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SOME NOTES ON THE ENERGY METABOLISM OF GADUS
CALLARIAS AND GADUS VIRENS IN RELATION TO BODY SIZE

Mahhargo Suprapto *)

RINGKASAN

Penelitian jang dilakukan  mengenai  konsumsi oksigen pada  Gadus

callorias dan Guadus virens memperihatkan adanja suatu hubungan antara

panrl/Tn;g tubuh dan penjesuaian jang dibutuhkan untuk mentfapai sualu
!inql\'utnn normal  dari pu(la metabolisme,  sesudah (lipindah’ean kedalam
aquarium lain, (fig. : 1,2, 3 & 4).

Konsumsi u/ccigun dalam kondisi normal m(’mporli’mlknn mlanja suntu
reqrossi lincar jang (]jvlus antara kedua variabel jang a’ipal‘ai. Wulnupun
demikian, Il()(']/iﬁlt’n penentuan tidak menutup l\'mnungleinan mlnnia per-
bedaan dalam konsumsi ()Lsigcn berkenaan (lungan berat antara iban Letiil

rlrm 1)(‘5(”‘.
ABSTRACT

The present work on the oxygen consumption in Gadus callarias and

Gadus virens shows that there is a connection between the l)ocly size

and the acelimation time rvquirurl /ur r('uching a "normal” level of metabolism

after [wing lrrms/vrml to another aquarium (/ig.: 1,2 3& 4).

The oxyigen  consumption under standard condition shows that there

is o clear linear regression betueen the two variable used.

However, the significaut (:ouffi(:iunt does not exclude the possihilily
of a ([z[f«vrmu'u in oxygen cousumplion in relation 1o the weight between

small _1'1.\‘/1 and I)igger ones,

Introduction

The energy mietabolisin in fish has been worked out for many species.
LEINER (1938) and BLACK (1951) have given good reviews of the
literature.

There scems to be no investigations on the energy metabolism of Gadus
callarias or Gadus virens after the larval stage. Some physiological data

have been gathered on these two species and the present paper considers
some results from the rescarch experiments.

Material and methods

The fish which were used in the experiments were all caught off the
west coast of Norway., The size range was from 2.8 — 1750 grams.
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The epidermis of Gadus virens is easily damaged and lethal infections
follow. Gadus callarias, however is a good experimental animal. Adapta-
tion to the experimental condition is good, making the fish easy to work
with,

All fish were starved 3 to 4 days before they were placed in the
experimental aquarium (1.00 X 0.50 X 0.45 m.). The experimental period
lasted up to 10 days.

After the experiments the fish were transfered to large storage aquaria.

Their survival, food intake and bchaviour in the following wecks were
used as an indication that conditions had been normal during the measure-
ments of the energy metabolism. Data from fish which seemed to have
been under abnormal conditions were omitted.

Winkler’s method, with the modification introduced by KROGH
(1935), was used in estimating the oxygen consumed. The respiration
of the seawater was measurcd, but the value stayed inside the crror limit
of the analyses. The oxygen consumption of the (ish was measured in
closed aquaria.

Energy metabolism under standard conditions

The term “basal metabolism” is used in medicine, but it is impossible
to keep a fish in basal conditions according to such a definition. In most
works about fish the external data have been standardized, but the measured
metabolic rate has not always been a standard metabolisin.  The physiolo-
gical conditions of the fish are very important.  The energy metabolisin
of fish under standard conditions may be defined as a steady energy metabolic
rate (inside the biological variation) over long time intervals, which can he
defined as a normal rate by the chemical and physical characteristics of the
environment.

The experimental conditions were far different from normal conditions
and therefore was very high just after transfer to the experimental
aquarium.

WINTERSTEIN (1908) menttoned this fact, which he considered
himself able to show by expcriments.

Gadus callarias and Gadus virens have a significantly increased energy
metabolism after being transfered to the experimental aguarimn (fig. © 1,23
and 4).

It secems that the acclamation time is different for small and large
Gadus callarias. The same was found on Gadus callarias which were
investigated in different aquaria. This is valid for Gadus virens as well
(fig. : 3 and 4).

