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‘ﬂ\; ABSTRACT

As part of a wider study of the energy budget of 1ree~11v1ng auvenile
cod, we have used an open system respirometer to determine the costs of
food utilisation for captive fish at different levels of feeding.

- Prior to the study, fish were acclimated to the experimental temperatures
(7, 10, 15 and 187C), kept under natural light conditions, and fed inside
the respirometer. During the experiment, fish were fed on a special
formulated diet of similar composition tq their natural diet, at different
levels and their oxygern consumption monitored for a 11-15_day period.’

After feeding, the rate of oxygen consumption increased to well above
the pre-feeding level, usually 8-12 hours after feeding, and thereafter
declined gradually. The maximum increase in rate of oxygen consumptlon
Jas observed usually at the end of the feeding period (8th day).

The enerpy expenditure as measured by oxygen consumption was highly

dependent upon ration size. For fish fed to satiation, the energy expendl-

ture was 12.9, .92, 16.14 and 21. 47~ of the ingested energy at 72°, 10°
.' 15° and 18° respectively. . .

RESUME

Comme contribution & une étude plus étendue du budget d'énergie des
morues juvéniles vivant en liberté, nous avons employé un compteur de
respiration & systéme ouvert pour déterminer la consommation d'énergie
de ltutilisation de la nourriture pour des poissons en captivité d des
niveaux différents d'alimentation.

Avant 1'étude les poissons ont &té accllmatés aux températures des
expériences (7, 10, 15 et 18° C); --on les a gardés dans des conditions
d'éclairage naturel et ils ont &té& alimentés & l'1ntérieur du compteur’
de respiration. Pendant 1'expérience on a alimenté les poissons selon
un régime spécial qui serait semblable & leur régime naturel & des
niveaux divers, et on a surveillé de consommation d'oxygéne pour une
période de 13 & 15 jours.
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Aprés 1'alimentation, le taux de la consommation d'oxygéhé.s'edt augmenté
& un niveau bien plus é&levé qu'avant en générale de 10 & 15 heures aprés
l'alimentation et aprés cela, il est tombé& par degrés. L'augmentation

‘maximum du taux de la consommation d'oxygéne a été& observée en générale:

4 la fin de la période d'alimentation (8 idme jour).

Ia dépense d'énergie selon la consommation d'oxygéne a été déterminée

en grande partie par les quantités d'alimentation. Dans le cas des
poissons alimentés jusqu' & satiété, la dépgnse 8'énergbe étalt 12.9, . 92,
16,14 et 21.47% de 1'énergie inérée a'z d 10 15 et 18°C respectivement.

INTRODUCTION

As part of a study of the physiological energetics of free-living juvenile
cod, Gadus morhua, we have looked at various factors affecting the metabolism
of the fish under laboratory conditions. In particular, we have looked at
the metabolic costs of food processing by the fish. :

It is now clear that ingestion of food by animals results 1n an increase in
their rate of oxygen consumption and is accompanied by heat production. The
increased energy expendlture assoclated with feeding can be attrlbuted to.;

1. Excited feeding behavicur, with increased locomotor and other activities.

2. The mastication and digestlon of food taken into the gut.

%« The biochemical transformation of the absorbed food material, formerly
termed the Specific Dynamic Action (SDA). The component especially
involved protein metabolism, but also includes the release of energy
accompanylng lipid and carbohydrate metabolism.

Where the dlstlnction is not made between the various above mentioned factors,
the term "apparent SDA" has been applied to the whole increase in metabolic
rate associated with feeding (Beamish, 197%).

Little comparatlve information is avallable on the actual energy cost of
food utilisation of apparent SDA for different species. Notable exceptions
are the measurements made by Brody (1945) on cattle; Muir and Niimi (1972)
on a fish, the aholehole, Kullia sandvicensis; the work of Beamish (1974) -
on largemouth bass, Micropterus salmoides; and Brett and Zala (1975) on
sockeye salmon, Oncorhynchus nerka. .

