W
e
~

-
Iy
(A}

A
P
N

§ ShsS =
3

\ Growth Rate and Body Composition of Fingeriing

4 Sockeye Salmon, Oncorhynclhus nerka, in relation

\y to Temperature and Ration Size J76 9

z‘e

J. R. BRETT, J. E. SuerBourN, aND C. T. Snoor

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

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

The growth of young sockeye salmon (Oncorhynchus nerka) was studied at
temperatures ranging from 1 to 24 C in relation to rations of 0, 1.5, 3, 4.5, and 6% of
dry body weight per day, and at an "excess’ 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 grow .h 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 0.239;/day. The maintenance ration was found
to increase rapidly above 12 C, amounting to 2.6%,/day at 20 C, No growth took place
at approximately 23 C despite the presence of excess food.

Isopleths for gross and net food-conversion efficiencies were calculated. A maximum
gross efficiency of 25% occurred 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 from 86.9%, water, 9.4% protein, and 1.0% fat for starved fish at 20 C to
71.39%, water, 19.7% protein, and 7.6% fat on an excess ration at 15 C.

It is concluded on the basis of growth and food-conversion efficiency that temperatures
from 5 to 17 C are most favorable for young sockeye, and that a general physiological
optimum occurs in the vicinity of 15 C,
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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 eifects oi 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 a measure of the efficiency of food con-
version and of energy loss through metabolism and excretion (see Winberg,
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1956, Wasren and Davis, 1967). Studies of this sort can be cxpected 1o contri-
bute to an improved understanding of the food requirements of natural popu-
lations as well as provide fundamental information for Gsh-cultural practices.
Many of the methods and approaches 1o animal energetics, conducted for
yrars on warm-blooded vertebrates (e.g., Brody, 1945; Kleiber, 1961; Rloxter,
1065), may be applied with profit 1o studies on fish erergetics.

The present expetiments deal with the combined efects of temperature
and zation on growth rate. Temperature has beer shown repeatedly 1o be
one of the most influential environmental factors afiecting the growth of
fishes (Baldwin, 1957; B:own, 1957; Donaldson and Foster, 1940, Haskell
et al., 1956; Paloheimo and Dickie, 1966a, b; Strawn, 1961; Swift, 1964;
West, 1966). When food is present in abundance an optimum temperature
for growth has been recorded, varying among species and in the case of the
desert pupfish (Cyprinodon maculariug) significantly influenced by salinity
(Kinne, 1960). Quantity and quality of food under ambient temperature
conditions have Leen studied intensively, especially for artificial culturing
of fish (e.g., Brown, 1957, Halver and Shanks, 1960, Hatanaka and Takahashi,
1060; Phillips et al, 1966). Davis and Warren (1968) regported that young
chinook salmon (Oncorhynchus tshewyischa) weighing 0 6 g would consume
a ration as high as 205 of their dry body weight per day. However, the in-
seracting ¢flect of ration and temperature on the growth rate of fish does not
appear 10 have been the object of critica! study except where either mainenance
or ad libitum rations were involved (Brown, 1946; Pentelow, 1939).

It was hypothesized that the optimum temjerature 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
metaboiism that accompanies reduced temperature would permit comparatively
Letter growth at lower temperatures when the source of eaergy was restricted.
The assumption would apply only for a poikilotherm if the 1emperature-
dependent activity of digestive enzyimes and growth processes did not exert
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 (Jeialurus mebulosus) by Smit
(1967). Hoar (1966) further confirms this as a general phenomenon among
paikilotherms (see also Jennings, 1965).

MATERIALS AND METHODS

The program of study was conducted over & period of 3§ yeans during which time some
change in methods was adopued. The initial phase, dealing with the efect of temperature (S,
10, 15, 20, and 24 C) using excrssive ration, tasred for 7 manths (June 2, 1964-Janvary 12, 1968).
This series served to establish the pattern of the growth curve, to provide ar atimate of the
mazimum growth rate at each temperature, a5d 10 aven the methods employed. Subequent
exgeriments involving reduced rations were jerfrmed from November 1, 1985, 10 Felruary
3, 1966, at tenjeratures of 5, 10, and 18 C, 20d from December 11, 1966, 1o March S, 1967, at
tempeiaturesof 1and 20 C. The methadology for the last two exprriments was essentially similar.
A distinction will ke made only between the two wries — A grovp, on excesy ration, and B growp,
including restricted rations — whenever this is jertinent to the preotation.
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Sovsck anp Culve sine of INTT 1 ol

All Bk were shipped as ryed egge from Scully Creel Tatele Lake vear Terrace. BC
Afver hatching. the young wore seared in circular o oval Fiterpias tanas at the Biolo
Nanamo, BC. They were the progeny of a single cross in each of the ¥ yoars Sulject to ambient
water temperatures from a ke source, the fish were hand fed on o diet of Leef iver and Clark's
peiiet feed 1], K. Clark & Co.. Salt Lake City, Utah) supplemented with a weekly supply of
frosen Lrine shrimp No history of epidemic disease, mortality i cacess of 107" or geer growth
was prescnt in any of the stk tested.

When transferred from the rearing tenks the fik mere frat screened fur & faiely
intermediate size (mean <1 $6) and then huted by 1andum nunlers 10 the e peri
ranks (see Table 1, 3). The order of tanks according to ration =as also aviigned Ly random num-
Lers.

ExriivpNTaL Tasxs

Tueive 197-Titer (43 gal) oval tanks equipped with submerged jets to provide circulation
and efcient water eachange were veed (Fig. 1, 2. e also Alderdice et al, 1968). Thew were
medified slightly by the addition of recirculating pumps and a gavstripping column to supply
appr air-saturated water at each controlled temperature. Ir meat instarces a 12-inch,
tabnlas ai aker was provided as an additional source of uzygen, and served as an emet gency
stand by Witer was fluched thiough the tanks at a rate of 240 liters/he (53 gal/hr). At no time
was the caygen saturation found to exceed 1067 o be less than 875 The average wan 5%
Cover was made available by a black coating over the center hall of the Ploaiglas top.

Water velocity within the tank rauged from 910 * em/aee (030 8 f1/5ec) for most of
the ova! path; lower velacities occurred in the vicinity of the central drain Fish were chierved
swimming mostly in the main fow away from the arras of reduced velooty. The ap;iication
of a low velacity current was considered desirabie not unly for its cieasing action but alo to
facilitate food presentation and to maintsin a gieater uniformity of activity betwren tanks
Spontancous activity is temperatuie-dependent in m. 2y sk inclading salmonids (Browa, 1957;
Fisher, 10$8). By inducing all fish 1o swim comtantly teduction in this inherent variable was
efecred.

