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Tte «ffcot ot protaim lataln om emmBaia aaoratlea
aad growth ratas aad tba ralatad affaeta ot aaaoala
lavala oa growth rata aara atudlad la tha tllapla apaelas

«piim=mm in aaa aatar. Tha mttoet ot pretala
lataka for atook la tha alaa raaga of 30 =300 g W, mm
dataralaad bj aaalpulatlag dlatarp protala lavai (Ftl

ratio) aad faadiag rata.

Tha lita protata lavai raaga of 30
43.33» taadlas rata of 0.3 3» BV/S ahoa that
protala iIataita Blgaifleaat affaet oa both srewth

aooratiOB rata Xt Blbla to draw
11 ralatloaohlp bat« growth <80»
aooratlOB rata at P:B ratio lavai, Tarlatloa la tha

Pii atte laado to varlatlea la t alopa ot this
ralatloaohlp whleh raflaota klalp tha dIffaraat
ooatrlbutloa of protala aaargp aad -protala aaargy to
growth output. Tha Ptl ratio appaaro to ba
algalfloaat to growth oaly at low faadlag rata (aub-
aatlatloa), whlla It lo ralatlvalp ualoportaat at oadlua
high faadlag ratas ole to oatlatloa).
Pii ktle la laportaat for a lala output at all faadlag
rata



Optlaua grawtk tor aftll flak la taras ot VCI aad
ptt eaa ba aeMavad by faadlsf at aub-aatlatiaa (M BV/0>
with a pretala dlat <43.38». Tkla grewtb «aa
aaaoetatad wttb hlgb aaaoaia output <313 o< > latahal.
mlalp beiwiw of tba liaitad aoa-protala aaargp aupply
wltb tais taadlac retias. Tais suffsets tbat alga m
saluaa ebtalasd fiea autrltloa atudlsa 40 sot asassasrlly
——— ali” pretala utlllsatloa toe grewta aad aubeaquaatly
lew protala oatabollaa aad loe aaa»la output. It
ouftaata. la faot. taat a ana afflolsat groirta eaa ba
obtalaad by protala astabellaa ratbsr tbaa earbebydrata

astabel laa.

Fer lew aaaoaia output lov FtB ratlo dlat fad at
ai” ratloa la iannaassilsl aalaly to allow pretala sarlat
by tas earboaydratas. It uae aot poaalbla to datlao eaa
partleular protala latahs aa aa eptlaua for grewta, fCB
aad aaaoaila output. mewaeart optlaua greeta oaa ba
aoblauod wlta lew aaaeala output by faadlag low Ptl ratlo

dlat at ai”~ faedlag rata, but at poorar K> aad m .

Tha aagatlws eftaet of aOblaat aaaoaia oa grewta
rata waa fouad te ba algalfleaat. Xf ua>loalsad aséala
latelo ara laeraaaad lrea 0.0 to 0.30 eg/L. eptlaua
grewta oaa «ay ba aoblated at bl”~or pretala lataboa.
At aigbar aaacaia Ulatelo optlaua grewta eaaaet ba

aoblatod at aay protala latahs. Aaasala appssre te
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r«duo* food ooMuaptlem. tharafor«, It would ba adrlaabla
to provida all autrlaat raqulraaaata eoaeaatratad la
saall. ratloas. Furtharaora. maannla straoo aaaaa to
raduea taad utlllaattoa affleiaaey. tbarafera. tt would
ba adviaabla to uaa a vary afflolaat aaargy aouroa. auoh
aa protata, to balaaoa tbla raduotloa. Tbarafora. uadar
ooadttloao abara aaacaia output [la [laportaat for
ooatrolllas aOblaat aHsala (ag- abara aatar aupply la
raatrlotad) faadlas a blgb protala dlat at loa ratloa

aaaaa to offor tba optlaia stratagy.-
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Xm aquMvltur«, good flak gnwtk rat« aad food

k ara kiamlljr ooaaldared eaongat tka aoat
lagortaat faetora afteetieg tka BMOoeea of tka oparatloa.
ditkeiigk tkeae ara elaarly raquirad It aay «all ka tkat
la etreuaataacaa auok aa lataealra aquaoultura, tka
ralatioaaklpa bateaaa food lataka aad growtk rata, aad
tka 'feadbaek™ affaota of laiata output <ralatad to food
roglaa) oa growtk rata aay lead to dtffaraat aiaa for
~ttalalag affieiaaey. It la tka purpoaa of tkla atudy
to attaapt to ldaatify aoaa of tkaaa roXatioaoklpo for
tka oaaa of tka tilapla growa la

lateaatra eoadltloao la oaa watar.