Warren and Davis (1967) concluded that the encrgy freed and lost through

.protein cataboliem (which they supposed was the pr;nclpal part of’ spec1floi

dynamic action) and other digestive processes ranged from 5 to. h0%5 of the
ingested food energy for fish. Pierce and W1sulng (1974), recorded the
energy cost of food utilisation as being between 4.8 to 2hk.4¥% of the
caloric content of the daily food intake in the bluegill, lepomis macrochirus,
Recently, Vahl and Davenport (1979) reported an SDA cost of 10% of .the
ingested energy in the blenny, Blennius pholis. Thus, it, seems that the
energy expended during the ingestion, digestion, absorptlon and assxm;latlon
of food material may conprlse a significant part of total respiratlon. f ,

In the present utudy we have 1nvest1gated the energy ant of food utiliuatlon
in juvenile cod at four different temperatures (7 107, 15 ‘and 18° C) by

monitoring the oxygen consumption of fish under dlfferent feeding regimes. ’
Ve have calculated the contribution of the energy expended in food utiligation

to the total energy budget of cod at several levels of feedlng.

»
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" MATERIALS AND METHODS .

Prelinminary. preparation

" .:'J.‘.}—

Cod "were caught: ‘with hand llnes in‘loch Tbrrldon, a sea loch on the west .coast
..of Scotland.. They were then transported_to.the. Marine Laboratoxy,. Abexdeen ...
and were kept in large rectangular tanks, (6" x 4" x 3% deep). Prior to :

the experxment, flsh were accllmated to the-appropriate experimental tempera~-
tures (7°, 10%, 15° and 18°C) by daily changes of one degree.and then held

at these temperatures for at least &4 weels, ~The figh _yere ept under subdued
light. conditions with a maxinum Antensity. o£;10 3w.srm.m_,___at the suxfacee ...
This intensity was chosen to approx:mate the light intenazty during summer '
daytime at a depth ‘of 10 metres in.Ioch Torridon. =:

A multxchannel dissolved oxygen meter allowed five 1nd1vidual axper1ments
. . to be run simultaneously at each temperature. These five fish were_fed. at .
’dlfferent levels, keeplng each 1n a separate open c1rcu1t resplrometer.

v \ - — -

‘-:‘; The resplrometer R
Metabollc rates vere determlned 1n open clrcult resplrometers.,.ihe lndividu
respirometers were simply made from perspex cake containers (23 x 23 x 11 cm )
with-an outflov and inflow built in (Figure-1). A’‘hole, 50 ‘mm- diameter, .
was drilled in the top of the container to allow feeding durlng the experlment.
The aperture was resealed after each meal. The resp1rometers were connected

_.to _a _common_aerated geawater supply Lron a header_tank at a height of 1.5_metras.
To keep tke temperature constant the resplrometers were placed 1n a common

-

wvater bath. . 1-u:f' . “ : D ,r wlTnl

~
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The rate of flow through each resplrometer was adjusted 80 that the metabolism
of the fish did not reduce the ambient oxygen level below 75 - 80% of the air

saturation level: 'The rate of flow was maintained constant by»the adjustment- .
of two valve ‘on the outflow of: each resplrometer. ST A ORI

. 3% S v !' AR
Ql . . . |~l-~-" LA - .

The oxygen concentratlon of the 1nflow1ng water was measured in the’hecader- -
tank, and malntalned at air saturation-level. - The -oxygen concentration at=~‘1
L the outflow vas measured for each respirometer by a polarographlc Otygeﬁ -
2.’ electrode (Orbisphere, model 2104, connected to Orbispherey multachannel oxygen
. meter, model 2710). The output from each electrode was recorded oi a 'data - *':
log er (Solartron, type 3430BD) g1v1ng prlnt—outs at half bour intervals.
2 PR Ol U— .
At each temperature, a control resplrometer w*thout a fish was uaed to” see
if there'tas any decrease 'in oxygen level due to diffusion of’ oxygen‘from "
the rubber tublrg and other fittings, or resultlng from the srowth of alsae