Tewrenatuke ano LioaT

By o ixing b rolled supply lires with band valves, or by use
of thermoatatic valves, temperatures were maintaiied within 20 3 C (an average of *2 5D
for all tanks, read from standardized thermographs — see Table 1) The extiemes of eajer mental
temperature (1 and 24 C) were chomen to te approximately 1 degree C above and below the
respective lower and upper lethal temperatures for underyearling sckeye in fresh water (Rrety,
1952).

The A-group fish were translerred from culture tanks at an ambient temyesature of 7C
to their aswigned growth tanks. The temjerature was 1aiwd at & rate of 1 degree C/day, and
length-weight measursments were taken as won as the presaited tempmrature for all tanks
was rrached (June 2. Since a growth “adjustment” pericd of the wrder of 2 weeks was oherved
in the initial experiments (e Fig 3), the B group fish were provided with this further intreductory
jeriod. Their ambient temjerature ranged from 10 10 12 € The fish tested at 1 € were allowed
an additional 2 werks of acclimation at this low temjerature after an intermediate 2 meeksat S C

Fluorescent ighting illuminated the tanks with a minimum of 15 fr-¢ at the water surface.
This was controlied by a time switch set for a 9-hr day (O800-1700 he, rs1). Natural light was
seflected on the tanks from a louvie-shaded window peoviding noemal photoperiod from
spring to early fall
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1956, Wasren and Davis, 1967). Studics of this sort can be expected 1o contri-
bute to an improved understanding of the food requirements of natural popu-
lations as well as provide fundamental information for Gsh-culiural practices.
Many of the metlods and approaches to animal energetics, conducted for
yrars on warm-blooded vertebrates (e.g., Brody, 1945; Kleiber, 1961; Rlaxter,
1065), may be applied with profit to studies on fish €1 ergetics.

The present experiments deal with the combined efects of temperature
and ration on growth rate. Temperature has been shown repeatedly 10 be
one of the most influential environmenzal factors aflecting the growth of
fishes (Baldwin, 1957; E:own, 1957; Donaldson and Foster, 1940; Haskell
et al., 1956; Paloheimo and Dickie, 1966a, b; Strawn, 1961; Swift, 1964;
West, 1966). When food is present in abundance an optimum temperature
for growth has been recorded, varying among species and in the case of the
desert pupfish (Cyprinodon macularing) significantly influenced by salinity
(Kinne, 1960). Quantity and quality of food under ambient temperature
conditions have Leen studied intensively, especially for artificial culturing
of fish (e.g., Brown, 1957, Halver and Shanks, 1960, Hatanaka and Takahashi,
1960; Phillips et al, 1966). Davis and Warren (1968) reported that young
chinook salmon (Oncorhynchus tshewytscha) weighing 0 6 g would consume
a ration as high as 205 of their dry boedy weight per day. However, the in-
seracting eflect 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, 19046; Pentelow, 1939).

It was hypothesized that the optimum temjperature 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
metaboiism that accompanies reduced temperature would permit comparatively
Letter growth at lower temperatures when the source of energy was restricted.
The assumption would apply only for a poikilotherm if the wemperature-
dependent activity of digestive enzymes and growth processes did not exert
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 (Jetalurus nelulosus) by Smit
(1967). Hoar (1966) further confirms this as a general phenomenon among
poikilotherms (sce also Jennings, 1965).

MATERIALS AND METHODS

The program of study was conducted over & period of 3} yeans during which time some
change in methods was adopied. The initial phase, dealing with the efect of temjerature (.
10, 1%, 20, and 24 C) using excessive ration, laswed for 7 months (June 2, 1964-January 12, 1968).
This series served to establish the pattern of the growth curve, to provide ai stimate of the
magimum growth rate at each temperature, asd 10 aven the methods employed. Subequent
exgeriments involving reduced rations were perfermed from November 1, 1948, 1o February
3. 1968, at temperatures of 8, 10, and 18 C, aod from Decemler 11, 1966, to March 5, 1967, at
resof 1 and 20 C. The methodology for the last two exjeziments w asentially similar.
A distinction will be made only between the two wries — A grewp, on excess 1
ineluding restricted rations — whenever this is jertinent to the pre—ntation.
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Sousce anp Curroase oF Fisn b

Al Bhy were shipped as eyrd e from Scully Creek. T ke'e Fake w
Alres hatching, the young wore seared in circular or oval Fileszlas tanas at the Biof
Nanamo, B C. They were the progeny af a single cress in earh of the ¥ years Subject to ambient
water temperatures from a lake source, the fish were Wand fed on o diet of Leel fiver and Clark's
peliet feed (] R. Clark & Co.. Salt Lake City, Utah) sup wuted with a weekly supply of
frcsen brine shrimp. No history of epidemic disease, mortality i eacese of 107" or geer growth
was grescot in any of the stocks tested.

When transferred from the rearing tenks the £k aere first screened for a faiely unil
intermediate site (mean 51 $p) and then di uted by 1amdom nunlers 10 the expers
ranks (see Table 1, 3). The order of tanks according to ration as alss wnsigned Ly random num-
bers.

Terrace. B.C

ExrinivpNTaL TavKs

Tuelve 197-Titer (43 gal) oval tanks equipped with submerged Jets to provide circulation
and efficient water exchange wese used (Fig. 1, 2. see alwo Alderdice et al, 1968) Thee were
medified slightly by the addition of recirculating pumps and a gasstripping column to supply
imately air-saturated water at each controlied temperature In meat instances a 12-inch,
cubilar air-breaker was provided as an additional source of cxygen, and served as an emergency
stand by Witer was flushed thioagh the tanks at & rate of 240 liters ki (83 gal/hr). At no time
was the oaygen wiuration found 1o exceed 106% o be less than 875, The avesage was 95%
Cover was made available by a black coating over the center half of the Plxiglas top.

Water velocity within the tank rauged from 910 cm/wee (0.3-0 5 f17%x) for most of
the ova! path; bower welocities oxcurred in the vicinity of the central drain. Fish were cberved
swimming mostly in the main fow away from the areas of reduced velocity, The apyication
of a low velaity current was considered desirabie not only for its cieaning action but alo to
facilitate food presentation and to maintain a greater uniformity of activity beiween tanks
Spontancous ACtivily is temperature-dependent in m.ay fish inclading salmonids (Brown, 1957;
Fisher, 108). By inducing all fish 10 swim comtaatly teduction in this inherent variable was
efected.

