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INTRODUCTION

In most studies dealing with the respiratory metabolism of fish either
standard or active metabolic have been measured (Winberg 1956, FRY

1957). Brett (1970) points out the importance of measuring the activity
level in any record of oxygen consumption and this can easily be done when
a tunnel respirometer technique is used. (Brett 1964, 65, Rao 1968, Dickson
and Kramer, 1971 and others). However, these studies are mainly working
with single fish for short periods of time and not actively feeding and grow-
ing fish in groups. The construction of a fully controlled growth and meta-
bolism tank (Brett et.al 1971) made such studies possible, where growth,
metabolism and excretion can be followed in detail for long period, growth,

(Brett and Zala, 1975).

A better knowledge of the total energy budget of a fish would be of great
help in fish culture. Several important studies (Warren and Davis 1967, Brett
1970, Niimi and Beamish 1974, and Brett 1976) has given valuable information

of the bioenergetics of growth and the possibilities of predicting production.

The present study was concerned with the average metabolic rate and growth
of Atlantic salmon under controlled laboratory conditions at various levels of
routine activity (low swimming speed). The aim of the present s‘cudy was to
find out a) the accuracy of the method, b) determine average metabolic raté
for fed and unfed fish and c) see if any swimming speed were superior to
other according to growth and gross growth efficiency., A few preliminary

calculations of the bioenergetics of the salmon has also been done.
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The respiration experiments have been conducted in the periods Sept, -

Dec. =75 and January-May -76, and the food-growth experiment from
12th Japuary, to -23rd March, ~76. . \Roth, studie s, witloeontinue with mewiqes 5

material, and the present: study hasqnot ek keenifinallyanplysed (ppoxis
mate analyses and samples of ammonia excretion). It is therefore

important to emphasize that this is only aVpreliminary report.

ST AARS L4
Experimental tanks,

rinvuanar snieaM o to ajuiitenl

Five oval 175 litres fibre glass ”gro\;vlth.i‘anhd}Srn(e}tgcborlkllsm” tanks of the type
described by Brett et.al., 1971 wer‘eyujse‘cf ”'ILJ‘I‘;% ﬂtechmque are principally
the same although some differences exists in design and equipment. Un-
filtered sea-water of two temperatu;,rj'e;s\z»}(;g?;;-::%d{fg{}l?C) were mixed and
controlled by means of a Stafa electronically regulated magnetic valve,

The valve, originally constructed for. 1{1,§§_‘_:‘4in Lre ﬁhWﬁ?ﬁl’iﬁstﬂ% stands sear 1
water o, 2RQRt; 3, YEAT. 1t 18 Possible Jtp FRERIAL, EPIRCTAIMES WM Reh sts
+ 0. _\C 1f careful ;and regular control is .exerted, . . 9«?‘?()‘?’%?’.@)“?%9.f:%’al."(es'éel

&
g. glw ater passes 1nto 2 bubble trap on the ],1}“ hefore .running. ;Lynto the .o

regulaftest all‘ the ,flve tanks. Flow is_ adgu,sted,by‘PV({,ﬁ r;egulation( valveg ,or

V}[ater le) the tank is constantly rec,lrc;ula,ted by a, magnetlec @e?%lf}t_gazterl qi
pump. of. O 1 HP placed on a platform ‘below the <tapk¢r ; Watt%%é‘?aﬁfﬁ.ﬁtth?atlod’
tank through small holes in the wall, passes.: the ~pump. and. returns. te, the.
tank in two vertical pipes standing opposite each other-inside.the tank;.. ..
(position in fig. 1 ). A jet-current is created when water is forced out

throuwgh 8choles (03.2mrm) in each pipe. : The strength ‘of>the current is"

Viweghldted! by two PVG:«ball valves.: «osivogon Tevovan  oont o i o gled
goiermiotel oldsurny vy G e v s el whn Ly o alaiiad el o o i Ve

Tihe!open~cigcuit: growth tank. is changed. into. a:.closgd..respiration.chambenyp
as described by Brett et. al, (1971) Water samples is tapped off the

[3vroan F - ' o0 SR
f rfeoc1¥culiat1onp system and an oxygen probe can be mounted 1n ‘the 11d

100r£§lfn)a[le the probe was 1nstalled 1n a small sensor chamber below fhe
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Experimental technics.
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Fioago

Oxygen consumptlon was usually measured durlng one hour 1n the mornlng.