la aalaal kuataadry optlaia autrlaat raqulraaaata
are uaually daflaad aooordlag to tkalr growtk
aad food utlllsatloa offlolaaolaa. Otkar
paraaetara fraquaatly eoaaldarad laeluda kody oo”~maltloa
aad tka gaaaraX kaaltk atatua of tka atook. la
agaaoultura aoat of tka autrlaat raqulraaaata aro

aaXaetad oa tkaaa erltarla aXao (LoraXX, XMO>.

matakoXlaa of food raauXta la a rarlaty of waata
aatarlaXa. Tka output of tkaaa aatarlaXa kaa raoalaad
ooaaldarabXa attaatloa f m tka aatakoXlo aad aaargatlo
polaka of wlaw. Haaauraaaata of output ara uauaxXXy uaad

to aapXala food aatakoXlaa la ordar to daflaa tka kaot

\Y



nutrient Intake tor growth end food utllisetion. Thia
approeoh la gaaarally adequate for terreetlal enlaals
thoee «letee are produoed c» land, and therefore onoe
eeereted are aaldoa enpeotad to hare a nagatlre growth

offoot.

Bowaror, in aquaeulture. mtabollo aotlritteo
Jit In a range of altd oluble wnatea being

produoed in water (kuir. IMa> whieh In turn

direct effaot on the phjwlolagleal of the atook
(Alabaetar. IMa>. Unlike terreetial lie where ad.
libitua feeding ia ilatirolp easp, Tfiah feeding
atrategia oonplioated togr the aiquatio

enrlr eat due to the rapid dateriomtion of uneaten

food in water (Taoon Convepi  1MS>. In nutrition
atudioo optiaua nutrient roquironenta uvauallp defined
at <or to t> optii enrii eatal
oonditiona. ia mroial operatione the fiah
night <for ® hare to lii ia aub-optii

eonditic when in new of the likalp roduetioa ia
appetite feed utilisation 111 quaetioa the

mlua of roquix wmate obtained ia this

Xa thia reepeot Brett (1BT9> stated that growing,
unlike euoh eotiritiao as awianiag or respiring, Iis
iasoperablp coupled with a powerful "biotio" factor, eo

that anp "abiotie* factor will tend to intaraot between

Vv
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fiacdIBc and grotfth. Thus, flah «rowth la tka flak fara
will dapaad oa tka balaaoa katwaaa tcxid and watar quality
aad la turac tka aeeaealaa ot tka farm will dapaad oa tka

iat of tkaoa two faotoro.

Tkla food-growtk-watar quality ralatloaoklp
okaraotarlaaa aad aaparataa aquaeultura froa otkar aalaal
kuabaadry aatarprloao. lavartkalaaa. la aplta of- tkla
ralatloaaklp aost autrlaat raqulroauato ara otlll daflaad
oa tkalr autrltloaal raapoaaaa oaly. Tkls atgkt ba
aooaptabla for ayataaa «Aara watar aupply 1la laao
llaltlac auek aa floatlag eagaa, but for poad aad tank
oultluatloa tkara la olaarly a aaad to taka graatar
aooouat of tka aoro omplata ralatloaoklp batwaaa food
aad growth aad watar quality. Studlaa oa food« growth
aad watar quality oaa Jla tura proalda ualuabla

laforaatloa auok aa watar aad apaoa raqulraaaata.

Tka otudy of tkls ooaplota ralatloaaklp Ilo
ooaplloatad by tka oo”lax aaturo of tka aaay faotora ©
faad ooapooltloa, growtk paraaatars aad tko warloty of
tka aaoratad waata aatarlalo. Za rlaw of tkla ooaplaalty
It was daoldsd to daflaa tka aala factors« aa tha slaplor

ooapoaaoto of protala« aaaoala output« aad growtk.



