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SO]\4E NOTE,S ON THE ENERGY METABOLISM OF GADUS

CALLARIAS AND GADUS VIRENS IN RELATION TO BODY SIZE

Mahhargo Suprapto *)

R I N G K , , { S , 4 N

Pc,rclit iqn i,rng c/i laIu[cn mcn{]enai [onsumsi r,[slgen Pado Gorfu

c,rl l,,rrrrs r/rrn Grr,/ris uircns nrctnp,'rl i lrolf,,ru otlonio stroltt hulnnglan anlola

Irr^h;rg tul,rlJ,, n ni".,,,,,,,n i,rnl , l i lnrluhl<an unlrr[ menl;hpoi suolu

linlylrrlrrn rutrmr,l tlrrri yttla ncloltolis,tc, sosu,lul. ,l4rirrrluhhan herltlnm

ttclutrium loin. (l ig. : 1, Z, I & 4) ,

Konsrrmsi ol. iqcn ,lrr/cnr L,,n,/isi norrn,rl memperlihtlhon or/onio sunlu

rc,plssi /rrlrrr iutg l ialus rrnloro It 'r lrtrr rtn' io[tel iang tl ipoIoi. W,'l ruplrn

l , 'n i l t ian ,  l r , ' / / i s rcn  ponen lu . ,n  l i r / r t f  m, ,n r t l t rp  [ " t t , , ,ng l inn t  o r lc r r l r t  per -

1,",1,,a,, ,1,,1,,,,r fon.,um.^i c,(. i1ic,t 1,, 'rf,,n,,n. ,/,,,,.r,tn I,crtrl rrnlorc i l 'cn Icli i l

r / r r t t  I r , sor .

A R S T R / T C T

7 ' l rc  1 r r .s . r r l  r1  ( r I  o r  i [ , '  r , r1 ,11 , 'n  . . r rsu l rp l ron  in  G, , , / t , s  .n l lnncs  on , I

(lrr,ftrs r., ircn.- s/rorirs l/rol l/r lro is^ rr cont)ct' l ion frelw,cen the body size- - _ - - '
, r , r ' l  l l , , , , , , , l , , , t , , l i r t t  l i n tc  rcq t i r ' r , J  l , r r  rLLr : l in11  r r  "nonn, r l "  laur , l  o l  n te tubo l i sm

olltr L"ing1 lrunrltrr,J Io omtllrcr orlLurriunt (l ig. : 1 , 2, 3 E 4) .

' f1 , , ,  
, , r tq , ' r  .  r ) l l s r ! r , i / ) l i r )n  r r r r r l . r  s i r r r r r l r r r r l  t rnu l l io t r  s Io r l , s  l Io l  l l i c rc

is , r  r ' I c r r r  / i r r r r r r  r l l j r css ion  L , , l r r r ' , , r r  l I c  r r r , .o  u r r r i c l / c  r r " -c r / .

IIrrcr:rt 'r, t lrc signil icortt t:o.l l icit,rrt r/r,cs not exclulc lha posslirrl i ty

, ,1  , ,  J t l l " r tn ,  r t  i i l  oxyL t t t t  cor rs r r r r rp l io r r  i ru  rc l  r l io ru  lo  t l rc  u ,e ig l / '  be lu :een

.,,t,,11 i i./r rrn,l Liggor orrc-s.

I n t r o d u c t i o n

' l 'hc 
cttcrey I l tct i t l )ol islr l  in f ish has bccn rvol 'ke(l  out for l l lany sl)ecies.

l , t i lNl i l t  (193{}) arxl I iLACK (1951) havc givcn goo(l rcvicws of the
l i tcraturc.

f ' l t t :rc sccttts to bc no intt 'st igations ()n t l lc encrgy nlctabol isnl of ( iadus
callarias or (,iadus virens a[trrr t]rc l:rn al stase. Sorrrc physiologir:al data
Ital'c bccr-t gathcrccl on tlrcsc trvo spcr:ics an(l tlrc llrcscnt l)apcr consiclers
sornc rcsults frorn thc rcscar'clr cxl)crirnorrts.

l\laterial and methods

T'hc fish rvhich rvr:r'e usc(l irl thc cxperirrrcnts \{'cre all caught off the
\\'cst coast of Norway. 