Ly

In perlods of contlnuous measurements, to cover the dally varlatlons 1n _

P BRI

metabohc rate, one hour close c1rcu1t'was followed by four hours open o

R K 4 57,\‘3 1 PRI B A
circuit, Thls was necessary in orde1 to renew the water in the tank A
total coverage of all 24 hours in a day has not yet been carrled out.

S } N T T :
The 11d was closed several days ahead of a test ' The only preparatlon

necessary before the start of an exper1ment was to close the dram véi{ze |
fill up the tank and 1ncert rubber corks in tbe two corner holes of the hd o
The fish kept swimming below a black plastic cover on the lid, leaving o

two crescent shaped light fields at each end of the tank,

ln several experlments the temperature was measured manually in the tank
before start which dlsturbed the f1sh sllghtly - ln later experlments the |
same measurements were taken in a tank wjlgthout flsh ”an’cl in all tanks after
the test. Fish was considered in fasting conditions 40 hours after feeding.
Water samples were monitored immediately before closing the drain and at
a fixed time in closed conditions. Zero time (start of the respiratioh test)

was defined as the point of time ‘when the two‘cdrner holes were plugged.

In the growth experiment, length and weight w‘ér"e!measured‘every two
weeks, Fork length and weighttwere taken to the nearest 0.1 cm and'0: lg.
Fish were not fed within 48 hours before weighing. After & 'light' anfdesthe-
tisation (benzocain saturated 1n9b% alcohol, E‘gi‘dius 1973) in 'the tank, “fish
were further narcotized, measured and kept in flowing sea-water until the
tank w'(af's“tho'roughly' cleaned,  Afterwards the fish' Were retirhed to 'the ' '
tanks in 4 buckét 6f rva’terl“"Usually"t‘he”‘fi"sh~acc§ep‘ted"foo’d'"sh'o'rt"lir after s i

N : . o A i : oy

measureéments!

Source and culturing of fish,

The fish' were hatched and cultured'at Fisk og Forsgk, Matredal (Institute
of Marine Research, Freshwater Laboratory) and transported to the institute'

in Bergen several months ahead of the experiments
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Fish in the respiration series (Aug.—Dec. -75) were two year smolt in
-74 and second generation of cultured salmon. Parents were wild salmon
c:iught in seines at M3lgy. They have been kept in the experimental tanks
since January‘; -75 and were given oxytetracyclin for 10 days in April,
Temperature has all the time varied between 8 and IOOC, and at constant

salinity 34, 89/00 .

The second series of fish (respiration and growth exp.) originates from the
river Suldalsldgen and were two years smolt in 1975, They were accli-
mated for three weeks at about 8°C in the tanks before the experiments

started.

Food and Feeding,

All the fish werw fed a Tess high caloric dry pellet feed no. 5. Composition

and calorific value of diet are given by the producer.

Components, Wet (%) Dry (%)
Water 10 -
Protein 43 - 47.8
Fat 20.5 22.8
Ash 6.5 7.2
N-free extract 19.0 21.1
fiber 2.2 2.4
Calorific value
M.E kcal/g 3.67 4,09

A ration of 3%/day (dry weight of food as a fraction of dry body weight)
appeared to be in excess, and the fish were therefore fed to satiation,
Food were distributed by hand twice a day, five times a week, once on

Saturdays and not on Sundays. Fish were not fed within 48 hours in we

weighing days.

Gross growth efficiency is determined on the basis of dry weight., The

specific growth rate G is calculated as

G = log, W, - log, W, 100

t -t
0

where Wt and Wo is weight (wet) at time t and to respectively,



In calculations of dry weight of fish the water content has been set to 75%.

Swimming speed.