Tte It hoonix autrloat by floh fw good

growth 1o pretoiB. Protoia a algalfioaat
eoatrlbutle flah growth kta It 1o ro™ulrod
for otruotural tuaetloaal purpooao <nc, 19631 Coway«
SOrgoat 19T9] To Cewoy, 1968). Plah. Ilka
othar Ila. laeh tha ability to oyathaali aalao aelda
mlapla laorgaale ktarlala not dapaad on
dlatory aalao 3ld or aold praoui that
awartad lata aalao aelda. Dlatary protali la
dlgootod or hydrelyaad to aalao aelda that
thaa ua to ayathaali body protala. 811
protali eoatlBuoualy balag uoad by tha
olthor to build tla durlag growth aad
mproduotloB) or to repair tu ma, a regular latoka
of pretala aelda la raqulrod.

Zf adequata protala le aot prarldad la tha dlat«
tharo lo a rapld roduotloa or oaooatloa of grewth aad
looe of wal”~t beocauea tha aalaal wlthdrawa protala froa
aeaa tloouaa to Baiatala thé fuaetloaa of aore ntal
oaaa. Oa tha ethar haad. If toe aueh protala Ila
ouppllad« prepav tloaally looa wlll be uoad te aaka aew
protala aad tha root wlll be aatabolload to produea

aaorgy -
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dli«tiB(uiahinf oharMtarlatlo of pret«la froa
otkar Butriaata la ilah rlaaa troa tha faot tkat tha
dlatary aalao aetda oaa ba uaad botk aa aa aaargjr aourea
aad aa a praeuraora for lipid aad earbokpdrata ajratkaala
CVataaaba. 1MO>. VItk raapaot to tkalr prlaarjr aouroaa
of aaargp, flak appaar to bo diffaraat f m aaaaalo. la
wklok dlatary oarbokydrata la aoouMulatad la tha
(lyoogaa pool, wklla aa aaocaaa of earbokydrata Ila
ooarartad lato aautral lipid. la flak howarar,
earbohydrata la hardly ooavartad altkar to lipid or to
glyeogaa. wklla protala oaa bo ooarartad to both
<Vktaaaba, I0M). Tkarafora, protala appaara to ba tka

prlaary aeuroo of oaarsy la flab.

3. mmA

Am protala oaa bo utlllaad by flak aa a autrlaat
aad aa aa aaargy aourea (VIC. ivast Coway aad Sarsaat,
1979{ Taeoa aad Coway, IMS) otarall raqulraaaata ara,
tkarafwa, high. Tha optlaal dlatary protala lawal
raqulrad for aaalaal growth la faraad flakao la raportad
to ba 80-3003 hlgkar tkaa that of tarraatlal fara aalaalo
CCoway, 1078). Thua flak aoraally raqulro lavola botwaoa
28-803 protala la tkalr dlata <Taooa aad Coway. 1M8>.
do protala la ralatlwaly aapaaalwa tkla will laeraaaa tho
ooat of ferailatlag tIMoo dlata, aad ao It la laportaat

bo aaba aura ot good protala utlllaatloa.
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it hmm b*«n oocaacaljr reported that fleh eet to aocet
their eaersp de”ed <Cowey end Sersent, 1979), end thus
feeding rete le reguleted eetnly by the energy content of
the diet. Bowener, reoent lltereture ehowe thet feeding
rete Is effected eleo by the protein content of the diet.
For exeaple, Oglno <19A0> found en Inverse reletlonshlp
between dietary protein requlreaent end feeding rate In
ocerp. Slallerly, Venge et. el. (9flS> found e negative
relationship between feeding rate end the protein content
In feeding n.«tintieuw. ThuSi Teoon end Cowey (9f1S>
recoasended thet optlaus nutrient requlresents cannot be
defined unless a aeries of different feeding levels ere

tasted so as to eleclt a aaxlaus growth response.