'I'hc 
size ranse 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 goocl experirncntal zrnirnal. Adapta-
tion to the expcrimental conclition is goocl, niakine the fish easy to rvork
with.

All fish \r.ere starved 3 to 4 cla,vs bcfore they rvcrc placecl in the
experimental aquarium (1.00 X 0.50 X 0.45 nr.).  Thc expcl irncntal pcriocl
lasterl  up to 10 days.

After the expcriments thc f ish u,cre transfered to larqe storage aquaria.

Their survival,  food intakc and hchaviour in t lre fol lorvinq rvccks werc
used as an indication that conrl i t ions harl bcen normal <lrrr ing the rneasurc-
ments of the enerey rnetabolism. l)ata frorn f ish which secrnccl to have
been under abnornral condit ions wcrc orrr i t tccl.

Winkler 's rne thocl,  rvi th thc rrrorl i f  icat ion introdtrcc<l by KROGII
( 1935 ), rvas used in estirnatine thc oryeen consurnerl.  Thc resPirat ion
of the seau,atcr lvAs mcasurc<I, l -rut thc valuc stayc<l insidt.  the crror l i rnit
of the attalvscs. 

' I 'hc 
or1,tt 'n ( onsur)r l) t i r) l)  of thc f ish u,as rneasurcrl  i rr

closed aquaria.

Energl' metabolisnr under stanclard conditions

The terrn "basa.l  metabolisrn" is userl in rncrl icinc, but i t  is irnpossible
to keep a f ish in basal r:onrl i t ions accort l inq to such a r le[ ini t ion. Irr rnost
works about [ ish thc t 'xtcrnal t lata l tavt ' l ; r ' r ' rr  stanrlar<l izc<I, ]rrrt  thc rncasrrrt ' r l
metabolic rate has not always bccrr :r  st: tr t<la.xl rnctabol isrrr.  Thc pl 'rysiolo-
g ica l  cor r r l i t io r rs  o f  thc  f i sh  a rc  \ ' ( . rv  i r r rpor tan t .  

' I ' l r r . r , r r r ' rqv  
rn< ' tabo l i s r r r

o f  f i sh  r rn r lc l  s tan t la l r l  conr l i t io l rs  1111y  l rc  r l t ' f i nc r l  as  a  s tc l t l v  cn( ' fqy  r r r t : tabo l i t '
ra te  ( ins ic lc  the  b io log ica l  var ia t io r r )  ov t ' r  long  t i rnc  in tc l la ls .  w l r i ch  can he
defined as a norrn:r l  ratt '  by t lrc t 'hcrrr ical antl  physical chalar:tcr ist ics of thr:
environrnent.

-fhe 
experin-rental condit iolrs w('rc far <l i f fcrcnt from norrnal conrl i t ions

and therefort:  was r. 'ery high just aftcr transfcr to the expcrirrrent:r l
aquariurn.

WINTERSTEIN (1908)  r r rcn t ioncr l  th is  fac t .  u 'h i< .h  l r r .  <ons i< le rc r l
himself able to shorv by expcrirncnts.

Gadus cal larias and Gadus virens ha'u'c a sir lrr i f i t 'ant lv increasctl  encrgv
metabo l isnr  a f t t : r  bc i r rq  t ra r rs fc rcc l  to  t l rc  cxPcr in rcn ta l  a r l r ra r i r r r r r  ( f ig .  :  1 ,2 ,3
a n d  4 ) .

I t  scems that thc ar:clamation t irrrc is dif fr :rurnt for srnal l  ancl largc
Gadus callarias. 

