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ENERGY COSTS AT DlmlR.EHT LEVELS OF FEEDING' '.

nl JU~ILE COD

..I,

ABSTRACT
., .. J :' '. '.

As part of a wider study 01' the enorgy budget of i'ree-living juvenile
cod, wo have used an open system'rcspiromcter to dotermine the costs of
food utilisation for captive fi6h at differ·eri.t levels of feeding~

Prior to the stUd~, fish ware acclimated to the. experimental' temporatures
(7, 10, 15 and 18 C), kept undornaturnl light conditions, and fed'inside
thc respirometer. Durine the experiment, fish were fed on a special
formulated diet of similar composition to theirnat~al diet, at different
levels and their oxyeen conuumption monitored for a 11-~5 'day period"

After feedine, the r.ate of oxygen consumption increased to.well above
thc pre-feeding level, unually 8-12 hours aftor fcedine, and thereafter
doclined eradually. The maximum increaso in rato 01' oxygen consuinption
,JaS observod usually at thc end of the feedine period (8th day). . ..

•
'Ibo enerc:;y expenditure aa measured by oxygen consumption \'JaS highly
dcpcndent upon ration size. For fi~l fed to satiation, the energy expendi
turc was 12.9, 11~.92, 16.14 and 21.47% of the ingested enerej at 7°, 10°,
150 and 180 respcctively.

, ,
RESUME

Comme'contribution a une 6tude plus 6tendue du budget d'~nergie des
morues juv6niles vivant en libert~, nous avons employ6 un compteur de
respiration ä systeme ouvert pour 'd6terminer La consommation d'~nergie

de l'utilisation de la nourriture pour des poissons en capt1vit6 ä des
niveaux diff6rents d'alimentation.

Avnnt l'~tude les poisBons ont ~t6 acclimat6a aux temp6ratures des
exp6riences (7, 10, 15 et 18°C); .. on les a gard6s clans 'des conditions
d'6clairage naturel et fls ont ~t6 aliment6s a l'int6rieur du compteur'
de respiration. Pendant l'exp6rience on a aliment6 les poissons selon
un r~gime sp6cial qui serait semblable d leur r6gime naturel ä des
niveaux divers, et on a 6urveil16 de consommation d'oxyg~ne pour une
p~riode de 13 ä 15 jours.

" •• ~. I
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Apres l'n1imentation, 1e taux de 1a' consommation d'oxyg~ne s'eat augment6
a un niveau bien p1ua 6lev6 qu'avant en g6n6rale de10 ä 15heures apr~s

l'a1irnentation et apr~s eela, il est tomb6 par degr6s. 'L'augmentat~on
'maximum du taux de'la consommntion d'oxyg~ne a 6t6 observ6e en g6n6rale
ä la fin de la p6riode d'alimentation (8 i~Qe jour).

La d6pense d'6nergie ~e1on La conso~nation d'oxyg6ne a 6t6 d6termin6e
en grande partie par les quantit6s d'alimentation. Dans 1e cas des ,
poissons aliment6s jusqu' a eati6t6, la d6Psnse g'6nergbe 6tait 12~9, 14.92"
16.14 et 21.47% de l'6nergie in6r6e d7~ 10 , 15 et 18 C respeetivement.

IUTRODUCTIon

Aß part of a study of the physioloGieal energetics of f'rce-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 metabolie eoata of food proeesainc by the fiah •

It is now clear that inEestion of food by animals results in an inerease in
their rate of oxygen consumption und ia accompanied bY'heat'production. The
increased energy expenditure associated with fecding can be attributed to:

, ..", :'. ..,

1. Exeited fcediug behaviour, with inereaaed locomotor and other activities.
2. The maatication and dieeation,of food tuken into the gut.
3. 'l'he bioehemieal tranaformation of thc abaorbed food material, formerly

termed tbc Bp~cifie Dynamie Aetion (BOA). Th~ component ~speeial~y'

involved protein metabolian, but also includen the release of energy
aecompanying lipid and carbohydratc metauolism. .

Wherc thc diatinction is not made betwcen the various above mentioned faetors,
the term "apparent SDA" has been applied to the whole inerease in'metabolie
rate aasociated \lith feeding (Beamish, 197't). '

Little eomparative information is available on the actual energy cost of
food utilisation of apparent SDA for different apecies. Notable exceptiona
are thc measurements made by Brody (1945) on cattle; Muir and Niimi (1972)
on 0. fish~ the aholeholo, Kullia sandvieensio; . the Werk of Beamish (1974)
on largemouth basa, Hicropterus salmoides; und Brctt' and Znl8.(1975) on
sockeye salmon, Oncorhynchus nerka.

\lJarren and ~vis (1967) eoneluded th.o.t the encrgy freed and loe~ through. '
. pro tein catabolism (whieh they ~pposed ~s tha princi~ part 'of'&pecif~c
dynnmic action) und other digcstive procesoeß ronged fram 5 to.!~%'of ~he

inaestcd food energy for fioh. Pieree and WissinG (1974), recorded the
enerEY eost of food utiliaation aa. beine; between 4.8 to 24.4% cf the
ca10ric content of the daily food intako in the bluegill, Lepornis macrochL.-us.
Recently, Vahl and Davcnport (1979) reported an SDA cost of 10% of.tho ,
incested energy in thc blenny, Blennius phoiis. Thus, it, secms tllat tne
energy expended during the ingestion, digeatioll, absorption and sosimilation
of food material rnay comprise a significant part of total resPiration. '. . ...... ' ,..