4. Fyet i« mm»»

The effeot of proteln Inteke la not only llslted to
the flsh growth rete, but aztends to effect tha wntar
requlreaent In the flsh faro. The aejor nltrogenous
byproduot of proteln aetabollsa Is aasonla (Porster and
Qoldnteln, 19f19>. Oenerally anaonla oonstltutea about
99-90S of total nltrogen excretad la flshes <Brett and
(tewes. 1979>. Blochealeally, anaonla arlase froa
oatabollsa of proteln and aalno aelds, prlaarlly via the
aetlon of acida oxidases trena - and de-nalnasa
(Karaaalk and Caaeroa, 19fll>. The prlnary site of
aaaonla produotloa Hla probably the Ilver, but the

ry eaxyaes heve aleo besa looated In the kldaeys.

Vv
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~kalatal tIMU* (laadall aad Vright,

Awmauim ««oration la Influanoad by aany faotora of
«blob {»rotaln Intaka 1« tba aost Ilaportaat. PauXaon
<IM0) found that nltrogan eonauaptlon was by far tba

moat iaportant factor InfXuanolng mmmnnla axoratlon.

Aaaonla la known to ba a toxic eonpound to flab
(Alabaatar and Lloyd, 1960] Saart, 1081; Colt and
Araatroaf, 1081). Spotta <1079) raportad tbat aaaocala la
tha aocat latbal fom of Inorganic nltrogaa produced la
aquarlua watar, wblla aaaonla at aub-latbal
concantratlona raaulta In a raductloa la flab growth
rata. Suaao and Thuraton <1077) raportad tbat aaaonla
aay unooupla oxldatlva pboapborylatlon, and raduoad
growth aay raault In tba Inability of tba anlaal to
conwart food anargy to ATP. Cortlcoatarold boraonaa ara
alao ralaaaad proportionally to aub-latbal aMonla
axpoaura. Thaaa boraonaa cauaa a nagatlwa nltrogan
balanoa by daaalaattng aalno aclda, which arc than not

avallabia for protaln aynthaala aaaantlal for growth.

Baoauaa of tbla ralatlonablp batwaan aaaonla and
flab growth aMonla baa boon oonaldarad by aany
aquaoulturallata aa an laportant paraaatar la daflalag

tha watar raqulraaaat of tba flab fara. Tbua Spaaoa

Vv



(18TS> proTldad 8 mftthMwtie»! fTaraula far oaleulatlag
tha roqulrod aatar flew teaod oa e*oals produotlea
rmtaa. Slallarly, 1la a raotroulatlac oyataaa oatar
traataaat flltara eaa ba slsad aeecrdlag to aoBoala
preduettoa rataa Opoaoa, I»73t Bogara aad Klaaataoa,

1»68>.

Vhila aararal euxXtural prooaduroa auoB oa
ooatlBuoua watar aachaagat blologloal Tfiltratioa, loa-
aaobaaga. alr bubbllag. or obaaloal raaotloa wttb
ebloriaa ara arallabla for oaatrolllag asoala laral It
obould aloa ba pooolbla to ooatrol aaaoata latrai la tba
flob fora by aaalpulatlag protala latoha aad banca
protala oatabolloa. Thua by gptlalslag yrotala
utlllsatlra aad alalalslag protala oatabolloa It aay

pooolbla to lottar aaacala lavai la tha flab fora,

aad ao raduoa lattar raqulraaaata.

Vo ooaa to a protala-growtb-aaaocala ralatloaoblp
lAora protala lo ragulrad for good flab growth, wblla
protala aatabolloa raaulto la tbha fnwtloa of aaaocala.
AMoala lo aaoratod by thba flab aad If aceuaulatad la tba
eultnra oyotaa otarto to affaot flab growth rata. Froa
aa aeoBoalo parapaetlva, baoauoo of tba high dlotary

protala raqulraaaat aad tba high foraulatlag eoot, It la



taportaat to aura of good protala utlllaatlea by ttea
fiate.