TemrenaTUKE AND LiGET

By « ixing b olied supply lires with band valves, or by use
of th ic valves, temp were mainiaied within £0 3 C (an average of +2 sp
foe all tanks, read from standardired thermographs -~ e Table 1). The extiemes of exjerimental
temperature (1 and 24 C) were chomen to bLe approaimately 1 degree C alove and below the
respective lower and upper lethal temperatures for underyearling sckeye in fresh water (Bretr,
1952).

The A-group fish were tranderred from culture tanks at an ambient temyesature of 7 C
to their auigned growth tanks The temjerature was 1aiwd at & rate of 1 degree C/day, and
Jength-weight measurements were taken as won as the pressiled temperature for all tanks
was reached (June 2. Since a growth “adjustment™ period of the crder of 2 mreks was cheerved
in the initial experiments (we Fig. 3), the B group fish were provided with this further intraductory
period. Their ambient temjusature ranged from 1010 12C The fish tested at 1 € were allowed
an additional 2 werks of at this low ture alter an intermediate 2 meeksat SC

Fluorescent lighting illuminated the tanks with a minimum of 15 f1-¢ at the water surface.
This was controlied by a time switch set for a 9-hr day (0851700 hz, rs1). Natural light was
srefected on the tanks from a louvreshaded window pooviding naemal photoperiod from
spring to early fall

"From physical damage. nipping. jojeye, and accidental loss
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Fic. 3. Mean weights of mamples {r =20} of A-grocp fish held at five 1em-

ru.uun ©n excess rations. Tageriments started on June 2. Limits are

or 47 St. Three stanzas of growth are indicated according to infiection

slopes. One point (zircled) for fish at § C was discarded as being beyond the
95% confidence linvit of the mean growth rate.

Samriing Procrovet

A GuwOUP

Samples of 20 fish were removed every 2 weeks from an initial stock of 250 fih jer tank.
On each occasion fish were herded into one end of the tank and caught by drawing a small dipnet
‘-rniuliy through the group. The fitk were killed by araesihetic (150 ppm M.S, 222), and rolled
in a slightly damp cloth to remove sutface moisture. Fork length and weight meaturements
were taken 10 the nearest 0 1 cm and 0 01 . The fish were then placed into 2 deep freeze for
later analysis of gross bady constituents. The possibility of sampling bias was 1ested by measuring
a1t the fish in a contro! tank in lots of 20, throughc it the experimental period. No significant
difierence ocrured between the sample and remaining pojulation in seven such comparisons
{P < 008, using the method of Hubbs and Hubbn, 19£3).

» GROUP
To reduce change differences between samples within each tank, later experiments were
conducted with 2§ fish only, These were lightly hetized for every 2 weeks

and returoed immediately to their respective Lanks Fish were not fed on weighing days.

To check on the possible eflect of periodic handling and anaesthetic all the fish in & tank
of 250 were subjected 10 “standard ezt ment™ once a month and their weight relations compared
with a control group. No signifi difl was app over & 3-month period although
the anaesthetized group grew 18T faster in the first 2 months, then siowed dowa slightly. Because
of the rapid recovery of the fisk and their ent appetite, it wan assumed that the efiect of
the biwerkly weatment was urlikely to Le different from the menthly check.

Foop awp Freomwe
Although esentlally the same ingredients wore used (ure Apjendin A) the comjusition
of the diet differed letween the Two groups {Table 2). The umasiure vonteat was purjoefully

‘-—-—m' B e
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Tamu 2 Compusition aod calorifc vwiue of ghet fed 10 the twe groups of Reh. Figures obtained
f sroupl

rom an average of 10 amples (A groap) and 14 wmpies (B

A group (19%4-65)

B group (1985-67)

Wet Dry Wet Dry
(%) %) (%) (%)
Componrats
Water s = 63 -
Frotein s 0 2 0
Fat 13 27 6 16
Ash 4 8 3 L
Fibers 1 H 1 1
Carbohydrates L] 13 L] "
Kealls
Bonb calorimeter = & 20 54
Caiculated® 2.4 59 10 5.8

ate fiter content determined from constituents (Anorn., 1959) with wtbebydrate

erence.
*Caloribe value calulated from propartion of dry constituents using values of 5.7 {protein)
9.8 (fat),and 4.0 (carbohydratel keal/g.

increased from as average of 515 for A group te 635 for B group, for which convrolied rations
were used, to facilitate dispensing. The ieduction in fat was the result of differences teteren
years in the compesition of the major ingredients — canned salmon and commerdial peliered
feed. New food was prepared every 2-3 weeks as required and stored a2 -10 C, the mcisture
content being checked on each occasion. Proximate analyses of frozen spot-samples were perfared
at the end of the test pesiod. The metheds used were the same a3 thine for anstysing fish, described
in the next section.

The diet is one that bas evoived over a pumber of years for use in culturing experimental
fish in our laboratory. Obviously high in nutrient quality it has provided earellent growth, good
condition, and no mortalities. Since the difference iu diet compenition ecrusred beuees A and
B groups, and not uiain the B group for whick restricied rations were v, the chasge did not
result in any significant difference between the various excess feeding regimes, although there
& tendency for the A group to Bave somewhat higher mean growth rates {wee Fig. 6).

For the A group, food was dispensed by shiedding frosen cules through a band ricer. The
ik were fed 1o matiation three times s day at 4-hr intervals, starting at 0830 ke, This was termed
rexcem” Depending on temperature, the daily amount presented during the terminal growth
stanza sanged from 10 10 4% of the body weight on a dry weight basia

The B group was fed with & small press that ejrcied a preseriled «cight in the form of muld-
ple short strings of unfroren food. The restricted ravions seiected as a fracuion of dry tady weight
were: 0,1 5,3, 4 5, and 6%, and excess. It was disovered that a single ration of 35 /day, dis-
persed in about § min, was suficient 1o allow each fish to cbiain & “fair share” of the food. The
1 5% daily ration was therefore juesented a8 3 every 2 days, and the 6% ration as 1%, twice
a day. Tn the case of excess ration the uncaten particies were washed out of the tank withiz 3-8
1min from the time of introduction. For the B gioup the small wastage involved was asscssed,
providing an estimate of the mazimum daily intake.
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Cecheve are 8 matorally shaooling fish As underyeulings® they du not divplay whvious
asgressive of territorial bebavious when foedt s evenly dispersed and general uniformity of con.
ditions prevail within holding tanks I food s me. od groportionately amongst all fish,
grenth dejeniation ceoury, sosslting in an anre st size differential
The variance, as indicated in the growth relations of A-group fish log welight 22 sE. 8 =~ 20,
we Fig 3}, did not differ in ex taraes by more than 135 of the overall mean value, except
at 24 C where growih was od, and for the last we ghing as a result of the smalier sample
(r = 10). Less difference cocurred in the Bogroop eajeriments with the exception of thiee instances
whete there was a change in varisnce at e accidrrtal 1oss of fish under anaesthetic,
and oue instance where maintenance ration was involved 1n geoeral, disparity 1n consuription
of feod amung the memibers of each sampie did not occut 1o any significant degree.