In the preoentotudy wo have invostigated the ~nerßy egst. oi ~90d utili~tion
in juvenile cod at four different temperatures '(70 ; 10 , 15°'and 18°C):by,"
monitorinc tbc ox:/Con consumption of fisll under different feeding regimes. :
We have enlculated thc contribution of the ener~ expendcd in food utilisation
tc'thc total energy budget of cod at several levels of feeding.
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Prelir:iinary,prepriration

w ... • ~. .'. ..... • • • .~ r~ ._..... ~'..l ~ "i.>:~'!
Cod "were cauc;ht· WJ.th hand,lJ.nes· J.n· Loch TorrJ.don, 0. liea loch on the west, ,coaat

.' of ScotllWi... They••.werc ,then tr.a.nD,P()1..ted:to~_ tpe. Mnx:irl~.,J,Q.b:.Qrat9J::l.t_APe..z:.deeL.:.•. ,
ond were kept in l?-I"ge rectanl)Ular tanks, (6" x 4" x 3" deep)•. Prior to
thc eXperiznent" fish were acclimated-to the·.appropr'iate"experim~taltempere..;
tures (70

, 100
, 150 and 18°c) by daily changes oi', one 'del9:ee,)~~.then held

a~ these t:m~erB:tu:es f~r.~! lea~~.4 w:el{s~ iih~~fia!1_lf~~!t:'~p~ under sub~ued '
,lJ.ght. contU.hons, WJ,th A~u.m. .J.ntcnsJ.U ..o.L 1Q:..::~1•.Gr • __IIL._.~t. tbe S\U:fl\C1l.'- _
This intensity was chosen to a.pp~ximate the liGht intensity dUrilig summer '
daytme at a. depth "0 i' 10 metres in· Loch 'l'orridon. -; " ~: .~ :.:.':". '::

" ' W." ~ • O'.
A multichannel· dfssolved oxygen meter 'allowed live individuäi-e~i?erimentB

, to .b~. ~rU.1'L~iJn~l.tMeouB.J..Y.~t eaqh. t.~mp'era1;u~e~,_.Th(ls.e '"tive ,f.iish.,w~~«Lte.(La..t " •.__ , .
, different levels, keeping e~ch in ,0., sepEÜ'a.~e open ciicu:i:t re6!,li.rc?meter•

...... ':" '" ..: • • _••,. O'..:. • .'l

The reSpuoineter '. '. ,:: ';: :;-;
'.. 'O', • ; lW t. : ,~o,·" :: ,0. ,. -:.'0 O',' ,_c."

Hetqboliq .r~tea )'/ere .determined_:i,n open circui. t respirometflTe•..•• ;rJ1e. indiv:iAJ,l~_ '
respirometers were. simply made from perspex cake containers (23 x,23 x 11 cm )
with·a.ii outflo....' and inflow buUt in (Figure'1). N hole;:.50 ~mm' diameter, •
was dI-illCd in the top of the container to allow feeding dliring the experirDent.
Tbe aperture was rescaled after each meal. Tbe respirometera~uere connected

_.. :~o _a..co~on.~erated 6ea\oJater,supply !J:::on a heade:t:.:t;~k ',ät ~a, .he:i,g1l; .oi. .1.•5Jl.~tr.e.s~
Tc keep the temperature constant the respirometers were placed in a common
....nter bath. " : ...... : .... .: .. ' :' . ".... , .. ,: ,,,; ..~ ...: ..... . " ~':.:

..

. .., '":.~' "'; . I.: :' • '#10 i. ...•..
Tbe rate of flow through each respir~meter was adjuste1 so that the metabolism
of the fish did not reduce the ambient oxygen level 'oelow 75 .;;. 80% of the o.ir
saturation level~ 'Tbe' ,rate of flow was maintained constant Iby-"the ~adjtistment;:
of twO valveson the outflow' of:eäch resp~meter•.. ' "::'''.' : ~,,; ..::: : ....:;. "';' ':.~,

l .• w. . ',. . .. .: ::. .. : . '.:' .' ..: :..~ :"!... .. ! " ..

Tbc oxygen" concentration of the innöwintfwater Was meäBlired 'in the"hcadei':" .~
tank, and maintained at air saturation ,level~·· Tbe· oxygen concentrEitioti a.t ~. '~

the outflO\-1 \.us oeasured for each respirometcr by a polarographic ·o::~geIi· ~.:'.
electrede (OrbisPhere;"model 2104, 'comiected to Orbisphere;' müitichBnnel,:oxYgen
meter, model 2710). The output from each electrode was 'recoi'ded "on Ei "tUita " ,,:
lOC5ger (Solartron, t~..pe 343(00) giving print-outG at hali' hoUr intervals.