or bacteria in the reeplrometer. RS 3 Sl
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' 4§§7f During the experiments fish were fed on a SpeCIallj formulated dlet made up
/1n pellet form. - The -different ratlon levels were-matched to'a g:ven "percent-
age of wet body welght, measured at the start of.each experlment. Five - 7~
OQCfeedlng levels were chosen as tabulated in Table 1, and were-termed”"starved",
‘2 "below malntenance" "maintenance", “above malntenance" and "satiation"

I R CI

.‘ e “ia oV eat b '.. ‘e

Al - P .
S T N



N Regete T Mo,

R N

Fish Numbers

1 2 3 ... . v 5
Experiment below L above - ' .
Fumber =+ ¢ = . . ipging,  BAINbe L gu5n,  eatiation. starved
-1 .77 rish weight (g) - B2.90 | 6.6 . 61.1}'{ . 60 85 . .59.0-°
'?__ " Ration as % wet 0 STl e s v ;
©. .0 7t body weight - . -1.03 | 137 1 914 3 67 0.0
2 'Fish weight (g) . M.2.  45.6  50.0° .“ué.u S 613
. Ration as ¥ wet ' . . L -
Poev "jq booy”weight . 153 1.75 1,792"m 3.73 - .. 0.0 .
3 Fish weight (g)  20.3  46.2 543 513 0 39k
Ration as & wet - N R
body weight =~ 2.03 3.0 B.Qﬁ” 5.1 0.0
4 . . Fish.weight (g) 7.3  60.0 - 40.6  61.0°. . . 56.1
Lo Ration as % wet j i ' R L T ) Ll
: "body weight - 1.35 2.6 - 3.6%  5.21° ' 0.0
TABLE 1 = Fish weight (g) and food intake (% wet body weight) for each

fish at each experimental temperature.

The chosen levels were-calculated from the unpublished results of a growth
experiment where the growth rates of cod were studied in relation.to.ration
size. The growth rate (g/day) was plotted against food intake and the
intercept of ‘the regression line on fcod axis was taken as the maintenance
ration required by the fish. Other appropriate levels of feeding were also
determined from this regre551on line.: For the fish fed to satiation an

unlimited quantlty of.food was offered at each feedlng until the anlmal

refused to taLe any more. . _ - —
The components of the d1et were 51m11ar to those maklng up the natural diet
of the juvenile cod in the vild at Ioch Torridon and consisted of crustaceans,
rolychaetes, molluscs and fish. The proportions of each different food item
vere determined by taking the percentage of the food items found in the
stomachs of wild fish and veighting these by an experimentally determined

digestion coefficient for each item. The materials vere mixed together wzth

a binder, macerated, freeze-dried, converted into moist pellets and kept :
in a deep freeze until presented to the fish.

The caloric content of the diet was determlned vith a Phllllpson mlcrobomb ~
czlorimeter (Phillipson,.196k). The value was 5.6 Kcals/g or 23.49 KJ/g
agh.free dry weight.

Biochenical analyses shoved that proteln and lipid were the rain components
of the diet.

-
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‘manner, except that food was not’ offered ‘h‘ . :

F:Lsh were fed every two days on a pre—wei"hed quantity of pelleta. and the

~ feeding period lasted 8 days in each experiment, To feed the .fish, the lod .

