=acs 1o apply 10 the analyses of Malolicimo
and Dickie (1966Y) who concluded that at a given temjerature increasing
ration results in & decreasing cotversion efficiency. Because of the paucity
of aveilabile data on restricted rations the majority of instances cited by these
authurs relate 1o soprasptimum rations, which inevitably result in lowered
effciency. The full range of response is clearly demaonstrated in the case ol
young sockeye by applying the method of asalysis of Paloheimo and Dickie
119665 who determined that the lugarithin of the gross growth efficiency
tlog K;) decreased linearly with increasing ration. Evidence 1o suppert such
an hypothesis could come only from rations that were sufficiently above the
imaintenance level 1o provide for “excessive feeding.” Efficiency of food assim-
milation increased from 7155 to 5655 for goldfish fed restricted rations
near the maintenance level, at 21.5 € (Davies, 1963). Awsuming a moisture
content of 7567 for the adult goldfish the sespective rations sanged from about
0 577 'day to 257 /day on a dry weight Lasis. It is jossible that in some species
the pesition of marimum growth efficiency may occur at comparatively low
ratinns, particularly under experimental conditions where the work assciated
with fd-finding is minimal. As is indicated for young sockeye (Fig. 15)
the inflection of log K, to a negative slope occurred at progressively higher
rations with increasing temperature. An optimum ration was not even reached
At 20 C. The latter circumstance prevails because fish would nor accept a
sufficiently high ration at this 1emperature to sutpass the point of maximum
Conversion.

The small size of most yeatling sotkeye at the time of migration makes
it highly unlikely that supraoptimum food conditions characterize this phase
of life so that the uee of log K, as developed by Paloheimo and Dickie would
not be applicable during freshwater growth.

NET EFFICIENCY

If the maintenance ration is known a further caleulation may b+ made
of the net efficiency (F.) by subtracting the fraction of the total ration that
is involved in maintenance (M), thereby desiving the efficiency of utilization

of the Iraction of food available for growth. In this instance Fq = -IF - % 100%.

M

Because Brown (1957) reported that the maintenance ration was difficult
to determine directly, since the fish kept adapting their growth rate 10 com-
pensate for reduced rations, Pandian (1967a) dismissed the value of determining
net efMiciency. Paloheimo and Dickie {1966:3) also considered that the difficulties
of obtaining satisfaciory maintenance estimates precluded ureful application
of net eMciencies. However, since it has been shown that where stable growth
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Fic. 15, Relstion letwern & hm of grsa growth efciency and ration
a1 Fve different treopesatires. Cocled points were caloclated from inte: jolated
values (Fig 6). The eSciency, K. was determined in the rarner of Paloheimo
and Dhackw (19864) using the daily gain in dry weight/daily dry mation
Sudimliﬂ wiecticns beyong the optimam suggest the relation deiermined

B aut

Each jeunt mas calestaied from the total growih during 8 10- or 13- week
' Jariabifity witkin tazks is indicated as 21 sp of the bimreily K,
valvem, which did pot whow ary consntent trend in relation w0 incrrasiag

mtion. Varanor incrases s Ky appriacbo e

rates have been established the maintenance ration can be determined quite
accurately by interpolation (see Fig. 6 and 8; also Warren and Davis, 1967),
the case for net efficiency is worth further consideration.

Brody (1945) recounts that net values were used primasily to compare
the efficiencies of farm produce (such as milk and eggs) without the maintenance
conts for the different domestic animals heing involved. Since it is a matter of
preducing flesh or converting encrgy in fish that is of concern it might seem
seasonable to dismise the net « T iency. However, it is important wherever
possitile 1o partition the encegy relations to distinguish the relative contributions
when comparing produce, sjecies, rations, ages, or the cficcts of environmental
factorn
Since the estimated maintenance portion of the ration is subtracted from
the total ration, it is obvious that the net efficiency will always be greater than
the gross cficiency. This difference is least at maximum growth rate on a high
ration and greatest approaching the maintenance level, ie, the utilization
of that small fraction of the rativn in excess of maintenance tends to be very
efficient. By using actual and interpolated values from the curves relating
growth rate and ration (Fig 6) a st of isopleths were constructed for net
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Fra. 18, Net eSiency of fod conversion in relation 1o temperalure
and ration, drawn as in Fig. 14,

efficiency (Fig. 16). A maximum net eficiency, just bordering on 405, occurred
between E and 10 C for rations of 1.57 /day down 1o 0 RS, fday, the main-
tenance level. Minimum efficiency of 159 occuried at low temperatures
(1-3Chatali accepted rations, and at 234 0.5 C for rations in cacess of 45 /day.