: ...O" ... . O'- O'. . ' .- •••• • .O'.. ;:" ,'. • . .•.• .' . O'" :' t: '..;...... ._" 10.. : -.:0:;:. v:"

At each tcinperature, a control respirol'lleter without ,8. fisll Was' uBed"·tö:- see' ':
if thcre''l.ias any decrcase'in oXYCim 'level duä to diffusion of' oxycen"frcim' ':" ~
the rubber tUbingrind other fittings, or'resultin3 from'the gro~rth'o·i"aJ.ga.e·:·"
or bacteria in the reSpiromete~. ";" .'. . .,.'. '.: ,': '.: , :':',:~ .!:':, >:

" ... "':'...; '.' ... ..' -:- !-:.':-O'
. .... ...... ,":' ~Feedins . ' .

O" • ".,: f' _ ..... ":~.•",' ...

I khr Durine the experiments fish were fed on 0. q,eciall:r :f:ormuiated diet made up.
"".~~. V'in pellet fonn. '. ~e ·different ratio.n levels" wer~ ..ma~ched ~~ 'o.,'Si~en :perc~~~:-
(/(}v age of ,~et body 'WcJ.ght, meamu-ed' o.t the start of· each experlment.· Five' :. ~
tY!' r/u. foeding levela ..../ere chosen as tabulated in Table 1" and were ·termed··ltstarvedlt,

[, "below maintenance", ''maintenance tf , flabove maintenance", and tlsatiation".
: • •••• • • • ;.. .. : ~. O' .... '~ oll ...... ,'. '..' .....: ~., ,~. ''- • ~ O'_

....::O' ... O". : ~. 1

".
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Fish Numbers " '

1 2 3 ... '...4 :; .·.·5
Experinlent below maint.· above satiation. starvedllumber ~.~,' , .. ..

~maint. . maint.
.' . . ...

. . ..... . . : .,
.. ' ~1 Fish.wei:ght (g) 82~90 36.6 61.41 ' 60.85 ,59.0, '

. R8.~ion as ~ wet
..

I '
' "

.- •
'. y.

bo~ vei'ght ' 1.03 1.37 1.94· .~ ... 3~67 0.0.. , -
'.

2 Fish weight (g) 41.2', 45.6 50.0' .'42.4 61.3' . .-

Ration as %wet.. ::"" : .. body weight 1.53 1.75 1. '19'. 3.73 0.0 .
'.,:,

~ .; , ;.. ~ . .... .. . .
5112

..
,3 Fiah weight (g) 20.3 46.2 54.3 39.4 -• Ration as %wet '

. ~.':\
.'...

body,weight 2.03 3.0 3.4~ 5.14 0.0

4 Fish.weig~t (g) 74.3 60.0 40.6 61.0'· . 56.1
.....:' t· .. Rat:l6n as %wet ., " ,

"
.

'~o'dy~ \>reight '1.35 2.6 3.64· 5.21' 0.0
..

'.
(g)

. ,

TABLE 1 Fish wei{;ht and food intal~e (% wet body weight) for each
!iah at each experimental temperature.

, ' ;. "

.
"

,
I

I
1

i
i

"

Th~ chosen'levels were·calculated f~om the unpublished results of a growth
e:::perirnent where the growth rates of cod were studied in relation :to;ration
size. The growth rate (gJ'day) \oIaS plotted against !ood intake and the
int~rcep~,of ·thc· reE,Tession line on f<-od ~s was ta1c~n as the ,maintenauce
ration ~equired by the fish. Other appropriate levels of feeding'were also
determined from this regression line.~ .Fbr the fish fed to satiation.an. ,

.unlimited quant~ty of.food was offered at each feeding until the animal· ' ..
refused to take· any more. . , , ,

.. ". " . .. . ,......
Tne cOr.lponents of the diet were similar to those' malcing' up. the natural diet
of the juvenile cod in the \li.ld at loch Torridon and consisted of crustaceans,
polychaetes, molluscs and fish. Theproportions ofeach different food item
~ere determined by tnkirig the percentaBe of the food items found in the
stomachs of \li.ld fish' and \ieighting these by an e>..-perimentally determined
digestion coefficient for each item. Tbe materials ~erc mixed together with
a binder, maceratcd, free~e-dried, converted ~1to moist pellets and kept .
in a deep free~e until presented to,the fish. "

, .
The caloric content of the diet was determincd \dth a Phillipson microbomb .
calori:neter(Phillipson,.1964). Tbo value \-ras 5.61 Kcals/g or·23.49 x;r/g .
a~~·free dry weight. •

. ,

Biochccical analyscs sho~:ed that protein and lipid \-Tere the main components
of thc dicta