of the reuplroneter vas opened and food was offered, then he 1lid was'
carefully reéplaced and sealed so “that no air bubbles were rapped inside‘
the resplrometer. The starved or unfed fish were treated in an %den ical A
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Experlmental procedure o . . . o
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At each experlmental temperature five flsh were exanined,,the metabollc Sieiim

rates of each individual fish being, det rmlned in the followmn seqpenc s
The fish, actlimated to the experlmentag temperature, vag’ f;rsf anaesthetiEed
with a solution of" beneocaine (ethyl—pramlno benzoic acid), and’ito‘ien th'end
welght measured to the nearest 0.5 cm and’O. 1! g respectivz *Atter’ recoverins
from the anaesthet1c the fish was placed in the Fespiroie ér. At this’ stage'“
the fish.was nearly always excited and showed a high, oxygen Qonsumption, The'
fish was then’ ‘allowed to adjust to the resplrometer fpr 3. or‘ﬁ days ﬁeforg ";
the actual experlment started.. Atter this perxod ot adjuetment the eteadx .
level of oxygen, consumption of the unexcited. and’ und;ptutbed fish ppﬂ determined
and teken as the pre-feeding level to compare with the fed fieh. iﬁe'g
consumption determined under these condition’ is'known ‘as the routine REST
metabollsm (FrY’ 1957)'“ o v R IR n’"""! NIENE DR O
‘o«tl

When the flsh ehowed no further major changes in oxygen consumptiop q e O
1id was removed. "the approprlate amount of" food offered tq,the fioh in tbe.'
resp1rometer and the 1id then’ replaced. Extra, care wee taken to minimiae
disturbance to the fish during Teedlng. 'The fiah usually took the ful1**'.
quantity offered, but ‘if any was. rejected it was removed and weished before
the 1id was replaced. This quantlty was then oubtractedefromwthe total-**-~':~

quantlty offered. R Ly S AP
The oxygen levels were thereafter monitored at 30 minute intervols. Tempera-"
ture was recorded simultaneously and the’ atmospheric pressure measured 2 timee
daily: The rate of flow of water through each experlment was measured .every

8 hours: .The’ dlfferencee in’ oxygen "level between inflow and outflow together
with the rate of flow through the" resplrometer, the atmospher;c pressure i
the sa11n1ty and the weight of the fish, was used to ¢alculate the rate of'

oxygen consumption per kg live weight per hour... e

e x‘..'~.‘- .1 A LI

After the final meaaurement the fish was weighed and the mean weight during
the experiment determ1ned for further calculatzon.‘ Ihe exper;mente were’ ",”
conducted “for 11 to. 15* days. From the’ comp081tion of -the’ diet;“an oxycA1or1fic
equivalent 6f 463 Kcals per litre of oxygen was app11ed to cgnvert tho oxygen
consumption of the fish to the energy consumptlon. Thé“difference in average
metabolic rate between the pre-feeding state and the feeding state was uge q,
to calculate’the energy coate of  food. utlllsatiqn aqd the oontri?ut%on of‘

N ‘)u A

this component to the” energy budgot. " . e S U YT R,
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Increase in oxygen consumption follow1mgﬁfeedlqg, ., pvsﬂ?‘uﬂr Vit

The rate of oxygen consunption of the cod 1ncreased after the firet meal
reaching a peak some hours later. The rate of rise and the ;evel reecbed
depended upon ration size and was larger for more eubstantial meale.g When -
the same fish received a second meal two days later, the oxygen coneumption
had still not fallen to the pre-feeding level,. and following refeipt Qf(r
the second meal .the oxygen consumptlon 1ncreased to a nev peak enerally
higher than the first: The maximum oxygen conﬂumption was usualfy observed
towards the end of the third or fourth.meal.

5



, definite conclus1ons to be drawn about’ the actual’ time" taken for’ oxygen

_different ration levels .and four’ different temperatures. ,u"“‘ o

‘\1_ ".’,'. i}

Measurements taken on a s1ngle fish (69 8 g) fed to satiation at 10 C ‘for N
a long series of meals showed. that oxygen coneumption reached its maximum
after the third meal, and thereafter remained at or near this level as’
feeding continued (Figure 2). On this basis, ve believe that four meals
fed over eight days allow oxygen consumption to reach’'its maximum,” * )