e in

sed with

Proumare Axacvass axp Carcsmic Vaive

At the teginning and end of cach cyjeniment gross body constituents were detesmined
from samples of 20- 28 fish, starved for 24 b Sutaamples of five fish were ground 103 fine homog-
enate snd weighed {ractions were vied to determine water, fat, and protein content in duplicate
by the folloming rethods

Water — Approaimately balf the «sbample was oven dried 2t 105 C for 24 hr. A correction
for amy meisture dows dusiog doepfreciiog lied

From the sum of all sarple o in the 1963 tests and those at the stant of the 1965 tests
» mean watercontent od 76 & 1 2% (£2sE.m = 2] wan cbtained. The B group alone averaged
26 9% As a basis for calculating the ration in terms of fractions of dry bedy weight 2 grneral
tevel of 256 dry material was agplied ¢ sphout.

Preiein — Nitrogen content was determined by the micro Kjeldahl technique outlined by
the Asscciation of Official Analytical Chemists (1960). The value ohrained was multipled by
& 25 to cbrain the average protein value.

Nomproieim miirogen — The difiererce betwern the acid-wlubie and the acid insiluble nitro-
gen values (method of Asciation of Official Analytical Chemists, 1960} gave the nonprotein
mitogen content. It averaged 0 27 of dry weight (about 0 055 of wet weight, and vatied from
ap undetectable amount 101 2T of diy weight. The highest levels wee associated with the highest
tempesatores, independent of ration escept for starved Gk, which contained consistently low
Jevels. Since only major H were heing ined these small values have teen omitted
from the compilation in Table 3.

Fat — Lipid aralyws were first jerformed by the chiorofurm methanol wet extraction
inchinigue of Folch et al. (1957). This was later changed to hexane extraction from dried materi
{sre Appendiz B). A dlight difierence in values was ascritied 10 the powsible carry over of moisture
by the wet extraction method. An app priate ¢ ion was therefore applied to bring all results
15 3 common basis for dry extraction

Corbohydrate — No asalysis of carbohvdrate was conducted since this constituent does
not amount 1o more than 0 $5 of body weight (Vinogradov, 1953; Black, 1958) Highest con-
centzation occurs in the liver »hete valves from 3 1o 477 have been obiained for normal feeding
fih (Hochachka and Sinclar, 1962).

Colorimetry — Calrrific values were determined with a Parr bomb calorimever (methods
prescriled by the American Sciety for Testing Materials, 1966).

‘Ahen the calorific content was caiculated from prezimate analysis, values of 9 5 kcal/g
for fat and § 7 keal/g for provein were applied (Brody, 1945, Kiriter, 1961).

Data Courianos asn AvaLysis

The quantitative laws gove:ning growth have teen treated as geoeral concepts by such
authors as Rerwalanfly (1957) and Needh m (1904), with mose sjecific consideration of the pocess
14 prenive behavicur has teen slerved in yeasling fish, with intense periods occurring
wwr. after feeding.

Wacept in. a few caves Tsted in Tabie 3.
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in fuk provided by Brown (3987, Taylor (19625, and Winlerg (19863, Under conditions of en-

ntal conire! and in the abeence of limitng factors, growth w a multiplicative procesa,
it the early stages of iife, often [uliows an exponentiai curve Under the influence of apjarent
% ot with age its overall co ration tends 10 follow the sigmoid shape of a bogistic curve.
The ecus rate of gain in weight pe: unit weight (per cent chasge in weight/time, or
sjecific growth rate) declines pogressively with increasng siee.

The grreral egustion for exgunential growth isw = b where wis sre and fintime When
oges is plotted against £, (Fig. 3) the slope b X 100 is equivaient to the apecific growth rave
(G). Thi was detesmined by taking length-weight measuiements every 2 weeks veually
for & 10- 10 12 weeb jerind An estimate of the error of ¥ was computed from the peuied data ol

nstania

all measr o (42 s2). The resuricied raticn was adjusted at the start of cach Liwerkly jeriod
according o new mean we ght obrained, on @ dry weight basis. The acuad projas ion of the
nequently calculated according to the clserved mean weight achicved by the fish

€. as the fish grew the aciual fraction became slightly less than

the 1a imitially jresc -

Because of the progiesve change in growth rate that apgears 10 ecur in stanzas of decrear
ing wiope (Fig. 3, & perind of relatively stable growth from Ourcber to Febraary (Fig % was
accepred as a suitable time for making comparisons beteren tieatments. spread over a number
of years

FESULTS

Tewrekatvke X Fxcess Ramiox —- A Group

Ac a result of the favorable change in density, diet, and feeding frequency
that accompanied the trander from culture 10 experimental conditions, all
stocks showed a marked increase iu growth rate, except those at 24 C (Fig.
3, Table 1). This surge declined after an initial 2 weeks “adjustment” (possibly
Jess) and the growth rate remained constant for the next & weeks. At this
time (August 10, a sy nchionous decrease in slope occurred in all stocks despite
the difierence in acclimation temperatures of €20 C. No further change was
noted up to the time of terminating the experiment 21 weeks later (January
12). Such seasonal variations in growth rate have been observed by Swift
(1955) for hatchery-reared brown trout (Saime irufta) exposed 1o normal
temperature and light. A reduced growth rate cccurred 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-
indejendent decreases in growth.

The maximum growth rate recorded in the imitial period was 5 05 /day
at 20 C, a doubling of weight in 2 weeks. The relation between temperature
and maximum growth rate for the two subsequent stable periods (Mintermediate”
and “terminal” — Table 1) has beer: plotted in Fig. 4 including cne instance
wirere excess ration was fed in the B-group experiments (1 C, Table 3). At

n age of 5-7 months, from the start of feeding, a E:onoun(ed optimum temper-
ature for growth occurred a1 15 C. Although still apparent for - o 12-month-
oid Tisk, the graking of the rclation s cufficiently reduced that no statistical
difierence exists between the growth rates at 10 and 13 C. With increasing
age, growth continues 1o Jow dows so that optimum temperatures become
progressively less appatent. The expression of maximum grow th rate in relation

PRETT o &' - SOCKEVE CROWTH AND COMPORITION 2313

to acclimation temperature (Fig: #) has been called the "scope for growth”
by Warren and Dawvis (1067) Ly analogy with the “metabohe wope.” which
Fry (1947) used 10 describe the capacity to elevate metabolic rate above the
maintenance or standard level at vanious temperatures.