4
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• Fish were fed evcry t~~ dayo on n prc-weichcd quantity of pelleta, and the
feeding period ll).oted 8. da~s in eileh cxPerimcn~~ Tc .feed ,the, :fiSh, . the Iod.. ..
or thc re~piroL1eter ,.'<l0 ?p(med a.nd.fo~d,~~ offcfe~".then"t~e lid~'''~'.';;·· ''':
cnrofull:[ ;"epla.ced o.ncl~c~e~. S?' tha.t.; no ai;-. ~u~~;Les were tr'7PI,le.d: .tnsi~e, "!:~ ',;
~~~;ap~i6:;~e~~at~~o~t.:~ctot~o~;;:d:~~' \~~e·~f·:a:,:,~ ~, ~~l~.e~H~~, ~;;' .>:

, •• .. _1! :~ .. " 1'" .,'.':'" • -:: . : . ~ .••..:~.. J i .~: ~ :'.: _ -.' .. ,)"1.

Experimcnt~l ~ro~?durc... .... ..... .,,; .. 1;' ":.:.. :".:. ,'. ~!:;~ ••:I~·· ..:.,d'~ :'I.i:
.. , •• ' '. ' .,. I _ '.,'. ," ,""," ,'" •. ~ •••.• ,.. ""," 'ti t',~

At euch cxpcrimcntu;1.'tcmpcruture fiY<). fish.:wcre c:Xnl:iihea,','th'<; metaboJ,.i'c·,,·... ,' ~.
rutes 0r "eac~:)~iciividuD.l tish hoini;. ~~tprm4i~~ in":~~~' +~1,lO~~ß':·B.~qu~.~9f.· ~.:.:~ '., j,~
Tbe fish,. accl~teclto th;e exper~~n.tal. t~~p'era.~~e,,:~ 1"ä.a J f~rsr,~,e·~t?~t,i~ed. ....
with a solu~ion:or;l?,~.~~ocai?e. (cthyl-l?:'~ihO~~n~1c,Jlc.i,~~;'a~\~J ~~~,i~,I?~t~,)Uld ~;
w~iGhtmeasurod tothe,pearest O.5,·cm and·9;1~g.!e~~~~iv9~~~~Aft~r:~~~Je~~~s
trom the anaesthetic' the 'fioh was placed' in the- respiroiilet·er. lt··'this atäge' ..
the fiah.was nearly alWayB excited and showed a high o~gen ~Qn5umptiQn•. Thi.:
fioh \..'aB tlien': B.1l,ow~d, to adjuat' tQ.. thc' rC!3pii-e?met~;r:ij~", ;ot.':.~:'~B~:t>eför;~".~ I::
tho actual ~Xper_i?r·nt·~~~t~d~...Afte.r~ t~is, p·~~ip~. fr.· !,-a~.~~~~'h~:· ~lJ~~ ;·,~;~e~~,·1 .' :;
level of oxygen,co~.lflllIpt~o~9f, ,~~e. '!l.le.xc.it~d:end.\m.9ip~uJ:b.!d.. ~i.~~:~(~ ~l:'t.~,~~d
and taken as the pro~feedine level to compare witt!- thc. fe~ ti,"h... .'ib"·9~s~n.. /
consUmption determined ürider theoe eondition'is'kno~~aB'the~'routine~ .• - .••••

metaboli~ (~;.:1957).;. " ::: :.' :. :.' .. ,,:. ~.,.;;:..~~ ~.I, ,; :>~ ":: J""':l.l'~ ..•
" .... :-, .••. '. "." ..... " ";... ~ .,: .. ,o,I:,·,r·\.';"''', ·'.t"'C"l··.. !r" .. ·..
When t~.e.fis~. sl)~w~d no 1\u;tl,lcr major changea. in .o~e;en· ~C?~tiUIIlpti~P.~'lt~ft, .~····t·

lid ~s rc~ov!ld. th~, apPrOpr~.te amount. of' f.~~.~~lc~ed}~;~h~.~.~1'1l.:1~.·~~.~~: .
reSPl:rometer,and the lidtllen replaced. ,.Ex~rf;l!"9al';'~.~s ~~~m,.~9 ~.in~iQ?\l .~..
disturbanceto the fiBhduring teeding; ,Tbe fish'uBUally took'the rül1'~ ..
quantity offered, butif any was :ejecte~ i~.~B.r~qv~4.}~.n~.;~.q~E?h~t~ !?~f~::e ..
the lid was replaced. 'lhio quant1tY·w.B·then"eu'btre.cted·~rom-4:hetotiü'-"';~ ._ ..-

quant.it:!.C?.f.f~x:e~~ ... .' :'. ''I'.' ,.; "'":~'l':"';l~' '\~"'~"""::' :
r '," ,., . I. '" • ' , • ~'''. I ,.. ~ ~... ~.. ' .. t .\ ,",.. '. " I 1\' .., .. t ," l . :,. ".' .,..... ...) : -....

Tbe oxygen levels were therearter monitored at '39minute;interV~(J. ·'.remp·era~..
tUre was recordep. riimultaneously nnd the'ntino's:pli~ric.pre~·~~."m~a~red·3·.t:iIiles
daily; TJ:e rate of ifow of W1?-~er t~rol,igh ~ach ·eXperimcnt:.l#,,:me~#r~9-:evei-y•.
8 hours; : 'l,'he , dif.fe!encesin 'oxygcn level betwee!l"innow and~u~P.o~ toget1?-e:r;-' .
withth: :ate of !low tJ:rough the··re~pirometer·;.thc ,at!'l1,o,S?her~c~'p~~~s~,~,·".,·,;~
the sal1n1ty and the w01ght of the f1Sh. was used to ealculnte thc rate o.f '
oxygen consumption per kg live weight per hour; ..

I '~.. " . .• =,1 ... 'oo .f ....~ •• :t: J". "'." • i .,,~.> oo~.' "'l~t

Afte~ tllc fi.Jull· meaaur~ent',' the, fish was .~~i~he.4 .and'~?Vrit~~ :w~ik~.( ~~in~: '
the experiment det~rmiped .for further CIllculation~ . The exper~mentswer~':·.' ,':' ..
conductcd "for 11 to.15·dEiys.· FrOm the: compo~itio~:;~t:th:e"~die~·:~'8.h'o:XYcÄlqt{fic
equivtllentbf'4;6l Kcäls per li~r~ of' !J?C:(~~n ~a' ~y~ii,~~'.~(r~R~~~~f~fff~~g~~~