IT protala la la aacaaa of tta raqulraaaata of tha
orgaaiaa« oOr tiea oonatttuaat amino aotda ara poorly
balaaoad la ralatloa to growtte aaada, daaataattoa oooura
«itle axoratloa of altrogaa, aalaly aa aaannla aad uraa
<Bratt and Ororaa, 1079). I"ropar protala utlllaatloa
by ttea fiate «fili raault aot only la low utlllaatloa of a
telgtely ooatly itaa, but «fili laoraaaa ttea produotloa of
aamoala. Baocauaa of ttea poaltlra ralatlonatelp bat«faaa
protala latalw aad gro<ftte rata <Co«*ay aad Sargant, 1979t
Taooa aad Co«ay, 198S> fiate faraara ara uaually «Ffllllag
to laoraaaa protala la ttea dlat to laoraaaa tea fiate

gro«ftte rata.

Hotfaaar, tea amoratad aamoala auat ba dllutad.
raaorad or traaafarrad to aon-toxlo ooapouada to parait
good grocftte rata, «fteera «fatar aanagaaaat to raduoa
ajmnala teold aatra flaanolal aapaaaa <Colt aad Araatroag,
1961). Purttearaora, tiea fuaotlonal ralatlonatelp bat«waa
grofftte  and aamoala muat ba kno«fa bacauaa It «fili
prebably ba lapoaalbla to oparata la ttea *ao affaota”
lavala baoauaa of aooaoalo ooaaldaratlona <Colt aad

Araatroag, 1981).



la thlm raaaareh tae taportaat paraaatars la tha

daftalas ot autrltleaal and aavtroaaaatal raqulraaaata ot
ara to ba atudlad. It la tha lataattoa te

ralata thaaa paraaatara la ordar te feraulata a
fuaetleaal ralatleaaMp. wltb tha ala ef eptlalalas tara
daalga and aaaagaaaat atratagjr. Thua protala lataka
oould ba daalgaad to "™ 1da tba daalrad raaulta la taraa
of growtb and aaaoala produotloa rataa, wblla watar
qualltp aaaagaaiat baaai oa tba tolaraaea of tba flab to
aaaoala oaa ba daflaad and aalatalaad by adjuatlas tba

dagraa of flea rata, raelreulatloa aad/or flltaratloa

rata.
e. aad »aataa

Xa araaa abara fraabaatar aun™ly la llaltad, food
produotloa la alao oftaa Illaltad. Xa araaa auob aa

Kuwait aad otbar Oulf eouatrlaa, tbara la a atrea« daslra
to laoraaaa food produotloa aad aa a raault tboaa
eouatrlaa aaak aay rlabla opportualtlao. Slaoa aaa watar
lo abuadaatly arallabla, aarlaa flab faralag of looal aad
otbar aultabla apaolaa baa baaa raoogalaad aa a poaalbla

optlea.

Tha daralopaaat ef tba ouXtura of tllapla la aaa
watar offara partleular potaatlal, dua to alapla batebary
taebalquaa, ralatlwa robuataaaa, aad good growtb

parferaaaea. Tha tolaraaea of aocaa tllapla apaolaa to

Vv
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hligh Mllaltjr bM raeogalMd «lao* IMO"«
<Ch«rvin*kl, 1901). though [IIttlo rmmmmroh hmm boos
oarriad out to doflno tholr blologloal roqulroaanto in
M Motor. Spool#« of ttloplo ouoh osi QjB-— iftlaus»
H.optiuruo and tha rad hybrid tllapla ara known to
tolarata high aallnltlao Coaa ag. Stlofcnay. [IMS).
Q.apiiurua In particular has boon raoognlaad as a good

opaolaa for aarlcultura <Al. Ahoad at. al., IMd>.