Swimming velocity in the tanks were determined by use of a small single
axis ultrasonic current meter (GYTRE, 1974), Table 1 and measuring of
surface velocity with small plastic particles (Table 2). Comparative tests
showed that measures of surface velocity were fully satisfactory as a
routine procedure, and were performed in connection with all respiration
tests. A pulasting current was observed indicating a complex pattern of
currents in the tank. However, changes were fast and the average current
observed at regular intervals kept remarkably constant. PVC-regulation

valves were unfitted for control of velocity.
A change to PVC-ball valves made it possible to keep a stable speed for
several weeks in all tanks. A complete wash-out of tubes, pipes and

valves was necessarily after some months.

Temperature, salinity and oxygen.

Temperature in the tanks were measured twice a day and average tempe-
rature during the growth experiment were 8.25 + 0.41°C. In coming-

water, measured in the bubble trap, showed 0.4 -0, 5°C lower temperature.

A heat exchanger has not yet been installed in connection to the pump, and
an increase in temperature of 0.3-0.6°C is observed after one hour of

respiration tests,

A mixture of seawater from 50 and 150m depth were used and a variation

in salinity of 34.8 + 0.20/00 was observed.

The oxygen content of the incoming water varied between 91 and 96 %
saturation, and from 90% (before feeding) to 60% (after feeding) in the

tanks,

A drop in saturation from 85 to 65% were usually observed during a

respiration test of one hour.



RESULTS

Metabolic rate of starved fish,.

The fish responded quite well to the various swimming speeds in the tank
and kept steady below the black cover, and between the outlet and tank wall
about 10 cm above the bottom. At the lowest velocities (10 cm/sec, and
below) restless behaviour and spontaneous movements were observed from
time to time. Table 3 and Fig. 2a present the results of several experi-
ments with grouped fish of about 25cm, tested in one hour. All the
measurements were performed in the morning between 09.00 and 11,00
from 44 to 70 hours after the last feeding. The highest obtained average
water current was 26 cm/sec. If the relation between maximum sustained
activity and length. are similar for atlantic salmon and sockeye salmon
(Brett and Glass, 1973) a speed of 26cm are equal to 1/3 of maximal
sustained activity of the experimental fish., A straight line was obtained
when the logarithm of rate of oxygen consumption (ml. Oz/kg/hr.) was
plotted against speed in fish length per second (L/sec). It can be described
by the linear regression function loglOY: a + bX where Y represent

oxygen consumption (ml.OZ/kg/t) and X speed (L/sec).

where LoglOY = 1,70 + 0.18 X

In several experiments, temperature were measured through a small hole
in the lid just ahead of the test., Although great care were taken of not
disturbing the fish, the measure'd values were 10 -20% higher than the
undisturbed series. (Fig. 2a, Table 4). The figure also shows single
measurements where the fish showed unusually high and restless activity
before or during an experiment. These values are not included in the

calculations.

Several experiments with other fish sizes and temperatures have been done,

but these results have not been fulfilled and will be presented in a later

report,

Metabolic rate of feeding fish,

In the morning the metabolic rate of the salmon was usually deéreasing.

A sudden increase took place during feeding as a result of the increased
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activity of the fish (Fig. 3). Within two hours the oxygen consumption
decreased, for thereafter to increase gradually until a maximum was
reached 3 -6 hours after food intake. The exact time of maximum was
difficult to measure due to the strong effect of light on the metabolism of

the fish. -

The Salmons of average 26.5cm (183g) fed 14.3g. (2.8%) increased their
metabolic rate from 65,7 ml, Oz/kg/hr before the meal to a measured
maximum value of 127.5ml, Oz/kg/hr 5 hours after the meal. This level
was kept almost constant until light came on (0400). After that oxygen
consumption decreased gradually until the level of starved fish, 17-24
hours after the meal. Numerous observations indicates that the calorigenic
effect (SDA) disappeared within 24 hours after feeding a 3% meal to
salmons of 25 cm. under the prevailing conditions. Fish of 350 g that
were fed an average meal of 19.2¢g (3.2% ration), did not return back to
nonfeeding levels after 24 hours (Fig.4a). Metabolic rate increased
according to size of the meal (Fig.4b) and the duration of the increased

metabolic level was in a similar. was extended by an increase in meal size.