eonsumption of thc .fish to·thc energy conBumpt1on•. The'd1fference in average
metabolic J:'~~.e b.e~w~en ~~~ pre~fe~ding.:Btate,!Wd~h~ .1~e~i.l~ß~~tti~e<,~.~ ~e,~ 'l"",
to calculn~c'.thc energy coat~of.food, util.isat1~n ~d:.,tl1c: ~O~.~~!).;utton 9J.... :', >
this com nent ·to thc"ener 'b d 'ot· . .' : ." '. Il. !'" '1.' L 1,; ..1 .. ~~.......: .. ~ .. I

~ '. gy"u B..... ", . '...... , .. ' _/<:1 ••• ' •.•.•• • .. .." •• ~ ".1 .4'..... vi' ..........."1 .• 0
1; .....

RESULTS
, .. • 00. '0" J::-:':-' .;~;';~ ~~\!~~.~'~I:;;';.~.\.) ~,.

: ......... ~. :""to
• ' ''... ':';'OO i.;\· .•.~_.~. "IL"·:O"Jl ...

. '

•,1
t
,!
.~
"

_In_c_r_e_D._B_e_i_n_o_X4'....g..e_n_c...o_n...s_UIn...p..t_i_o..n_·r...o_·I_·l_o_WJ._;;;.;n...g~f..,;;,e,.;.e.-d_in_· glol. • .:•. ': ...'" , !. .,';; "J . ·.e '::::.~ - ,,' ~
I " .. ," ·,1 ...·.• l' .... ~ .. ~ '.. .1.

Tbe rate or oxygen c~n~ption o.f thc "cod' increä~ed' a.'fter· thi(ii~Bt'~meEü.~· "
reaching a pcak ~me lloura later.. .~e..rate o,f rise ~d.t~~,}~!!1.,t:e~c~~~ .
depcnded upon rnt10n size and was larger ror more substantie.l·mea1e.--' When'
tho same fis~ received a accond mca.l. ~\oJO . da,ys lll~er. tl:1e. ~~geI,l ;c.~n~p'~i~ri.
had still ~ot ..fallen to t~e. pre-fee~1~g.leve~.•. \and.. fol~ow~E? re~~i,l>~. ~f,. r ; '.
the .se~qndmeo.l,thC. oxygc~ eonsumphon :I:~cX'ea.sedto ~ nC!,.p~~.?;~n~ral,11.. ;·.
higher tho.n the. fiTst ~ The maximum oJCYßen. conaumpticiri.: was'. ilSlJlllly .'obsery~4; .
towards the end of the third er foUrth.meo.l; '. ". \ J,,' :.; ... , ...... ;.... .,.:; •....

5
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Measurements taken on a singlo fiab (69.8 g) fed ,ta aatiation at 10 C tor
a long series of rneals ahowed.thnt oxYgen.con~tion~rcac~edits'maximUm
after the third' mOaJ.., and thereafter remained at' or.: n.ear thia level lila" .

" " i .....fceding continued (FigUre 2)~ 'on this basis, we be~iev~ that four.;meals· " '
fed over eight d<iys allo\'1 0XYGcn consumption to 'rea.ch' itä uiEirlrillUn;' ~, ' .'" •

•

, '

,~ r. ....
" .

, . ' ,', . . . .. . '. ',' .-' . ',: ... ~.,,'.,.: ,I " r '. : : .'"

1'11e fish, sllo\'led a decline in oxygen consumption when feeding 'atoppedi , .. ' ,. ••.
but in moat caaea observations did not eontinue tor t.ong enough tor f, \

. . ., . . ; ; . • " .... - •. ',' • .. •. • l" .,.' .... ." •• '.,) t •

, definite conclusiona to be drawn about the actual'time'taken tor oxygen " ,
consumption to· drOp· to the :pr~feeding' ievel~ . In general,' ~the' ra~.e or '.' .. ' ,.
oxygcn,con5umption to~k several (:r4), da~s to:deelin~.,öißn+~i~~,;fp~t(,:,',' . <;
the rate of dceline, depended on both rahon aize and ~emperature. '!1htl, ,"; ,

• •. -'.' • '.-' , ,.. 11 .. .. " f'-· t ,;. \ J' L j# ~ • - '" .' . • •

decl~e. ~s.fÜ0~er: ~~f lar~er meals ~~ ~o!"e~ ,~.~~pe;~,~u~"~.":'::l':'~.'~"" ''',1''
• •• -, ',., ", I .'.,' ' ,.-. ,.... • " ~,J; ..... ,--, 0 __ ".,' ." r-,'•• : , ~ .~.J .

Tbe inereasein oxygen consumption following fee~ng ~epend~d.~pon,tation ."
size arid tempErrature 'as illuati-ated'by:the data in'Table'2'which"BhOwa '..
the mcan 'and peak'metabolie rate cf' the' fish'- r'eached dürfng tliit"'fee'c:Hng ~:. .-

" , ..". '''', •• '. - • . ..... , • ,- , ~ \ ." 0" .' '" ,.",. . , •.•• , ~ {. • f' •

period c?:JqJr~ssed:as. a per~entage;of t~e pr.~f~edfng l~v:e~I"~C?~~t:tvy';' \ I !.\

different ra~ion ~ev,e~s an,~ four ~~,f~~e.n~~te~P?~t~.;~~'I"",:;,:,,' ';':1. ", ,.'i: :,:':,
, '. • , . ," , '''''''.,' '" .. I '.'

Fi~cä 3 to 6 illustrate' t~e e~gea, in 0XYGen consUmptign fOa'1'i~ ted ,'" '.
at d1.ffercnt. ration levels at d1.fferent temperature(J of 7 , 10 , 1,5 and"
18°0. Iri' these' 'ngÜres ,the mean ()xygen 'yonsumption of, fieh oyar' 24-', heure', :