Tha uaa of nr««ehm»ta aptiurua In aquaoultura Is
ralatlraly meant. Tham la thus wary llttla Inforoatlon
In tha lltaratura on Its raqulrsoants for oulturs. Ths
major rsason for this has probably basn Its mlatlvsly
slow growth rats and tha prassnea of othsr fastar growing
tllapla spaclas sultabla for fmsh watars. Balarln »
Eatton <1B7B> rsportsd that ths oaxloua raeordsd slss for
Q.«piiurus la 1.0kg, wbsraas ths oaxlaua slss rscordsd
for n. ntiotiaus and » ths oost wldsly
oultursd tlhlapla spselss, Is 2.S and 1.7 kg rsspsotlvsly.
Bowovsr Its high tolsranos to salinity <Ooboma, 107B>
offsrs particular adwantagas. Thus, Al. Ahaad at. al.
<10Se> oonoludsd that o.spiiurus was tha ooat sultabla
tllapla for aaa wotar cultlratlon In Kuwait la coaparlaon
with Q,juiESU& and rad tllapla. Tha fish has bssn found
to grow and spawn In aaa wntar of salinity 30-40 ppt la
Kuwait <Al_Ahand, at. al.. 10S6>. As a msult O.opilurus

has baan salaotad la arid oountrlaa such as Kuwait
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(Al _AhaM, at. al.,IMe> aad aaudl Arabia COaboraa. 1»TO>

for its aaa «atar eultlratlaa.

Tha uaa of aaa aatar algbt ba axpaetad to raoult la
a Obaaca ta tba blologloal raqulraaaata of o.~tiuimo.
Bratt <loro> raportaA tbat aallaity mm a "aaaklas faotor™
will iaeraaaa tba aaiataaaaea aataboliaa of Tfiab. la a
raoult aora mmmrgj will ba diraotad towardo aaiataaaaoa
aad aubaaquaatly a lowar fraetioa of tba eoaouaad aaargy
will bo diraotad towarda otbar aotiwitioa. Tbia would
probably raault i1a a obaafa ia tba aaargy partitioaiac
aad food utiliaatioa. Furtbaraora. tha bigbar
aalataaaaoo aatabolioa probably will raduoa tba aatabolio
aeopa arailabla for aotiro aad faodiag aataboliaao.

Priada <1968) aotad tbat tba aatabolio aoopo of
fiob uariaa aoeordiag to apaoiaa aad ataga of dawolopaaat
aa wall aa bailag i1afluaaoad by aaviroBaaatal rariablaa.
aotably taaparatura. Ho addad tbat it ia awidaat tbat
aallaity, aaoag otbar aariroaaaat faotora, aay affaot tba
Htabolio aoopa ao aa to aodlfy ita baaio ralatioaabipa.
Ha furtbar aotad tbat tbara ia atroag aridaaca that a
awfbor of apoeiao r~ulata tbair faodiag aetirity wildly
to haap tbair aotabolio rata witbia tba bouada of tba

aatabolio aoopo.
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Maj ehug* Is tb* fMdiag rat* sight also rasult la
a ehaaga la tha autrlaat ragulraaaata of tha flah <ag.
Oglao. 1980). Thara ara ladloatloaa alao that aallalty
affaota tha pretala aatahollaa. Sohaldt-VlaloaB (19T0>
rapertad tha laaalvaaaat of tha aalao aolda la call
aoluaa ragulatloa durlag aaMalty stroaa. la tha
aallalty of tha aadlua laoraaaaa or dacraaaaa,
nnrraapnnrting ohaagaa ooeur la tha latraocallular aaiao
aold eoaooatratlma la aoeordaaea with tho aalataaaaea of

ooaataat oall veloao.

Slallarly. aallalty aoollaatloa as It ehaagas tha
aanhanlaa of oaaaragulatloa alght affaot tha raspoaaa of
tha flah to othor aaalroaaaatal faetora. For aaa™la,
Lloyd aad Orr (1980) auggaatad that aay aaalroBBaatal
factor that affaeta watar balaaca <ag aallalty) alao

affaota tha aaaoala tolaraaoa of flah.