SN TSN SRS :
i 5 9 /" 3 Iy ‘]
2ol AGL - Moam -0

WLONE SROETH RaTd - % WL/ by
5

B Tt it Tt s i o & A
TEwmtRATURE = €

Fic. 4. Felation between temjerature and growth rate (42 s8) of young
sokeye salmon fed o6 excess ration. Age in months fiom stant of feeding.

At 24 C some of the young salmon would not accept food Moralities
commenced in the 1st weck. The mean weight declined and the variance
increased 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 500 were dead, at which time the experiment was termi-
nated.

Similar problems of feeding and subsequent mortality near the boundary
of the upper tolerance limit for this species have been observed by Donaldson
and Foster (1940) at 23 C, and were encountered by Brett (1932) when he
attempted to acclimate 3.month<old sockeye to high temperatures, tlevated
by stages to 24 C.

TrurEkATURE X Prescmisep Ration -— B Grour
An exampie of the effect of ration level on growth rate at a given temper-
ature is illustrated in Fig. 5. 1t was characteristic of most of the data to exhibit
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Fic. 5. The efect of ration on growth rate of fngerling sockeye at 10 C. For
eaw in comparing rates (slopes) & common crigin for all stocks has been wsed.
Solid Tines link each mean weight (m=23; limits= 42 sE}. Broken lines represent
the computed slopes for all data at eack ration Frescriled rations are indicared;
actual consumed rations m;zv:nd in Table 3. Note that the statistical
separation of the fish on 35 ration was not poseible in less than § weels.

deviations along the path of exponential growth, and these deviations, together
with the difference in weight within each lot of 28 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 each temperature a
series of curves was obtained, which change in form from a “logistic shape”
a1 20 C to a “geometric shape™ at Jower temperatures (Fig. 6) In the absence
of a generally suitable transformation a smeoth curve has been fitted by eve
to pass through the means +2 SE. Since various growth parameters can be
obtained by interpolation all the computed points are presented graphically
for inspection in Fig. 6.

The parameters of particular interest were: (1) the maintenance ration,
ie., 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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GROWTH RATE — %WEICHT/Dey
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i growth rate 1o ration at five temperaturts, Points for A-group fsh (O) have leen
:I':'H:i ln,:ﬂ::n:‘v:-ge rniu:.d Ib’;'.-.. presented as ::1. Where Bogrow fish u—‘:' satiared by the
prescribed ration, or fed & measured excess, the points have been circied.

These may be derived geometrically (Fig. 7) (cl. Thompson, 1941). The
fact that the optimum ration can be determined by
the curve from the origin may be proven
rale to ration fur a series of rations. The pa

drawing the tangent to
by calculating the ratio of growth
cameter most difficult to determine
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FiG. 1. Geometric derivation of various garametes of growth witk accom-
panying ration, using the data for fish 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 to 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 same temperature difference; and the maximum just under three times
greater. The maximum food intake per day was approximately £9 of the
dry body weight at 20 C. The temperature X ration relations could be made
linear (Fig. 8, equations], improving the basis for estimated values and providing
for extrapolation to the extremes of temperature at which food wasstillaccepred.
Alove 23 3 C lose of appetite and inefliciency of food conversion were respons
sible for the breakdown in the ovesall relation, and the ultimate death of the fish.

Guoss Bopy CONSTITUENTS
i Both ration leve! and temperature had a considerable eflect on all body
constituents (Table 3). They rarged from 86 95 water, 9.4 protein, and
1 07 fa1 at 20 C for fish starved for 83 days, 1o 71.37 water, 19,77 protein,
and 7 67 fat for fish on an excess ration for 99 days at 15 C — the optimum
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temperature for growth This dynamic and variable state of hody constituents
is apparent for all stocks and is repiesented by the progressive change in
moisture content depicted in Fig. 9. At all temperatures a lower water fraction
occurred with increasing ration, reaching a minimum of about 727 by the
termination of the exj<riments.

Among the starved fish the moisture content varied according to tenpera-
ture, with the exception of the fish held at 1 C. Since the :ate of change in
composition will be dependent on some function of temperature and time,
it would be expected that changes would proceed very slowly at ) C. Camparison
between experiments of equal duration cannot be made on common physio-
logical grounds unless a sratic state of body composition has been reached.
This is suggested by including a column in Table 3 for day-degrees, as une
indication of physinlogical time. It mayv be scen that on this basis the exper-
iments ranged from 83 1o 1700 dav degrees In addition it was an inevitable
outcome that considerable difference in size would characierize the various
groups at the terminal stage. Size has been shown 1o influence body compeosition
of young pink salmon, Oncorkynckus gorbusche (Parker and Vanstone, 1966).

As water content increased, both fat and protein decreased.* In the light
of this highly significant negative correlation (fat = -0.89, P < 0.01; protein =
-0 80, P < 0.01) it was possible to derive simple equations with appropriate

*Above the mai ration any d in pwotein is strictly relative; however, fat

mav ahow some abswlute changes

% e O
D A e
!ﬁgg‘mi ‘-15.,31}
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average moisture content of 72 5% On the final day the prescribed ration
of 3.5 was actually 3 29 of the existing dry weight. Lacking knowledge
of the rate at which the constituents changed, coupled with the fact that it
would apply in varying degrees up to the sort of error indicated, no correction
was pussible.

The basis of conducting exacting experiments on bicenergetics and growth
it fish is treated with insight by Warren and Davis (1967). From a bicenesgetic
peint of view the conversion of food should be based on calorific rather than
dry weight values Lecause of the diffirences in the fat/protein ratio. When
considering growth only, there is justification for caleulations based on nitrogen
content such as Gerking (1962) used in studies on food conversion of the
bluegill, Lepomi: macrockirus. Since the protein fraction of the dry weight
varied somewhat less than the fat fraction (Fig. 10), the inherent error indicated
above would be reduced accordingly. It is worth stating here that subscquent
exjperiments are being conducted by increasing the number of fish to allow
for biwerkly subsamples to be withd:awn for appropriate analysis.

With the above limitations set forth it is poesible to examine the combined
eflects of temperature and ration on the specific growth rate, and to proceed
to a consideration of the eficiency of food conversion.

TrwrERATURE-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 prescribed
ration may be determined (Fig. 11). The temperature for optimum growth
shifts progressively to the left as the ration s reduced, moving from 15 C
on excess ration to approximatelv § C for a ration ol 1_50;/day. The outer
curve is the same as that describing the scope for growth for 7- to 12-month-old
sockeye presented previously (terininal growth rate, Table 1, Fig. 4). With
the exception of the relation for starved fish, each of the remaining domed
curves represents the scope for growth characterizing each reduced level of
available food. As the fish grow older there would be a corresponding fattening
of this Beet of curves, approaching the ulumate minimum growth rate for
ag sh.