The fish. showed a decline in oxygen consumption when feeding stopped, R AL
but in most cases observations did not continue for long enough for .u._ \

consumptlon to drop’ to the pre=feeding’ ievel: . In general. “the rate of |
oxygen,consumption took several (3-4).days to.decline significantly but o
the rate of decline depended on both ration size and’ temperature,} The et
decline was slower for larger meals' and lower temperatures. 5?1‘ e o
The 1ncrease in oxygen consumption follow1ng feeding depended upon ration
size and temperature as illustrated by the data in’'Table’ 2 which’ shows 'f
the mean and peak metabolic rate of the "fish’ reached during the feeding .
period expressed as a'percentage’ 'of the pre-feeding level for five ‘i“ el
NEOEEN RS

_ Fipgures 3 to 6 illustrate ‘the changes in oxygen consumptign for fisg fed .

at different ration levels at different temperatures of 77, 10 v 157 and
18°c. In'these’ figures the mean oxygen consumption of fish oyer 24 hours’ .
is plotted against’ time. The’ cumulative effect of the consecutive mee;s }
upon oxygen consumption is clearly demonstrated. T ,

. elevation and F value at each temperature are given 1n Table b,

Dependance ofuoxygen consumption upon ration size ] ' .';‘if'

The percentage increase in oxygen consumption was greater at higher feeding
levels. . The Wilcoxen paired sample test (Zar, 1974) wns applied to the data
to test for differences in O consumption at the different ration levels:

at a given temperature. This showed 51gnif1cant dlfferences ‘pg 0,001
between all fish maintained at the.same temperature except for two fish,

fed at maintenance and above maintenance ration at 7°C, where no significant
dlfference could be shown, T N \
The increase in mean oxygen consumption (expressed as a percentage of, the _
mean pre-feeding level) is plotted against ration size in Figure 7q, ‘Regression
analy51s showed a Slgnlflc&nt relationship between ration size and percentage
increase in oxygen, consumption at'all temperatures, and levels of significance
increased as the’ temperature increased.” The regression coeff;cient. eleyation

and F value at each temperature are giVen 1n Iable 3. S, ‘\.} ‘

r R
The mean rate of oxygen consumption (mg kg h ) against ration size U
(expressed as a percentage of body weight) at several temperatures is
chown in Figure 8. There was a linear relationship between the rate of
oxygen consumption and ration size at all temperatures. Regression .
analysis showed that the association between rate of oxygen consumption

and ration size is s1gn1ficant for, all temperatures, the level of
significance increasing with temperature. - The’ regréssion coeffioient, €4~

3 « -
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The effects of temperature

against ration size (given in Table 3) showed that the slopes of the VA

‘. s.‘.’.'

Temperature clearly affected the magnitude of the increase in oxygen Co T
consumption following feeding.. Comparison of the slopes and elevations Tt