-l'hc 
sarne was foun(l on Gadus callarias r,vhich r,vere

investisatr:cl in cliflercnt aclr-r:rria. This is '"'a.litl for Gadus virens :rs rvcll
( f i s . : 3 a n < l  4 ) .

' l 'he 
dif fcrcncc in thc accl irnation t irne bctrvccn large and snral l  syrec-

imens rnav have a connection rvith bocly sizc in relat ion to the volurne
of the experimental aquarium. Hou't- ' r 'cr,  rr)casurerncnts on srrral l  sl)ccimcns
in a srnal l  aquarium do not confirn this.

T'heir accl irnation t inrc is as short as i t  would be in a large aquarium.
It is not possible to give a scneral acclirnation time for Gadus callarias
and Gadus virens in the same way as KEYS (1930a) and WELLS (1932)
have done for Fundulus parvipinnis,
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1VELLS (1932) l\ 'r i tes: "Incleccl I should expect that with very

a( tivt), ,,".,'n,t, Iisltes scveral clal's rvoulcl bc rcquiretl for thern to reach a

norrrral lt:r 'cl of ructabolisttr, rviri le on tl ic other hand, quiet, sedentary

fishcs rrray clo so irt a fcn' ltoul's".
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I'he results in this Prcscnt paper shou' that thc accl irnation t irne is
not sPecie s specific. T'hc phenorncnon in rnore comPlicatecl ancl con-
tributing factors rnust be sought in cach singlc indii'idual and anrcnq the:
c: l tcrnal st iniul i .

Thc hieh oxygcn consuurl;tiou in Gadus callarias ancl Gadus virens
just aftcr beinq transfercd to another aguariurn is knorvn. SUNI)NES
(1956) outl incs the situation v'hen thcsc sl.rccics are transl)olt t 'c l  al ivc in
l'ell boats.

Iinergy nretabolisrn in relation to trodv size

()xl,gclt  cort: i r tnt l- l t iott  in lclat ion to bocl,v sizc has long bccn r l ist 'ussccl.
()nc oI t trc cl i f f i r :u]t ics is the r.rnit  oI borly sizc, bt:c;ruse this is irrrportant
i r r  t l r c  < 'o r r rPn l i sor r  o f  < l i i ' l ' t ' r cn t  an i rua l : i .  Z l i l ' 1 ' I IEN (19171 f in< ls  tha t
N3-c :on tcn t  anr l  bor iy  u r : i r1h t  s ivc  gooc l  coru l te le t i vc  u r r i t s .

' l ' l i r : rc  
i s  l i t t l t :  o l  th is  uork .  CIR( )NI I I I IN , I  (19 i1 )  u . r ' i t c : ;  tha t  h t ' l ' i nc ls

f r 'onr  t l i< r  cxpur i ru i 'n ts  o f  KNAL- - '1 ' ] I I ' l  (1898)  t l ra t  thc  oxygcn t 'onsur r r l i t io r r
in  ( l ypr i r r r rs  s1 ; .  i s  p ropo l t ionrL l  to  thc  s t r r fa< ' r 'o i  t l r c  bor l r , .  L iN I ) : i ' i ' l i 1  ) ' l '
(  I  9l  . t  )  r t 'achcs thc sarrrc rcsults olr 

' t r ' inca 
vulgaris.

P t 'N ' l '  &  .J ( )N( l l lL ( ) l i l l  (1946)  c r r rph ls izc  t lu r t  th r '  ( ) r i , " /1 t ( ' r )  ( 'on-
t i l . l r l r t ) t ion  i r r  f  i sh  i : ;  Pro l ;o l t ion : r l  to  thc  boc ly  sur [ : l ( 'o .  K l , l \ -S  (  1930 a  )  .
\ - l S \ \ r A l i A ' i ' l l A N  & ' l ' A N , I l ' I  ( 1 9 r 2 )  a n c l  W E I T L S  ( 1 9 3 5 )  h : n ' e  n r a c l c
i l tvlst iglrt iolrs orr I islr  in rr: lat iorr to bocly u'ciq'ht for altrrost the'rvhole size
lnrrr l t :  oI t l rc slrr:<' ics.