is plotted ~gni~st '~iIne. Tbe: eumula~iv~effeet ·~t::·.~he ~oFe,~~t;J.t~v~- m~s' '" .
upon oxygcn consump~ion,i~ cle~ly'd:~(mstrated. ", ...' ., ,,') . :',' ',:'.,

Dependance of oxygeh 'consuniption' 'uxx?n ration size ,
. ,0 '., ~ •:

" ~.. ". ~.

...
" ,

Tbe percentage inerea.se in oxygcn consumption was sreater at higner feeding
levels., TheWilcoxcn pairedsample test (zar, 1974) wna applied.to thc d8.ta
to test for differenc;es' in 02con~ption at ,the different .r~tion'lev~lB;',
at a given temperature~ Tbia showed significant differencea p<0.OO1 .
betwcen'all fish maintained at t~e.same temperature except'tor tWo fiah,
fed at maintennnce end above maintenance ration'at ~C; ~where,no'aignificant
difference could' be show. . '" " .. ," " ,

I,' .',

'D1C incrcase in menn oxygen consumption (expressed as apereentltg:;'of:the'
mean prc-feeding level) is plotted ßgninst.raUon size in Figure;7~,Regression
analysia ahoWed a significant r~latioriship betwecn ration, ~be"arid 'percentage,',
increas'e 'in öxygen" conSuniption a t" all' .temperatures ;and 'l~n~eif0r,~.ignifiC:8nce·
incrcased as the' temperaturc increa.Bed~' ~ Tbe regression" cöef#elent~ ~ el~,&-tion '
and ~ ~a~ue.at, ~~9~, temperatu:e'~~7"'~y~n ~,: Tabl.e };" '.' ;':; '~.;. ~ t .'"\. :~':'~ A' : .. ' ..

The meall rate ~f, oiYgen" eorisumpti~p '(me kg-1, h...1),' 8~.~Ji~t":ra~io~.siZ·~,. \\~,~ , . ,',: .
(expressed as a 'percentagc of body weight), at sev~ral', temperatures, ia"- ' ... " .
chown in Figure. 8. There, was a linear relationship between the "rate' 'of:- ' .
oxygen. conaumption and ration she at. all tcmperatureB~ Regresaion " '
analysis showed that the 8sBoeiation between rate of oxygen consUmption :.: ' .
and ration eize 1s significant for, all temperatures, the level,of"" '
signific~ce incrc8sing With tempera.ture~ .' The"reer~eeion 'ooef:rioi~n~~" :...,. ..
elevation and F value at each temporature are given.in ~ble 4~ , .

:,' .. '" "•• ':- •• ' ~'I ...,:...~.: 1~.~"'."
• .,. ". • I' ,.'t

1118 effeCts öf.tcmperäture . , .' " .,.' " ':~ ,
.. • .. ~ '.,;. t .' •• : •

Temperatilre' el~arlY affeeted the ~enitud,e'ef the iriereäae' in't,iYgen "~,:."', ..
consumptio~ following feeding. "CompD,rison' of' the slopesäßd '~ieva,.tioii5:' .... ,
cf thc'regreasion cquations for p'crcentaGe increaac. in~'oiYgen:conSiiiüpt:t.ön:'"
against ration' size (given in '1B.ble '3) :Showed tha.t '~he alopes~of·~~e,·':".:~·",,':,

, '. '." • " t·" '" .. ' ,.J •

6
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TADLE 2
-( ~)

Metabolie Rates Assoeiated with Different Levels of Feeding

• ..

<lI metabolie rates (mg of 0zlkg/hr)
~ ,.,
('j
$.<. %inerease %increase<lI feeding menn
0. prcfeeding mean from prefeeding peak from prefeeding8 level during feeding<lI level level levelE-l

below m. 1(>1.61 + 16.70 102.89 + 15.43 1~26 118.50 + 22.51 16.62
() maintenance 86.82 + 3·53 135.42 + 42.37 55.98 172.14 + 51.80 98.27

0 abov'e m. 95.67 + 21.67 135.30 + 24.62 41.42 161.98 + 12.55 69.31C'-

satiation 87.71 ~ 18.36 167.59 ~ 38.25 91.10 201.95 ! 29.08 130.25

"

below m. 130.14 + 14.92 152.43 + 17.08 17.13 165.32 + 17.22 27.03
() maintenance 155.31 + 43.98 168.14 + 16.08 8.26 180.74 + 24.28 16.37

0 above m. 124.91 + 23.08 178.03 + 26.84 ; 42.53 194.42 :; 36.03 55.650.-
122.20 + 20 201.15 ! 33.75 64.61 226.31 ! 47.37 85.20satiation

below m. 176.29 + 15.32 223.62 T 25.35 26.85 253.03 T 15.00 43.53
() maintenance 171.36+ 23.85' 227.87 :;: 27.82 32.98 254.43 :; 24.55 48.48

0 above m. 140.76 :; 9.54 243.27 :;: 34.65 72.82 279.01 :;: 26.07 98.22Lf\.- 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

() malntenance 157.70 :;: 16.91 223.'~9 :;: 32.71 41.71 260.37 :;: 14.37 65.10
0