Tharafora. It aaaaa aary llkaly that with all thaaa
‘aodlfloatloaa to aatahollaa. autrltloaal raqulraaaat, aad
raapoaaa to aawlroaaaBtal faetora. that tha flaal growth
rata will alao ehaaga with aallalty. Am a raault data
aaallahla oa tha autritloaal aad aaalroaaaatal
raqulraaaata for tllapla la fraohwatar ooadltloBa al”t
BOt ba a™lleahla la aaa watar. Thus, IT tha
ralatloaohlps batwaaa protala, aaaoala output aad growth

tm ba dataralaad for Q<XOiliuvaia. la aaa watar, aa

Vv
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twfartmat stap oaa b* tiJna la davaloplac nn— rolal

tllapla ealtur* potaattal la arid laads. Tha
aatura of tba ralattoaoblpo davalopad aap alao I7reva
uadarotaadlas of olollar approachao to aquaeultura wltb

dtffaroat opaelao. la dlffaraat aaTiroaoBato.

Tha protala-growth o— nnla ralatloaohtp o0aa ha
eoaaldarad to laoluda aa”ral ouh-ralatloaahipo aueh aa
thooa hatwaaa protala iataka aad growthi protala lataka
aad aoaoala aaoratioa, aad aavlroaaaatal aoBoala aad
growth. Tha followlag dloeuaaloa. tharafora, will ba

booirt oa thaao oala araaai

g-1

Tha protaia lataka-growth rolatioaahlp for flah baa
haaa tha auhjaet of aaap rartawo; Coway aad Sargaat
(loraii rhilllpo <1M»); Coway aad Sargoat <I»T9>( nc
<1903)1 aad Taeoa aad Coway (1933). la whloh a auAar of

fuadaaaatal faotoro ara idaatifladt

1. m0tntioaa:
a> IMm aoid ooavooltiaa aad Protala oooroai

Oaa of tha aala faetora larolaad la tha utlllaatloa
of dlatafy protaia to tha aalao aeld pattara of tha
pretaia eoaearaad aad how aaarly thlo aatehao tha aadao

aeid raquiraaaata of tha floh <Coway aad aargaat, 19T9>.

Vv
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Za eaaam wlth terreetrisl ulmla, flak raqulr* tte m m

t«B ladtspaaMbl* or ooocootlal Miao aotds (BAA> wltbla
thoir dlot (Taooa aad Cotmy, 1968). Ulllkla <198a>
ropertod that dlatary aalao aeld t"balaaoao aay roouXt la
hlghar diotary protola soqulroaaato tbaa theoa aoraally
aoodod, ao wolX ao aatafoalaaa batwaoa oortata aalao

aoldo.

Ovor alao dIfforoat protola oouroas baro booa uood
tar tbo dotoralaatloa of tba diotary protola roqulroaaat
la floboo (Taooa aad Cowoy, X068). Thooo raaga trcm
purlflad protalas to «AoXo protala eoapoalto usad althar
aloaa or la ooablaatloa wltb froa aalao aold au™Xoaaats.
Howoror, tbooo protola souroos diffor la tbalr aalao aold
ooapoaltloBo aad as a raauxt dltlaroat raauXta ooro
obtalaad. Thlo aubjaet has basa rsrlaood arsocaatXy
Taooa aad Coway <X988> wbo susgostod a Ilpld-sxtiaotad
flsh aaaX or llpld-axtraotod flah ausola to bo usad as a
staadard rsfarsaea protala bacauso ot tho oXoso
slallarlty botsooa tba diotary IAA rsqulrsaocat of fiabas

aad tba BAA profila of flab auselo/oaroasas.

<8> Voadlas «1iSOl

Slaoa "optlaal growtb* la foaaralXy usad as tba
erltarloa for aatlaatlag diotary protala roqulraaoat, It
la oaaaatlaX tbat food supply la aot llaltlac (Taoim aad
Coway, XM8>. - uh«rn» foodlag, a aatbod aoraally

\Y
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u— d tar terreetrlal ktaala, la eo”lloatad by tha
equatte aaalreaaaat dua te tba rapid datarioratloa of
uaaataa food la uatar. aad by tba dIffaraat fTaadlag
habita of ladlaldual Tleh apael« Taeoa Ceway
<1668) iatly raalawad tha typa of faadlaf praetic
uaad la floh eultura aad ooaeludad that tha

faadlBf aathod aaployad haa baaa tha ua of fimd
faadlBO raglaa la Mhleh tha faadtag lavai baaa
erbltarlly. Thay olalaad that la eoatraat to tha
prafarrad faadlaf aathod whara flah fad to itlatlea
at eptli faadlas fraguaaoy, a flaad faadlag rasli
dlraotly lafluaa tha oute of tha ot dlatary
raqulraaaat. Thua, Oflao (1060) fouad a ralatloaahlp

bat« faadlaf lavai aad dlatary pretala raquli mat.
Tharafora thay madad that faadlaf
ahould lavalva elthar dlffaraat Tfaadlaf !- er

eatlatloa faadlaf at aa optlaal faadlaf fraguaaey.