T TES shunt in optimum temperature supports the hypothesis that, for
acclimated fish, digestion and growth can still proceed effectively at low
temperatures. 1t suggests that either the enzymes involved are relatively
temperature-independent (wide spectrum), that a fleet of enzymes is present
with & wide range of temperature reactivity, or that rapid changes in the
metabolic system occur to meet the new situation. The marked increase in
enesgy requirements for maintenance that accompanies rising temjerature
(Fig. B) accounts for the decreasing scope for growth, to the point of losing
weight at Jow rations (Fig. 11).

( Fish feeding on a limited ration in nature would achieve better growth

by moving along the temperature axis, towards the appropriate optimum,
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Thus, at 15 C on a ration of 1. 5% /day no growth weuld occur, whereas for
the same ration at 5 C a size increase of 0 397 /day would be poscible. The
daily vertical movements of young sockeye observed during the summer in
Babine Lake {Narver, MS, 1967) involved changes of 10 C, from near-surface
feeding at dusk foliowed by a gradual retreat to depths of 100 ft or more shortly
afrer dawn. This could be conceived as a mechanism evolved to improve growth
in the presence of a limited food supply. Since yearling mig:ants frequently
average no more than 6 g (Johnson, 1965), whereas experimentally fed young
sockeye under optimum conditions may weigh as much a< 80 g 4 months prior
to the smolt phase. it is not hard 1o 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 for any given growth rate at any particular temper=
ature may be ascertained readily by checking the appropriate combination.
Since this applies to only one growth stanza, or age, it is possible to see that
by a series of such exjeriments, conducted at selected intervals throughout
the life history, a method of computing the total food requirements would be
obtained.
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Fic. 9. Moisture conrent of fisk at the start (single circled point with 2 sE)
and end nfdpovlh exje-ments Eack “e curve repirsents the final
centage of budy water in selation 1o daily ration fur a given temjerature.

With the exception of § C, it is likely that these reprewent equilibrivm states
for any ration and temjerature.

confidence limits relating water content to corresponding far and protein
levels (Fig. 10). Contributing to the variability in compxsition between sarples
of fish are the direct and interacting efects of temperature, ration, size, growth
rate, and conversion eficiency, coupled with a degree of curvilinearity produced
by appraaching threshold levels of these major constituents. No atiempt
has Leen made 1o sort theee out. It is apparent, however, that by determining
the moisture content only the 1otal groes body constituents can be estimated
fairly accurately from the above relations, 2ssuming an average ash of 2%
of wet weight (Table 3).

DISCUSSION

Sovkces oF Ernom

The experiments were designed to provide statistical sensitivity for
determining the difierence betueer treatments {temjerature and ration) by
reducing the variability witkin lots (1anks 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 subsequent need for comparison between years,
as well as the desirable feature of cbiairing a wider representation of the
population. The limited gene ool can be expected to be one of the factors

, e

-y e
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contributing to the ‘ifferences in maximum growth rate between )ears, as
exemplified by the various stocks of fish on excess ration at any one temperature
(Fig. 6). Yet it can be seen that the dissi ty was not great, smounting,
for example, 10 a difference in specific growth sate of about 0,25 day
stocks at 18 C. Since some change in diet occurred between A and B groups
(Table 2), and it was decided to present <xcess focd twice a day rather than
three times a day in later experiments, the gquestion of maximum growth

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

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

It is apparent from the change in body constituents that accompanied
the different treatments that the presentation of restricied rations on the
bhasis of the initial moisture content would apply throughout the experitental
period only to those instances that did not deviate significantly from the
original state (significd by the points close to the dotred line for 758G moisture
in Fig. 9). Except for starving and excess-fed fish an error progressively ceeps
in for all other instances, reaching a maximum at the end of the test time.
The extremes oceur at low temperature on high ration, and at high temj=rature
on low ration. For example, the fish held at § C on 3 5% ration had a terminal
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Fic. 12. Growth rawe isopleths for ruiing fingerling wckeye, showing

the percentage gain in weig um day that woukd be expected for any coml
natiop of r:tion and tempe: ature.

StaRVATION EFFECT

The rate of Joss of body weight for starved fsh in relation to temperature
was difficult 10 interpret since the mean rate for 15 C (-0.647/day) was
unexjectedly greater than the mean for the 20 C (-0 509 /day). These bordered
on being statistically different (P = 0.04). A provisional line was drawn
in Fig. 11 10 represent the most likely relation for increased temperature.

The experiments for temperatures of 1 and 20 C were conducted a year
later than those for 5, 10, and 15 C. Aside from a difference in the origin of
stocks it was conceivable that spontaneous activity might Lave been highest
at 15 C resulting in 3 generally higher metatolic rate than for the stock at
20 C. It should be noted, however, that the fish at 20 C had a terminal moisture
content of B6.9G;, whereas the fish at 15 C were 83,27 water (Table 3). A
check on the provisional interprezation 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 1wice the weight were available (120
0.3 g). The results gave confirmation for the rate of Joss of weight at § and
20 C but not for the interinediate points (Fig. 13).

It must be concluded that greater variability is either natural or somehow
indured during starvation experiments. The saniple size should theseflore
be increased and the conditions governing excitation should be rigidly controlled,
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F16. 13 Rate of lows of weight for starved fish in relation to temperature.

Exjetiments conducted with three g of fisk i P yrars
mean weight of fiah for experiments in 1965-67 n‘."a';';fal‘;n foe :olenflgll
was 120 g.

parlfculmly l‘q;anﬁng disturbances that may result inadvertently from the
feeding of adjacert tanks. The mean for all data has been used in Fig. 13 as
the best representation of the geueral temperature relation.

CoNversioN EFFICIENCIES
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 comnmon unit of dry weight, nitrogen
content, or calorific value, the gross efficiency {E,) may be calculated as the
_————-—_—.—- o

ratio of output to input by the formula E, = %- X 1009, where G = growth,
and I = food intake. This simple index provides one of the most revealing
aspects in analyzing growth phenomena, not only by indicating the circum-
stances under which the animal is most eflective but alse by providing a
asure of the most economical use of food. L

In addition to the factors of temperature and salinity, gross eficiency
has been shown 1o depend on the type of diet, the feeding interval, and the
size or age of the fish (Paloheimo and Dickie, 1966b; Pandian, 1967a, b).
Conversion values range from 89 for omnivorous adult carp feeding on detritus
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and algae (Kevern, 1966) 1o 447¢ {or carnivorous young Ophiocephclus strialus
feeding on a diet of prawns and chopped fish (Pandian, 1967a). Iviev (1945)
considered 357 10 be a maximum for young fish on a high ration. Under-
yearling cutthroat trout, Salme dlarki, showed an individual variaton of 13-
379 in ability 16 convert a diet of housefly larvae and adults at a mean temper-
ature of 8.5 C (Warren and Davis, 1967).