The net efficiency isopleths form a pattern opposite to those for grom
cfficiency, net efficiency decreaning with increasing growth rare (cf. Fig, 14
and 16). The "Tavourable axis” has a center in the same temperature 1egion
(910 C) but is rotated anticlockwise in a more vertical position with relation
10 the temperature axis. The advantage of low temjerature for gress efficiency
conversion is not present for net efficiency demonsirating that the process
of growth, when scparated from the interwoven complex of the eaergy re-
quiremnents and food turnover assiciated with maintenance, has a natrower,
diffcrent focal area in relation to temperature.

The combined evidence from growth rates and conversion efficiencies
indicates that temperatures between § and 17 € provide young socheye with
the best environmental eircumstance for elaborating cells and storing energy.

Bopy Courosition

Many factors have been shown to influence ludy composition (Love,
1957). In addition 10 quantity of food and environmental temperature, Parker
and Vanstone (1966) reported that young pink salmon (0. gerbuscha) shoued
changes in composition with size, age, Ciet, and at particular stages of life
fontogenesis). Slight but significant changes in moisture content even occurred
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diurnally. Vatious investigators noted that stasvauon is accompanied by
an early decrease in fat foliowed by gradual proiein depletion; loss of body
weight in partially offset by an increase in the proportion of water (Idler and
Clemens, 1959, Phillips et al, 1966).

At any one stage in life it can be expected that the balance of bedy constit-
cents will be governed Ly the level of food intake and the sate of expenditure
of energy. To a large extent energy exjeaditure is goveraned by activity and
temperature. Since metabolic rate appears to be closely correlated to feeding

rate (Paloheimo and Dickie, 1906a), it rmay e deduced that temperature - '

will act as @ major independent variable 1t is therelore of interest 10 examine

further some of the interrelations betwcen food intake and temperature as |
they afiect the body composition of young sockeye in an cffort to distinguish

the respective roles,

FAT FROFOKTION
At all temprratures the most responsive constituent 1o food intake was
fat, which varied from a low of 0 65 10 a high of 9.55 (Table 3). I the
percentage composition of fat is considered in relation to ration (Fig. 17A)
there is a direct proportionality st each level of temperature, with very little

distinction between the fish held at 20 C and those at 15 C. At lower temper-
il .
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atires Digh Lat feations of alout 97 occur at lower levels of daily ravion,
as tght b cvjected from the reducuon n mainienance assixoaied with
reduced temperature.

A rchnement of the above relation may e made by expressing the ration
38 a fraction of the maximum daily food intake. Since the latter is exponentially
Lemperature-dependent (see Fig. 8) a large proportion of the temperature
influence is removed (Fig. 17B). Only at § C diws there appear 1o be sulicient
difficrence to warrant separate fcpicsentation of the data. It is guite possible
{Lat the fish at § € had not reached a static balance of their Luxly constituents
at cach ration, and that in time they would have been inseparable fiom the

Aside from demonstrating the dominant role that ration plays in defining
the propartion of body constituents, it is apparent that a simple determination
of the fat fraction is likely to reveal at what sort of Jevel the fish is feeding
in relation 1o iis capacity, without particular concern for temperatures. As
long as some stage of metamorphosis such as smolt-transformation is not in
progress the fat ascessment should be of value 1o the ecologist as a means
of assessing the general feeding level of any particular population.

Since protein tends to be the most stable component of the gross Lody
constituents it might be thought that the fat/protein ratio (or fat 1o fat-free
dry material) would provide a Letter indicator of leeding intensity. However,
i1 will be recalied (Fig. 10) that both fat and protein respond in @ similar manner
10 reduced ration so that with the exception of the low=st rations arid highest
remperatures the fat/protein ratio does not provide a ufefu! index ol the
relative feeding rate.

WATER CONTENT

The starved and excess-fed fish provide examples of extremes of water
content that can occur fur a given species, age, and diet (7186 9%, Table
3). Love (1957) secords values for fish ranging from 53 1o 89 3%, but warns
that determinations are not strictly comparable Lecause of different analytical
techiniques.

Despite this wide variation (which is temperature dependent on a fised
ration), when food is present at either the maintenance level or suflicient for
maximum growth the body composition was found 1o be remarkably coneant
at all temperatures. Under maintenance conditions the water cuntent ranged
from 78 3 to 79.7%; on a maximum ration the values ranged from 72.0
10 7300z This demonstrates the sort of balance that is su uck when particular
feeding rations are zonsidered.