150.10 :; 16.84- 279.80 :;: 59.31 86.41 341.57 :;: 38.19 127.5600 above m..-
satiation 143.60 ! 29.91 308.15 ~ 57.82 114.83 353.92 ! 49.77 143.46

-
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• regresEäon lhef: for an tenlperaturca did not differ aigrdficariti.Y

!rOm cach ether e:xcept for 15° aga..i.ilat 18°c. The elevation 'accounted
for the differencca in an non-neighbouritig ~empeii.turea but did nOt
d:tffer aignificaritly for neighbOuring tempe:raturel4 .

CoD3parioon of the re6l"csaion eqi.tationa ror rate of o~gcn eOnBUmpt:1cn
asafnBt ration size. Bhows aignificant. differences in the slcipeB of the
equntion6 for an temperatlires. 'e:xcept 10r 7/10°0 8nd. 15/18°0.. .

To demonstrate .thc. effect of tenoperature upcn o:~gen c0nsumPt:ton at .
different feediilg levels we have corrccted the ration aize to a con6t8nt
percenti;.ge of .. bOdy weiE;ht. . ~e o;xygen, eonsumption for, the correctäd. >.

ration ~6 caleu1ated frOm the appropri8.te regreßBiori equations \
(Table 4), end theri plotted agaJ.n6t. temperature (F1gure9). ~e

results show thät for a ration of fixed aize (in terms of percentage
cf wet body wEdght) the rate o:f oxygen 'conSumption increascd with .

• ' • .,.. • , • 0 '0 0 ,. 0 00 ." 0' •

temperature, reaching a ~~ at 15 C' und tending todecrease above
thiD temperature. An e:xception W8.8 the data :rar the above niaintenance
level of feeding, \/hcre oxygen eonaumption waß ßtill greater at 18°0.

~le 0 cncrgy exPended in' food utilimtion

Tc calcu1D.te the. energy e::q)enditure D.ssociated \dthfeeding at different
ration levels and different tempcrattireB the rates ef oJeYgen consumption
\iere converted to thelr caloric eqm.vaJ.entB~ Bnd then expressed äs a
percentage 01' the energy of the ingested food. !1he Values Are given
in !fu.ble 5~

Except for data at maintenarice level for, 70 0 and 10°0 there iS an .
iil:rease. in the energy cost \d.th ration size. The, data 1'010 m&.iritenance
ration at rfo ia nffected by the ver,. 10"1 ~feedi.Dg .level 01' oxygen
cOll~u::Iption. by this individual. !iah, and by apeak in oxyg(;n eoiiBumpt1OIi
after thc second fccding, perhnps renccting increased cxcitability•.
'ToGcthcr, tilese f~ctors g,avea rather large percentage increase in the .
oxyscn conGU!:lPtion. Siinilnrlyt the data for maintenance ration', fit 100 0
ia affected by a very high prc-feedfng ~evel of oxygen consumption.
bivinS a rather f:;1al1 percentaga increasa iL o~Gen ccnSt=:pticn with
feeding;

Tnkcn as ci wole, the data provide strong erldence fer an iricrease in
th~ energy cast of :lood utiliSation 'tJith ration z:dze. Tbe data aJ.OO
indicating tha..t tbe Costn 01" food utilisation iill:reaSe ....'ith temperature;
Thc l;i:eatest cast, ~22:% cf tbe ingentcd enel'gy) i.S constimed by. fi6h on
1D.rge rationa e..t 18 c~

Dincuasion

It i6 well cc:rtabliüh.cd that in ficll. as in other vcrtebratf:s, thc oxygen .
co~ticn i=.crce.nc,::; following t!lC ini;c::otion o! feod (nI-ody, 194,5; Avcrett,
1969; }:uir:l:ld lliir.J., 1972; ricrcc and '·!is:>~nG. 0 1~74; Bemlish. 1974;. and
Vclüe llIld na·"c:lport. 1979). ~1C :::a.:;nitudc ci' this increaae i6 dcpendcnt
on both ration sizc and the cnv1ronmcntaJ. tempcrattire; ThiB, phenomenon.
orten t.::med appm-ent SDA, hai:: umwlly becn mcomtred as the increase in
the rate cf O::~'bcn conBttnption ~:fter a BinGle meal~

8
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\.;e have found 1J,.at rifie in oxygen co:iwumptio~' is rather slo~, So fr.at .
with consecutive feedtilg the effect' i13 cumulative änd, the in8ximUm oxygen
consumption gen~,appoars after sevei-al. meals.,' !!hws, the maXimllJIl
oXygen con~~ption attributable to.ap~t S~ vill dependver,y,much
on the feäding regllIe that ia followed. 11' weconSider a f'1sh like the