' fhr: 
concl i t ions i t i  t l r is plt : :crrt  rvol l i  havc bccn st: . l rrclalr l iztr l .  ' l -he

rcsu l ts  a rc  p lo t te r l  ( f i t1 . :  5 ) .

KIIYS (193t1 b) has for.rnrl  :r  thrcc phasc cr-rn'c for Fundulus ptarvipinnis.
t i l IASSIiN (19ir2) has lorrncl t i rc s;rrrre fol Artenria sal ina antl  ZI i t l lFII IN
(1917 ) thc sanrr: for Nlyt i lus edul is.

l r t  r r "  la ic r  r lo l r l  ZFIL , ' I ' l l I ' lN  (1953)  b t ' l i t : r ' cs  h r :  [ i r r r l s  th t '  s r r r r t .  ph t :nor r r -
t ' t tott  i t t  othcl groulrs o[ thc anirnal kingrlcirn fronr thc rcsults o[ ot lr t :r
: r r r t l r o l s  : r n t l  l r i s  o n  r r  c x p t r  i r ; r t ' n t s .

S t a t i s t i c s

\Vlrcr-r thc valucs originel lv founcl in thc I)r ' ()s( 'nt inr. erst iplat ion arc
tt :rnsfcrccl to a lor4al i thrnit :  scalt : .  thcre sccrns to ber zr clcar l inc:rr lcgrcssion
bctr ' ,  ccn thc r ' ,  t ' ight of t l rr :  f is lr  anrl  thc o;<t 'gor t  onsui lrPtion. 

' j ' l ic 
corr i ' -

lat ion cocff icicnt u'as ftrurrcl to bc 0,99 lol thc u.holc nratcl i :r l  (<a 30 i ish
sec  Appcnc l i r ) .

f 'his sienif ir :ant t 'ocf l i t : icnt clocs not cxchr(lc thc po:;sibi l i t .r  of a cl i l ' Icr '-
t ' i tcr:  i rr  oxvg-cI l  consurnption irr rclat ion to t l ic t leight bctuccn snrul l  f ish
anrl thc bigeer ones.

' I ' l rr  
paralrctcr founrl,  can not pror,e t irat the oxygen consumption

incrcast:s in l int:ar l)roirolt i ( in to irr lr-r 'asi lrq u'cight. . : \s a hylrothcsis; the
11 srl :r l lcst f ish u. 'crc tcstccl as onc srouP anrl the 1!) bicscst f ish as anothcr
!1'oup. Thc corrcl:r t ion coeff ir : icnt founcl lvere 0.97 ancl 0.94 respectivcly.

- l 'cst ing 
t lrrcc cl i f fcrcnt corle1:rt ion coc[I icients aqainst crrt lr  othcr ] l rs

not bccn ( lonc, as no sinrple cri terion is knorvn Cn accorrnt of thc small
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L O G  B O D Y  W E I G H T  I N  G R A M

Fig. 5. Energy metabolism of Gaclus callarias and Gadus virens
in relation to body weight (both species lumpel toge-
ther) .

REGRESSION L IT . IE  FOR THE V 'HOLE MATERIAL.

R E G R .  L I N E  F O R  T H E  D t I  - G R O U P ' '

R E G R .  L I N E  F O R  T H E  "  I 9  -  6 P 9 g P  T r

amount of matcrial no further statistical mcthods havc bccn involvecl and
it r,r'ould in any casc havc bcen cliflicult to get significant ans!\rcrs to the
problems.

The rcgression lines for the thrcc rnottionecl grouPs have. hou'ever,
been calculatecl and as wil l be seen from the cliacram thele is a slight
difference betrvccn the rise of the 1l sroup and the 19 grouP. This might
imply that the oxygcn consumption by increasinc rvcisht 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 srarns.
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