CONCI UDING COMMENTS
The prime purpose was to deiermine how temperature affects the growth
and efficiency of feod conversion of young sockeye salmion at various levels
of feeding intensity. The hypothesis that the optimum temjerature for growth
would shilt to a lower temperature with a decrease in ration was supported.
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A change in the optimum from 15 10 § C occurred when the ration was reduced
frum G 1o 1,57 /day.

The support for the hypothesis depended on maintaining a favorable
balinge between reduced maintenance costs and eficiency of growth processes
fincluding digestion and translormation) associated with lower temperatures.
The fact that a gross convession efficiency of 209 oecurred at 5 Con a reduced
cation lends confirmation to the ronclusion that the saving in maintenance
costs that Jow temperature aTords is the main contributor tosustained efficiency.
Thie is further resolved and supparted by examining net efficiency, which
indicates some intcraction between temjperature and food transfosmation
in favor of sustained efficiency at reduced temperature, but not 1o the same
extent as is the case for gross efficiency. This suggests thar distinct relations
exist between temperature and each of maintenance, metalolism, digestion,
and translormation. Although not defined with precision, it is apparemt from
the high gross efficiency between 5 and 17 C that the enzymatic proces ol
digestion is relatively tenmpmatuze-independent. .

A decrease in the maximum growth rate with age supports the grneral
concept that growth rate is size-specific at any given temperature. That this
is not entirely so is indicared by the duration of the growth sianzas. Thus,
at 15 C on excess ration sockeye showed a relatively stable growth rate of
1.7% /day from August to January although changing in weight [rom 10
10 B0 g. Since a variety of mathematical transformations have been wpphied
10 the growth process, it may be that use of the simple exponential equation
is inadequate for a consideration of the ¢ect of size. It is apparent from the

siwkeve data that the temperature optimum becomes Lroader with age, so
tTWEMuW 10 growth, in the presence of uniestricted
{58 Ts preatest in the verv early stages. Additional significance may Te attached
6 R Togh emaency potential that occurs between Sand 17 C. This temp=rature
range characterizes much of the lacustrine distribution of the species in its
early freshwater life. Experimentally, the determination of I»od-<conversion
efficicncy may well offer one of the greatest sources of insight concerming
what governs the success of an organism in nature.

The presence of an optimum for growth ar 15 C (when frd 1o eacess)
coincides with optimum metabolic scope, greatest tolerance to oxygen-debt,
and maximum sustained sj=ed (Brety, 1964). It is apparent that a general
physiological optimum occurs at this temperature in fresh water.

The potential for increasing returns in the culturing of fish is sell-cvident
by the presence of such a wide range of efficiency. By determining the particular
combination of temperature and ration that produces maximum growth a
gross efficiency of 25T is predictable.

Finally, the insight gained by conducting growth X ration X femperature
experiments, accompanied by determinations of bidy constituents, obviously
ofers a great deal 1o the general problem of interpreting ecolugical relations.
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APPENIDIX A.

Iscurpiewes anp Pricestace Comrcsrtios ¥y Wiiont or Diis
Usip v Socseve Gaowrw Exresrensms, 1964-87

=
Water 5 1.2
Drained, canned salmon »7
Clark’s peliet feed na U- R Clark & Co., Salr Take City, Utah)
Freah beef liver 10.0
Yean 37
Pablum mived cerea) 2.2 (Edward Dalton Co., Tarunio, Ont.)
Cod-liver oil 2.2
Vitamin pack 1.5 {Nutritional Biochemicals Corp., Clevetand,
s Obia)
Coelatin 1.5
Tddined sali 0.9
APFEXDIX B.
Procrovie rox Day Exzsacrion or Fay*
Frosn fih werr aliced loagitudinally and theis aldominal cavities cut ojen. The B were

-n
thea placed oo tared 1l minum fod frays and dried to contant weight in a foroed air oven 3t MC,
The lltmmlrhin:htmnmlunml.knmry_h 10 minimise fal cxidation

The diied fish were cruthed and tranderred, along with the aluminum fedl, to & S00.m)
Erlenmeyer Gtted with ao aluminum foilw- apped wtopper. The material in the Fask was extiacted
with 200 ml of #-besane. The foll was then temoved and the ample was (uriher ratracted with
three successive 108 m! portions of henare, Earh extraction precerded with orcavonal vhaking
for 24 br. After each extzaction the hesane was off thregh 3 small tared Elter jaser 10

ot o of suspended particulate snaterial inal traces of Nexane were removed froin the
m B vacuum oves at 40 C. b

Subsequent asd [nedomirantly 35 cxides) and total protein determinations carried oot

oo the faicairacted material sceounted for IR of the sample.
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