cod 8..s n continuoua pred8.tor,. it i5 most Sl)!'ropriate to accept the
tle8.n oxygen, consumption mellBUroo. duririg a proloDged periOd of'. feedfng
an" the, lictualoxycen ,con.sUrtpticn A.ttributable to food utUisation, 8.s
done during this study (.Figure 2); . . . .". , .'

....... "........ :..~~'-';
naunders (~.963), nOOmfsh (1974) and Vahle and DavenpOr1: (1979) reported
thitt ö:xygen eonsumption takes 2-J+ boura to reach to its marlmuin level
iift~ feedi..!l.g~ Dur o...~ ob.aervationo ßhOwedtbi:lt it t.)ok a muchlonger '
period (u.sually 8-12 houra) to rench a pea1: f0I' cod, at our atudy ,
tcmperatures. This diBcre-pancy ma~r renect the presentation of a.
more rapidly, ZlSsimilated diet by other \l'Orl~cr:3, or, a hibher temperatiire.
P..o....ci,·er, it is, :P066ible thnt in some cäses thc rapid build~up could ,
be due to an inerea.eed excitnbility. of' the tish follow"ing feeding riither
thnJ=. tc 'the diriestio::land Mcicilntion oi" food.' Digestion rates
t1oanu..-ed for. cod (,Jones, 1974 and Hawkins, uD.;Publlsheddata) indicate
thnt it takes B.very long time for t'ood to beeliminated from the stonio.ch~
Slow build-:up !Jf oXye;en co:l5'~tion after feeding :iD. our e:q)er1Inents':
olmoot certainly reflects their veryGlowdigcstion 'räte; ,No attempta
Wcre made. tö I:1~e thä eriers;.; ecists. arising rrom oxcitabUiti .cf'
cod in our m:perime:ltal canditions. Howeyer,our reäults from staried
fiah, wmer. showed in so~e Casesvery sni:Ul increases duriilg the mock
1'eedi.ne period (1.89 snd 0-.'.;% of pre-'feoding level fbr starved 1'ish
at 7° end "!,5°C respeCtively). We b8.vo. therefore conCluded th8.t the
coata of increased excitability of fish in our experiments are sinall
nnd ".:hat .t!:.e l:lti.n ,increace in o:yeen consJI:l?tion aft~r feedins can. be '.
attributed to foOd utilisation (nppareht ~)o

Althci'.ish the eY.}'erinento did not cOntinuo tor long, onouCh to allow arty
definite conclusion to be dra",'1l about the nctua1 tiine required for o:l.";Ygen
cO.:u;.:.r~l)t~on to di-op to the pre-feed~ns101"01, in ~~erel th~ rate of'
oxycen co~ption uecreased, to the pre-feed:iilg level within a few. dB.ys .
01' the l.arit mea1~ Tbe rate ,of deeline W both ration.. a.nd, temperature
depCndant. Thia results are consistent Hith: these of BeaniiSh (1974)
anu ValJle. 011d Dn~enrJOrt (1979). Saunderß. (1963), iJ:i a study on the .
ef~e6t of' ~eedinS,on t~e metacolie rate ,,1' At~tic cod ("'1: 1 ltg). at"
10 C. reported that tbe routi!le motabolie rates of starving fi.sh rose ,
fra:'l 75 to', '12 mc; ,of o2/~G/hr after recdiris e.nd re:niiined ät this elewted
level for. 1 to 2 dn;ra, fri.ll.ing cradun.llj back to the fasting, routine
rate by thc. sev'mth day•.

The most cO::'I!lrabmsive study of ap~cnt SDA. "~.c me.de. by Averett (1969)
on yottnG coh~ w..J:::lon, Chcorh;mchut. ld.rmtch; Undereonditions 01' vitrYing
rn~ion end ~ecpernt~e, ~~~t incrc~ent~ rangincr from 3.4 to 45% 01' the
e;nerg:! inccoted \zere rel)artcd' with most values pronouneed between 9
lind 15~ ('meat iD.crement" io atem uhich.has LecD. used by Borne ,,,,,rkerB,
far e:~n?le"Rubner, 1902i and Averett, 1969 to express the inerease in
~ctabo1ic rate after fcedirig). '

Muir nnn. laiei (1972) deterrdned SDA :rar ti."O rr.,ccieens oi aha16hoie for
which the] obtained a vci1ue of 16% cf thc ine;e'i::ted enerQ" 01' rations
01' tu:",,~ nesh at' t\:o re.t!l)n levelc (2~3 Dnd 4.5% \:eight). ~le stUdy
by Smith (1973) on the Slu.cgioh aargassiun firm, Histrio histrio, (1 and
28t;) fed to 03.tiation level, reSulted in a rangeofheatinerements ,.'
frOm 15.2 to 36~~, the overall average beiiig 23.7% öf the iilgeated fOöd l

1/\
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