The difference in the acclimation time between large and small spec-
imens may have a connection with body size in relation to the veolwne
of the experimental aquarium. However, measurements on small specimens
in a small aquarium do not confirm this.

Their acclimation time is as short as it would be in a large aquarium.
It is not possible to give a general acclimation time for Gadus callarias
and Gadus virens in the same way as KEYS (1930a) and WELLS (1932)
have done for Fundulus parvipinnis,



WELLS (1932)

writes :
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“Indecd T should expect that with very

active, nervous fishes several days would be required for them to reach a
normal level of metabolisin, while on the other hand,
fishes may do so in a few hours™.
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The results in this present paper show that the acclimation time is
not species specific. The phenomenon in more complicated and con-
tributing factors must be sought in cach single individual and among the
external  stimuli. ‘

The high oxygen consumption in Gadus callarias and Gadus virens
just after being transfered to another aquarium is known. SUNDNES
(1956) outlines the situation when these species are transported alive in
well boats.

Energy metabolism in relation to body size

Oxygen consumption in relation to body size has long been discussed.
One of the difficultics is the unit of body size, because this is hnportant
i the comparison of different anhuals. ZEUTIIEN (1947) finds that
Nu-content and body weight give good comparative units.

There is little of this work. CRONHEIM (1911) writes that he finds
from the experiments of KNAUTHIE (1898) that the oxygen consuimption
in Cyprinus sp. is proportional to the surface of the bodv. LINDSTEDT
(1914) reaches the same results on Tinca vulgaris.

PUNT & JONGBLOED (1946) cmphasize that the oxygen con-
sumption - {ish is proportional to the body surfoce. KEYS (1930 a).
VISWANATHAN & TAMPI (1952) and WEELS (1935) have made
investigations on lish in relation to body weight for almost the whole size
range of the species.

The conditions in this present work have been standardized.  The
results are plotted {(fig. : 5).

KEYS (1930 b) has found a three phase curve for Fundulus parvipinnis.
ELTASSEN (1952) has found the same for Artemia salina and ZEUTHEN
(1947) the same for Mytilus edulis.

In a later word ZEUTIIEN (1933) believes he finds the same phenom-
enon in other groups of the animal kingdomn [rom the results of other
authors and his own experiments.

Statistics

When the values originally found in the present investigation are
transfered to a logarithmic scale, there seems to be a clear lincar regression
between the weight of the fish and the oxygen conswuption. The corre-
lation cocfficient was found to be 0,99 for the whole material (ca 20 lish -
see Appendix).

This significant coeflicient does not exclude the possibility of a differ-
ence in oxygen consumption in relation to the weight between small fish
and the bigger ones.

The parameter found, can not prove that the oxygen consumption
increases in linear proporticn to increasing weight.  As a hypothesis the
11 smallest fish were tested as one group and the 19 biggest fish as another
group. The correlation coefficient found were 0.97 and 0.94 respectively.

Testing three different correlation coellicients against each other has
not been done, as no simple criterion is known  On acconnt of the small
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Fig. 5. Energy metabolism of Gadus callarias and Gadus virens

in relation to body weight (both species lumpel toge-
ther).
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amount of material no further statistical methods have been involved and
it would in any casc have been difficult to get significant answers to the
problems.

The regression lines for the three mentioned groups have. however,
been calculated and as will be seen from the diagram there is a slight
difference between the rise of the 11 group and the 19 group. This might
imply that the oxygen consumption by increasing weight does not increase
to the same extent among big fish as among small ones.
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Appendix : Body weight of Gadus callarias and Gadus virens in grams,

No., Weight in No, Weight in
grams grams

1. 1750 16. 1145

2. 280 17. 475

3. 1650 18. 1350

4. 1550 19. 1070

5. 290 20. 1020

6. 1450 21. 230

1. 1250 22, 1170

8. 950 23. 1065

9. 1030 24. 285
10. 295 25. 1150
11. 560 26. 1380
12. 850 217. 285
13. 1050 28. 1465
14. 875 29. 450
15. 540 30. 1650