The conbined effect of temperature and ration provided a small maximum
area of 256 efficiency for fingesling sockeye, with a graphically determined
center at 11.5 € and ration of 4 07 /day (Fig. 14).% The mapped isopleths for

LETHAL  TEMPERATURE

BPLCITIC OROWTH RATE = % WLIGHT /Dey

[ eSS s = = w
TEMPiRATURE - €

Fic. 14, Grow eficiency of food convenion in relation to temjerature and
ration, drawn as isopleths overlying the growth curves of Fig. 11 ('ﬁmhaﬁ.n).

decressing efficiencies radiate outwards, with a “favourable axis" passing
from the lower left corner diagonally upwards through the various growth
optima for each prescribed ration. In line with this axis a large oval area is
encompassed by the 20% 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 conclu-
sion of Winberg (1956) that temperature has virtually no effect appears to
result from a lack of availatle evidence for temperatures above the optimum.
When food is present in abundance (ad libitum, or excess rations), temjperatures

BAs an aid to interjreting this graph it is worth pointing out that by following & vertical
Tine at any ene temperature, sy 10 €, the conversion eficiency increases from zero at a main-
terance 1ation, pases thiough 8 m um value at an intermediate ration, and then decreases
seferting mome wasteful gorging at bigh rations (d. Fig. 7).
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ed with reduved food intake resulting i a
R Hle axis™

below the optimum are assock

faitly constant conversion efficency, such as that along the “favo
of Fig 14 This incraction produces an apparent temjerature independence,
wiich proves to be circumstantial when the whole phenomenon 1s examined

A similar sort of limitation appears 10 apply to the analyses of Palolicimo
and Dickie (1966b) who concluded that at a given temjwrature increasing
ration results in a decreasing conversion officiency. Because of the paucity
of avsilable data on restricied rations the majority of instances cited by these
authors relate 1o sipraoptimum rations, which inevitably result in fowered
effi y. The full range of response is clearly demonstrated in the case of
voung sockeye by applying the method of analysis of Paloheimo and Dickie
110665, who determined that the logarithm of the gross growth efficiency
log K,) decreased lineasly with increasing ration. Evidence to support such
an hypothesis could come only from rations that were sufficiently above the
maintenance level 1o provide for “excessive feeding.” Efficiency of food assim-
milation increased from 71.5C; to 86 55 for goldfich fed resuicted rations
near the maintenance level, at 21.5 C (Davies, 1963). Assuming a moisture
content of 755 for the adult goldfish the 1espective rations janged from atout
ay to 26 /day on a dry weight Lasis. 1t is jossible that in some species
n of maximum growth efficiency may occur at comparatively low
rations, particularly under experimontal conditions where the work associated
with focd finding is minimal. As is indicated for young sockeye {Fig. 15)
the infiection of log K, to a negative slope occurred at progressively higher
rations with increasing temperature. An optimum ration was not even reached
it 20 C. The latter circumstance prevails because fish would not accept a
sufficiently high ration at this wemperature 10 surpass the point of maximum
conversion.

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

the

NET EFFICIENCY

If the maintenance ration is known a further calculation may be made
of the net efficiency (E,) by subtracting the fraction of the total ration that
is involved in maintenance (M), thereby deriving the efficiency of utilization

of the fraction of food available for growth. In this instance E. = -l-GM x 100%.

Because Brown (1957) reported that the maintenance ration was difficult
to determine directly, since the fish kept adapting their growth sate to com-
pensate for reduced rations, Pandian (1967a) dismissed the valuc of determining
net efficiency. Paloheimo and Dickie (1966.) also considered that the difficulties
of obtaining satisfactory maintenance estimates precluded useful application
of net eiciencies. Honever, since it Yas been shown that where stable growth
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Fic. 15. Relation between kgasithm of gross growth efciency and ration
st fve different tempmratures. Circied points were calclated [rom inte: jolated
values (Fig. 6). The eficiency. K, wed in the marner of Paloheimo
and Dickie (1966h) using the dry weight/duily dry ration.
Su‘ighl line grojections beyong the opt:mum suggest the relation determined
by these aut

Each point was cakulared from the total growh dusing a 10- or 12-week
period. Variability within tazks is indicated as +1 sp n’ the Lierrkly K,
values, which did not show ary consitent trend in relation Lo incicasing

ration. Variance inceases & K, approache zero

rates have been established the maintenance ration can be determined quite
accurately by interpolation (see Fig. 6 and &, 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
costs for the different domestic animals being involved. Since it is a matter of
producing flesh or converting encgy in fish that is of concern it might scem
reasonable to dismiss the net « T iency. However, it is imporiant wherever
jossible 10 partition the energy selations to distinguish the relative contributions
when comparing produce, species, rations, ages, or the effects of environmental
factors.

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 efficiency. This differesnce is least at maximum growth rate on a high
ration and greatest approaching the maintcnance level, i.e., the utilization
of that small fraction of the raticn 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 set of isopleths were constructed for net

i W
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Fic. 16, Net eSiciency of fiod conversion in relation to temjesature
and ration, drawn as an Fig. 14,

efficiency (Fig. 16). A maximum net efiiciency, just bordering on 405, occurred
between & and 10 C for rations of 1.57./day down to 0 £ /day, the nain-
tenance level. Minimum efficiency of 157 occuried at low temperatures
(1-3C) at ali accepted rations, and at 23 & 0.8 C for rations in excess of 49 /day.

The net efficiency isopleths form a pattern opposite to those for gross
efficiency, net eficiency drireasing with increasing growth sate (cf. Fig. 14
and 16). The “favourable axis™ has a center in the <ame temperature region
(910 C) but is rotated anticlockwise in a more vertical position with relation
10 the temperature axis The advantage of low temperature for gross eficiency
conversion is not present for net efficiency demonsirating that the process
of growth, when scparated from the interwoven complex of the caergy re-
quirements and food turnover associated with maintenance, has a narrower,
different focal area in relation to temjperature.

The combined evidence from growth rates and conversion efficiencies
indicates that temperatures between 8 and 17 € provide young sockeye with
the best environmental circumstance for elaborating cells and storing energy.