of the: regression equations for percentapge increase in’ oxygen consumption N

-

|
(YT

L



® @,

TABLE 2 Metabolic Rates Associated with Different Levels of Feeding
v metabolic rates (mg of Oz/kg/hr)
2
g | . .
8 | feeding mea;le ding - | mean ?r:;c;f':;:eding peak 916‘ mcrei?:eding
g prefeedi . . a rom pr
£ level level during feeding level level
below me | 101.61 + 16.70 | 102.89 + 15.43 1.26 118.50 + 22.51 16.62
O | maintenance| 86.82 + 3.53 | 135.42 + h2.37 55.98 172.14 + 51.80 98.27
o~ | above m. 95.67 + 21.67 | 135.30 + 24.62 h1.42 161.98 * 12.55 69.31
satiation | 87.71 % 18.36 | 167.59 ¥ 38.25 91.10 201.95 + 29.08 ©130.25
| below m. 13041 + 14,92 | 152.43 + 17.08 17.13 165.32 + 17.22 27.03
& | maintenance|155.31 + 43.98 }168.14 x 16.08 | = 8.26 - 180.74 + 24,28 [ 16.37
© | above m.  |124.91 % 23.08 {178.03 + 26.84 | h2.53 194.42 + 26,03 55.65
satiation |122.20 + 20 201.15 ¥ 33.75 6k4.61 226.31 + 47.37 85.20
L | maintenance 171.36 + 23.85- | 227.87 + 27.82 32.98 254,43 + 24.55 L8.48
| above m. | 140.76 + 9.5k | 2h3.27 + 34.65 72.82 279.01 + 26.07 98.22
satiation [161.40 + 9.89 | 318.94 + 63.10 97.61 384:80 + 18.13 138.41
below m. . (150,33 + 16.58 | 180.19 + 28.83 19.86 193.32 + 45,95 28.60
L | maintenance|157.70 + 16.91 | 223.%49 + 32.71 41.71 260,37 + 14.37 65.10
© | above m.  |150.10 + 16.84 ] 279.80 + 59.31 86.41 341.57 + 38.19 127.56
satiation [143.60 * 29.91 } 308.15 + 57.82 114,83 1353.92 + 49.77 143,46
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regression line.‘ for all temperatures did not difter significantly ;
fron each other except for 15° against 18°C; The elevation accounted
for the differences in all non-neighbouring temperatures but did not

difi‘er significantly for neighbourmg temperatures.

Comparison of the regressmn equations for rate of _oxygen consumption
agaimst ration size shows signiﬁcant differences in the elopes of the
equntions for all temperatures, except for 7/1o°c and 15/18°C,

To demonstrate the effect of temperature upcn oxygen consumption at

different feeding levels we have corrected the ration size to a constant
percentage of body weight. The oxygen consumption for the corrected ,
ration vas calculated from the appropriate regressior equations.

(Teble 4), and then plotted against temperature (Figure 9)s The
results ghow that for a ration of fixed size (in terms of percentage

of wet body weight) the rate of oxygen ‘consurption increased with
temperature; reaching a maxdmm at 15° C, and tending to decrease above
this temperature. An exception was the data for the above maintenance
level of feeding, where o:qgen consunption was still g:eater at 18 G.

The e¢nergy expended in food utilisa.tlon

| T calculate the enerw expenditure associated with feed:.ng at different

ratxon levels and different temperatures the rates of oxygen consumptlon
were converted to their caloric eq.xivalents, and then expressed as a
percentage of the energy of the ingested food. The va.lues are given

in thle 50 ’ . .

Except for data at maintenance level for 7° c and 10°C there is an
increase in the energy cost with ration gize. The data for ma.intenanoe
ration at 7° C is affected by the very low pre—feeding level of o:qrgen
consumption by this individual fish, and by a peak in oxygen consumption
after the second feeding, perhaps reﬂecting increased excitab:.lity.
Together, these factors gave a rather large percentage increase in the -
oxygen consumption. Similarly, the data for maintenance ration at 10°C
1s affected by a very high pre—-feeding level of oxygen oonsumption,

&iving a rather z:mall percentage increase in oxygen ccns\....pt n with
feedmg.

Taken as a whole, the data prov:Lde strong evidence for an increase in

. the energy cost of food utilisation with ration size. The data also

indicating that the costs of food utilisation 1n<n'ea8e with temperature.
The greatest cost, 822% of the mbeeted ener&r) is consumed by, flsh on
lorge re.tlonn at 18 ‘ .