Daily pattern of oxygen consumption.

Large diurnal fluctuations in oxygen consumption were found throughout
the whole experimental period in both starved and fed fish (Fig.3), A
minimum level of 56.4ml.02/kg/hr in starved fish at a swimming velocity
of 15,6 cm/sec. (0.6 L/sec) was found at 13.00-15,00 am. Metabolic
rate rose sharply when light was switched off at 16,00 am, to a maximum
value.of 105ml. Oz/kg/hr one hour later. Metabolic rate kept constant at
98'rn1.02/kg/hr until light was turned on at 0.400 then oxygen consumption

fell gradually to a minimum at 1300 am.

The abrupt change in light conditions had a strong effect on the fish. In
day time the fish kept swimming below the black cover at a steady rate,
and movements beyond this place was only seen at feeding time., During
the dark phase the fish were often swimming restless around in the tank,
and sudden violent movements were observed. For starved fish the
metabolic rate increased at an average of 27% (observed range 16 -34%)
when light was switched off, and 15% (range 13-23) when light was turned

on, Fig,3b presents oxygen consumption measured in an open continuous
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flow through the tank, Several water samples were taken from tank

and inlet and an oxygen electrode, placed in the 'lid, recorded conti=-
nuously variations in the oxygen vcontent of the water. The presented
values are calculated on basis of both water samples and oxygen electrode
recordings. Even though the values are relative, they give a detailed
picture of the variations in the tank., Together these figures probably
present a realistic picture of the daily variations in matabolic rate of

the salmon at the present conditions,

Daily average metabolic rate of starved fish were calculated to 81 ml,
Oz/kg/hr. After one meal (2.8% ration) average metabolic rate increased
to 102 ml.OZ/kg/hr. For unfed fish the average metabolic rate during
night and day were 95 and 59 ml.QZ/kg/hr respectively,

Growth in relation to activity.

Appetite was rather low in all the groups during the whole experimenfal
period., Feeding more than twice a day was not successful, and each
feeding period lasted about 20 minutes. Most of the food was eaten
immediately, and after a while the salmon learned to pick up excess feed
from the bottom. Loss was judged to be quite small except in tank no. 6.
Before the growth experiment started, feed was almost neglected in this

tink, so no.6 are not comparable with the others.

As a result of the reduced food intake the recorded growth was small
(Table 5) although minor differences were observed. An average swimming
velocity of 15cm/sec. (0.6 L/Sec.) in tank no.3 gave the best growth rate
(0.22%) and highest gross growth efficiency (13.8%) during the experimental
period of 71 days. The daily intake of food based on the whole period
was calculated to 1,6% although actual figures per day could be 3%.
Altogether, the fish were only fed in 51 of a total of 71 days. At average
velocities of 23.4cm/sec. (0.94 L/sec.) and 10.9 cm/sec. (0.44 L/sec.)
growth rate and gross growth efficiency were equal. At a swimming
speed of 6.1cm/sec. (0.24 L/sec.) growth rate was negligible with a
daily intake of feed of 1.1%. At this velocity a great portion of a pellets
sunk down to the bottom before they were eaten, and loss is therefore