Bopy ComrosiTioNn

Many factors have been shown to influence budy composition (Love,
1957). In addition to quantity of food and environmental temj=zature, Parker
and Vanstone (1966) reported that young pink salmon (0. gorbuscha) showed
changes in composition with size, age, ciet, and at particular stages of life
fontogenesis). Slight but significant changes in moisture content even occurred

RN
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diurnally. Various investigators poted that starvation s acco mpanied by
an early decrease in fat foliowed by gradual protein depletion; loss of body
weight is partially offset by an increase in the proportion of water (Idler and
Clemens, 1959; Phillips et al, 1966).

Ay any one stage in life it can be expected that the balance of Ledy constit-
sents will be governed by the level of food intake and the sate of expenditure
of energy. To a Jarge extent cnergy exgenditure is govesoed by activity and
temperature. Since metabolic rate appears to be closely correlated to feeding

sate (Paloheimo and Dickie, 1966a), it may be deduced that temperature -

will act as o major independent variable 1t is therefore of interest to examine

further some of the interrelations berween food i

ntake and temperature as

they affect the body composition of young soxkeye in an cflort to distinguish

the respective roles.

FAT PRUFCHTION

At all temperatures the most 1espo neive constituent to food intake was
fat, which varied from a low of 0.6 1o a high of 9.5% (Table 3). If the
percentage composition of fat is considered in relation to ration (Fig. 17A)
there is a direct proportionality at each level of temperature, with very little

distinction between the fish held at 20 C and those at 15 C. At lower temper-
oot oniiti, 20

1= w TethL wHieNt

el R
» k=100 P e L ]

RaTION

Fic. 17. Relation of body fat to daily 1aticn exjaraed d

body weight (A) and of :ll m fued intake howing the relative

inBuence of temerature. Trend lines for each temjesature have Leen draws -

By £y in A The solit line in B has teen diew fur all gints, with Lroken -

lines representing the ned eflect of rature when body fat is
related to percent maximem frod intale.

as a fraction o dry .

€
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dares high Lt fractions of alwout 977 occur at lower fevids of daily rarion,
" O e TP 7y P e P —
as nught vpected from the reduction in m Ted with

reduced temperature.

A refinenicnt of the above relation may be made Ly expressing the ration
a8 a fraction of the maximum daily food intake. Since the latier is exponentially
|¢|np¢rhlulr-ﬁt‘.1‘lldtul (see Fig. 8) a large proportion of the temperature
influence is removed (Fig. 17B). Only at § C does there apjpear 1o Le sufficient
dificrence o warrant scparate representation of the data. It is quite possible
that the fisl at § C had not reached a static balance of their budy constituents
at each ration, and that in time they would have been inseparable fivm the

L.

Aside from demonstrating the dominant role that ration plays in defining

the prowniun of body constituents, it is apparent that a simple determination
of the fat fraction is likely to reveal at what sort of level the fish is feeding
in relation to its capacity, without particular concern for temperatures. As
long as some stage of metamorphosis such as smolt-transformation is not in
progress the fat assessment should be of value 10 the ecologist as a means
of assessing the general feeding level of any particvlar population.
Since protein tends 1o be the most stable component of the gross body
constituents it might be thought that the fat/protein ratio (or fat 1o fat-free
dry material) would provide a better indicator of feeding intensity. However,
it will be recalied (Fig. 10) that both fat and protein respond in a similar manner
1o reduced ration so that with the exception of the fowest rations and highest
wempratures the fat/protein ratio does not provide a udefu! index of the
relative feeding rate.

WATER CONTENT

The starved and excess-fed fish provide examples of extremes of water
content that can occur for a given species, age, and diet (71 86 9, Table
3). Love (1957) records values for fish ranging from 53 10 B9 39, but warns
that determinations are not strictly comparable Lecause of different analytical
techniques.

Despite this wide variation (which is 1emperature dependent on a fixed
ration), when food is present at either the maintenance level or suificient for
maximum growth the body composition was found to be remarkably conerant
at all 1emperatures. Under maintenance conditions the water content ranged
from 78 3 to 79.7%: on a maximum ration the values ranged from 72.0
10 73 07. This demonstrates the sort of balance that is struck when particular
feeding rations are considered.

CONCLUDING COMMENTS
The prime purpose was to determine how temperature affects the growth
and efficiency of food conversion of young sockeye salmon at various levels
of feeding intensity. The hypothesis that the optimum temperature for growth
would shift to a lower temperature with a decrease in ration was supporied.
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A change in the optimum from 1510 5 C occurred when the ration was reduced
frum 6 10 1.5 /day.

The support for the hypothess depended on maintaining a favorable
valince between reduced maintenance costs and eficiency of growth processes
fincluding digestion and transformation) associated with lower temperatures.
The fact that a grose conversion efficiency of 209; occurred at § Con a reduced
fation Jends confirmation to the conclusion that the saving in maintenance
cosrs that Jow temper ature affords is the main contributor to sustained efficiency.
This is further resolved and supporied by examining net efficiency, which
nlicates some interaction between temperature and food transformation
in favor of sustained efficiency at reduced temperature, but not 10 the same
extent as is the case for gross efficiency. This suggests that distinet relations
exist between temperature and each of maintenance, metabolism, digestion,
and translormation. Although not defined with precision, it is apparent from
the high gross efficiency between 3 and 17 C that the enzymatic process of
digrstion is telatively tempeatuse-independent. .

A decrease in the maximum growth rate with age supports the general
concept that growth rate is size-specific at any given temperature. That this
is not entirely so is indicated by the duration of the growth stanzas. Thus,
at 15 C on excess ration sockeye showed a relatively grable growth rate of
1.75, /éay from August to January although changing in weight from 10
to 80 g. Since a variety of mathematical translormations have been apphed
10 the growth process, it may be that use of the simple expenential equation
is inadequate for a consideration of the effect of size. It js apparent from the
wukeve data that the temperature optimum becomes broader with age, s0
T e senihcance of iemperature 1o growth, in the presence of unrestricted
oo, Ts greatestin the verv early stages Additional significance may be ttached
o neTial emciency potential that occurs bepween 5 and 17 C. This temperature
range characterizes much of the Jacustrine distribution of the species in its
carly freshwater life. Experimentally, the determination of {»od<onversion
efficiency may well offer one of the greatest sources of insight concerning
what governs the success of an organism in nature.

The presence of an optimum for growth at 15 C (when fed to rxcess)
coincides with optimum merabolic scope, greatest tolerance to oxygen-debt,
and maximum sustained speed (Brett, 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 self-evident
by the presence of such a wide range of eficiency. By determining the particular
combination of temperature and ration that produces maximum growth a
gross efficiency of 259 is predictable.

Finally, the insight gained by conducting growth X ration X temperature
experiments, accompanied by determinations of body consiituents, obviously
oFers a great deal to the general problem of interpreting ecolugical relations.
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