Dincunm'on

It is well eatablished that in fiuh| as in other vertebrates, the oxygen
conmmrt:.on izcreases following the ingestion of food (Brody. 19L5; Avcrett.
1959; MNuir and MHimi, 1972; DPierce and Vissing, 19(4 Bea:nish, 1974;  and
Vehle and Da.re"x,,o. t 1“79). Te magnitude of this increace is dependent

on both ration size and the eavironmental temperature. This phenomenon,
often termed apparent SDA, has ususlly been measured as the increase in

the rate cf oxygen consu.upt:.on after a single neals
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Ve have found that rise in o:qgen consumption is mther slow, 50 that
with consecutive feeding the effect is cumulative and the maximum oxygen
oonswnptmn gevxerally appears after several meals,. !ums, the mascirum
oxygen consumption attributable to apparent SDA will depend very much .
on the feeding regime that is followed. If we consider a fish like the
cod as a continuous predator, it is most appropriate to accept the:
nean oxygen, consumpt:s.on measured duri_ng a prolonged period of. feeding
as the actual oxygen corsumption attrlbutable to food utilisation. ‘
done dur:lng thie study (Figure 2).° . ' -

'”UK 5.—‘.

Saunders (1,96:5) Beemish (1974) and Vahle and Davenport (1979) reported
that oxygen consumption takes 2=l hours to reach to its maximum level
after feeding. Our own observations showed that it toock a much longer -
period (usually 8-12 hours) to reach a peal: for cod, at our study
temperatures. Tris discrepancy may reflect the rresentation of a

more rapidly zssimilated diet by othexr vorkers, or a higher tempemture.
However, it is possible that in some cases the rapld build-up could

be due to an increased excitability of the fish following feeding rather
thar tc the dipestion and ascinilation of food. Digest:.on rates

measured for cod (Jonee, 1974 and Hawkins, unpublished data) indicate °
that 11; takes a very long time for food to be eliminated ijem the stomach.
ulmoat certa.nly reﬂec..e their very slow diges»:.on rate, No attempts
vere made to measure the energy costs arising from ekcitability of
cod in our cxperimezntal cancb.‘-:mno. However, our results from starved
fish, which showed in some cases very emell increases dur:m{; the mock
feeding pengd (1.89 and 0.45% of pre-feoding level for starved fish
at 7" and 15°C respectively). We have therefare concluded that the .
costs of increased exc:.tab:.ll"y of fish in our e;mer.unents are ama}_‘L )
and het.tkhe mzin increase in oxygen. consumption aft T feeding ca.n be
attributed tc food utilisation (apparent SDA).

~

Although the experiments did not continue for long enough to allow any
definite conclusion to be drawn about the actual time required for oxygen
cona“rm)t-on to drop to the pre-feeding level,; in gereral tho rate of
oxygen conmupt:.on decreased. to the nre—-feedmr level within a few days -
of the last meal. The rate of decline was both ration.and, temperature
dependant. This results are consistent with'those of Beamish (1974)

and Vable and Davenport (1979). Saunders. (1963) in a study on the .
eff ect of feeding on the metahol.c rate of At ]nntic cod (wt 1 kg). at’”
frou 75 to 112 mb of 02/kc/hr after feeding and remained at this elevated
level Jor 1 to 2 days, falling gradually back to the *‘astmg. routine
rate by the seventh day.. . . '
The most compre*ens*ve gtudy of apparent SDA oo mede. bv Averett (1°69)
on young coho sz2lmon, Oacorhynchus kisutch: Under cond:.tions of varying
ration axd temnernture, heat inerement s ranzing from 3.4 to 45% of the
cnerw 1ngeated vere reoorted, with mos value.; pronounced between 9

and 15% {‘"Heat increment" is a ternm uh:.ch has been used by some workers,
for e::enple,knubner, 1902; and Averett, 1969 to express the increase in
retabolic rate after fe’edin‘o). ‘ '

Muir and liimi (1972) determined SDA for two specinens of aholehole for
which they obtained a value of 16% of the ingested energy of rations
of tuna flesh at two ration levels (2.3 and L:5¥ veight). The study
by Smith (1973) on the sluggiah sargassum fish, Histrio histrio, (1 and
28 g) fed to satiation level, resulted in a range of heat increments

- from 15.2 to 36.2%, the overall average being 23.7% of the ingested food'
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are blacked
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Figure 9 The relationship between oxygen
consumption and temperature for fixed
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