expected to be greater here than in the other tanks,



DISCUSSION

Metabolic rate - unfed fish.
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An 1mportant questlon in the present study has been to know ;th‘ei a‘cvcuracy,'
of the technique. A direct comparison with other studies, u51ng ‘different
rnethods and at various environmental COﬂdlthnS are rather dlfflcult ‘
Such a comparlson should if p0381ble deal W1th Atlant1c Salmon but few(
1nformat10ns are available. meerg (1936) refers to vallous Rus31an k .
studies, N1k1forov (1953) and Prlvolnev (1953) on young salmon of 0. 17', :
20 g, o By usmg Prlvolnevs data and Wlnbergs table for adJustlng meta-A
bollsm to temperature a metabollc rate of 71 ml Oz/kg/hr for salmon
of 20 g was attained, which probably represented a basal rate value
Lindroth's (1942) data, using the same method, gave a metabollc rate of
55 ml, O /kg/hr for fish of the same size (3 years old) and 49m1 Oz/kg/hr
for 25g salmon (4 years old),
For parry‘ ‘ of 40g L1ndroth (1942) found an ox&gen\ﬁc’onsumptlon df‘léO mlx )
/kg/hr at 10° C in comparlson to 61rnl 0 /kg/hr Power 1959) for an )
Ungave parr of equlvalent weight and temperature (basal consumptlon) { o
measured in the fleld Smolt showed a reduced metabol:c rate (Power,‘ »
1959), "but this reductlon could just as well be a result of welght dlfference.;j
None of the above mentloned studles are comparable to the present results.;’
Few spec1es have been studied more in detail a(,cordlng to metabohc rate
than sockeye salmon Oncorhynchus nerka (Brett 1964 1965 1967 Brett |
and Glass 1973 Brett and Zala 1975) A dlrect comparlson to th1s

spemes 1s pos51ble by the use of 1sopleths o:f metabollc rate and cr1t1cal | _

sw1mm1ng speed (Brett and Glass 1973)

Five ‘unfed Atlantlc salmon (average 34cm and 444g) at a sw1mm1ng speed
of 23. 2cm/sec and 8.6° C (Fig. 4a) had an> avelage metabollc rate of |
59, 9+3 3 ml. O /kg/hr (six experlments) " Comparatlve data for socl\eye
salmon (smgle f1sh in freshwater and W1th tunnel respllrorneter techmque) 7
was 54 - 63ml, 0. /kg/hr at 8° and 9 C respectlvely (from 1sopeth d1aorams)v.)
A second series of experiments with Atlantic salmon (25c¢m, 159¢g) at

26.1 cm/sec and 8, 5°C (Table 3) had an average metabolic rate of 77.8+

6.8ml.07/kg/hr. For sockeye salmon the comparative value was 77m],

Oz/kg/hr.
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- Growth and conversion efficiency coaterie i G il

As seen .{Tfro‘m‘..Table 5, ration and growth was: quite'smallduringthel: it
whole - experimental period. Several factors are’ probably responsible -t
for the reduced appetite and growth, and one.is supposed to be the size of !
fish in: relation to the volume of the tank. .. The:'salmon was probably:too: "
large for growth experiments. According to Burrows (1972) the space '
factor -is assumed to affect growth -in some species of salimonids. +White ¢«
worth (1968) . pointed out the possible interaction between size of fish'and '«
test;chamber and low growth in brook trout. ' The oxygen ‘content also «v.i-
varied: considerably during the experimental period, a factor that might =
have ireduced-appetite and hence growth rate. . -Doudoroff and Shumway =il
(1970) iclaims. that large diurnal fluctuations in ‘oxygen level: can impair’

the appetite: and growth even at reduced rations: . ‘wiiroc il e

Salmon are by nature an active fish and it was assumed that both appetite
and: growth would increase at an optimal swimming speed. .. The present: «/
results. sipport such an assumption although further experiments are == !
needed.; «Ware . (1975), in a reanalyse of an earlier study of young bleak '
by Ivelév. (1960) found maximum values for growth rate.and the. growth: ' =
efficiency -at different swimming speeds, RN O S S PR R A o
IFig; 5.indicate a daily maintenance ration close to l.3% of the rationifor:
salmoniat an average swimming speed of 23,4, 'AlﬁthOugh*the*?'data'f"are‘«‘f‘mﬂ ’
scarceiitsisquite evident that less food is neéded 'as ‘swimming: velocdity
goes down, -~ Brett et. al. (1969) determined a maintenharce ration ‘of 1%

at 10°C for sockeye salmon of 5-20g. R R ST ol PP R TR TR I RAY

Bioenergertics:

N R ; ' , : R o LR T
As a result of the growth and metabolic experiments a preliminary i o
examination of the bioenergetics can be done. . . .. ...
Winberg's (1956) balanced equation can be within
0.80 - Q =Q +Q

c g r
where 0,80 - Qc = the physiologically useful ration, Qr = energy of
metabolism (total) and Qg = energy of weight increase., Winberg estimated
that the physiologically useful relation comprised 80% of the total energy

of the ration.



{ b

In this case 0.80 - Q_ can belteplabbd By the' dddtdbolizdBE8 Part o the 7
ration or from page (4 ) 4.09 kcal/g dry feed. (using Phillips' (1969)
physiological factors.,» except for carbohydrate kcal‘ petrgramuoforiproteing’
3.9, fat= 8.0 and carbohydrate—l 9)

AT Y B S RO ¥ R N LR al wulevy o wab ug <\\ ade
Energy for growth was estimated as the mean increase in body welght
(gram dry welght/day) multlplled by the energy content of the body wh1ch
d b sdsotenr aaorteluslon yrgoiifnod SAEL MR

was estimated to 5. 6 kcal/g meerg, 1971) (pro;x)lmate arllalysm are in y
2 RES R SN TEDNOTS o O SRR N

preparation).

Sy o
UL A

For tank nr., 2.

T ,de{.:j ceons o 8ul3ix 409 nmit3Radbekeabis e iyan o) ao aciboil
ot Growth,... 0.7l x%.5:6%: = 1. 3498ukeal i (re®d - RELY momifan
qemetabolism, o v ernrad o 0B %R keali g asw aiaerivgen

Pt

-
: : L | . 45 e S B o I S
coist Epeas bt wee s ste ailodeiopn egeiov s st wolarpy vt dan

This corresponds . to &, metabollc rate. of 125,8 m]{.pz/kg/hr Af all they 2o - ¢
given food was jeaten and a 'V»Ceal“?f‘?%%n9:9}111‘5?:1‘%‘}‘9 of, 4, «.:u:k):Ca'l/;;lfo CAsruseday oo

ERE ST O

"<‘z S I AR B VRO EVN A ST B L «w"\:,«l_} Do bd Te ade adiiadiedsns angteve glinh
)\ ) f Ll

I—Ioweve:; some loss . of food,w;,ll always take, place. ;1£-.90% Qf he“\fQPd.‘j gl boie
was consumed th?( daily ‘ayﬁragg“met?,hg}lgkgatée:“.wggglqube 111,6. mls /J vl

kg/hr eEan s Peliny v i dbeoss seoty bos dlwowd ytiviios boazssunig

cadine sy seod sl Sty asescon d D o owyiisolov s b yhiwiios

A companison o£ the. estlmated value. from, the; balanced;equation i with ;fthe.; -
measured avgrage value from the. respiration, experiments, are.presented.. .i:y

below, LRI L

no. food loss 10% food loss
Estimated value 125, 8 ml.OZ/kg/hr - 111.6 ml.OZ/kg/hr
measured 102, - ml.OZ/kg/hr - 102, rnl.OZ/kg/hr
Difference : 23.3 ml.Oz/kg/hr 9.6 rnl,OZ/kg/hr

Difference in % of + 23.3% + 9.4%.

measured value

The maintenance ration was calculated, with the use of the measured

value 102 m].OZ/kg/hr.

102 2,019 4.8

Daily requirement 1000 = 23,72 kcal/day
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where 2.019 represent the total fish weight in kg.

_ 23,72
The maintenance ration R = ————— = 5,8g/day
m 4,09 '

or 1.35% pr. _day a value in agreement with Fig. 5a,

These preliminary calculations indicate that the measured oxygen con-

sumption are accordance with the estimated values.
ABSTRACT

Studies on the respiratory metabolism and growth of young Atlantic
salmon (132 - 475g) in seawater at 8.5°C have been conducted, The
experiments were performed in the laboratory using five 'growth meta-
bolism'' tanks. The average metabolic rate at swimming speeds from

5 - 25cm/sec., were determined and compared with similar data for
sockeye salmon. Both fed and starved salmons were examined and a
daily average metabolic rate of 81ml.02/kg/hr for starved fish (173 g)
and lOZml.Oz/kg/hr for fed fish were found. Both groups displayed a
higher oxygen consumption during the night than at daytime due to
increased activity., Growth and gross growth efficiency varied according
to activity and a velocity of 15cm/sec. (0.6 L/sec) gave the best results,
Preliminary bioenergetic calculations indicated that the measured metabolic
rate were in agreement with the calculated value from food-growth

experiments,
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Fig. 1

P

Current measurement in the ''growth-metabolism'' tank.

A, Horisontal measuring positions in the tank,

B. Direction of the horisontal water ''fan' in recirculation.
C. Vertical measuring position of the tank.

I. 30 cm from end of the tank - P.
II. 60 ¢m irom end of the tank - P,
111, Parellel to the long-side.
b) - 3 depth,

a) - surface, ¢) - near bottom.



OXYGEN CONSUMPTION - ml. Oz/kg/hr.
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Figi2b

- Oxygen consumption and activity of groups of 10~ 14 Atlantlc

slamons at 8.5+0.5°C, 44-70 hr. after | ‘feeding. . o——daun-
disturbed fish (average 23.8-26.8 cm, 132 5-186 g) 5o

e~~~ minor disturbances (average 23 2-24,8 cm, 134- 153 g).
+ restless behaviour (average 24,3 -25.5 cm, 137.5-159.5 g).

(for. further.. 1nformat10ns see table 3-&4) R T R NT20 N YA |
I A N R RR ST S _'{!.'L"-!.! BIR it%j;.im',» 1 <"‘l I
Oxygen consumptlon and act1v1ty of groups of 13- 14 Atlantlc

salmon (average 23.8-24.8 cm, 132.6-153g) at 8.5 +0,5°C
after feeding a 10.5 g dry feed (2% ration). &—a& 6 hr, after
feeding. o——o 22 hr. after. feedlng o---e 44 -48 hr. after
feeding. (average of 3 exp.) Temperaturé Wa§ measured
manually in all tanks ahead of the experiments (mlnor distur-
bances).

i SR N T



METABOLIC RATE - ml. 02/1 'hr.
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Fig.3a) Diurnal variation in _metabolic rate of fed and starved Atlantic
salmon at 8.7+ 0.4 C. Groups of 10 salmons have been tested
together in closed tanks with intervals of 4 hr. between each
experiment. o—o Fed 14.3¢g (2.8% ration) average size 26.6cm,
182, 6¢g, swimming velocity 20.9 cm/sec. (0.79 L/sec.).

o—o starved 5 days, average size 25.8cm, 172.8¢g. Photoperiod
12 hr. dark (1600 - 0400). ‘

3b) Diurnal variation in metabolic rate of 14 Atlantic salmons (average:
25.1cm, 151,4¢g) at 8.3°C with a swimming velocity of 26 cm, sec.
(1,04 L/sec.). Respiration was measured in an open tank.
(continuous flow) by means of water samples and YSI-57 oxygen
electrode. A Respiration measured in a closed tank.
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Fig.4a, Elevation in oxygen consumption of Atlantic salmon (average
33.8-35.3 cm, 422 -475 g) after feeding, measured in a closed
tanlg. (15 different experiments), Average temperature 8.2 -
9.7°C. Swimming velocity 20.6-25.8 cm/sec. Average con-
sumption of feed the last 30 hr.: 19.2 g. (range: 9.2-29.1 g).
* Experimental temperature 10. 51_LO.30C.

Fig.4b, Oxygen consumption of Atlantic salmon in relation to ration

size 18 -24 hr. after intake of food. (Conditions similar to .a).
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Fig.5 Relation of growth rate of Atlantic salmon to ration at four

swimming velocities. a) tank 2: 23.4 cm/sec, b) tank 3:

. 15,0 cm/sec. c¢) tank 4 and 6: 10.8 and 11.3 cm/sec.
d) tank 5: 6.1 cm/sec. Average temperatur 8.5 + 0.5°C.
Salinity 34.8%. Experimental period 71 days (Jan, - March-76),
Further informations in table.
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