<3 laargy Coataat at tha Diati

Vhlla protalaa prévida tha aaayaatle raaetloaa aad
muoh of tha atruetural apparatua of tha eall, thay ara
elae a fora of aatabellsabla aaarfy (Co««y aad Sarfeat,
1070). Oadar oeadltloaa idwa aaarfy lataka Ila
laadaquata, dlatary potala wlll ba uaad aa aa aaarfy
eourea. Xa faet, protala ayathaala wlthla tha aalaal
Mili oaly raflaet tha quallty aad quaatlty of dlatary

protala «haa a aufflolaat aaarfy lataka oooura. dt hlfh

Vv
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Mrgy lataleee a proportlim of mmlwo «olds will ba
dsMlaatad aad tIM oarboa raaldua buraad aa aaargy-
although protala aap aaraa aa a aouroa of aaargp fw
floh, areToataatolp 10* la altregaa that eaa aot bo uoad
for aaargp <FhiIIlIpOi 1909>. Coaaaraalp aa aaocaaalaa
aaargp Iiataka of aodarata dlatary protala lavala will
load to tha aoouaulatioa of fat la tha flah raaultlag la

uadaalrabla ehaagaa la oaroaao ooapooltloa.

XX. maalraaaaatal Pbotorai
<1> Toivaratarat

XII1Ikla <1902) raportad that thara la aa laoraaoa
la dlatarp protola roqulraaaats with laoroaoa la tha
watar taaparatura for otrlpad baaa. Bowaaar. magar at.
al. <197T> aad Cho aad magar (1970) fouad ao offaet of
ta”aratura oa tha dlatarp protala raqulraaaata for
ralabow trout. lacaatlp, Taeoa aad Cowap <1900) olalaad
that tha walght of aaldaaca la that laoraaaad watar
taaparatura doaa aot load to laoraaaad protala

raqulraaaat.

<3  Sallattpi

Zaltoua at. al. <1973) raportad that thara la aa
laoraaaa la dlatarp protala raqulraaaato with laoraaaa la
tha aallaltp f m 10 to 30 ppt for ralabow trout. Oa tha
othar haad, uadar alallar aoollaatloa ooadltloaa thara

waa ao ohaaga la dlatarp protala raqutraaaat for ooho

\%
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Mlaon <Z«ltoua «t. <!., t9T4). Taoob aad CotMjr (10M>
elalMd tiMt 1* at th* epaeulatlv* aBthod for
arrtrtag mt dlotary roqulroMot froo tte do— -roopo—

(Coltoua ot. <!_, IftTS), «ad tho look of lafor- tloa oa
tte roqulro— at of tho—- flak sp— 1- la full stroagtk
a— Notar <38 ppt>, tkara ara ao tira data daaocaatratlas
tkt tko protala ragulra— ata et tlak ara alaaatad wltk

laoraaaod — llalgjr.

IXI. r~alcaoBloal taetorat

Plak «1- t

Dlatary protala raqulra— at for aay paz*Imilar
ap— 1- ohaaf— wiltk also. XIlIllkla (1983) raportad tkat
dlatary protala raqulra— ata gaaarallp daeraa— wltk

laera— lag aga or tlak al- .

XT.  Matarjr Protala Bagalraa— t af TIIMlai

Data aval labia oa dlatary protala raqulra— ata tor
tllapla ara raatrlotad - laly to 1iry aad juvaall-
(Javua— Jr aad lo— , 1083). Tkara ara wory taw data
aaallablo la tka Illtaratura - tka dlatary protala
raqulra— ata tor largo alsa tllapla. Jaua— y aad >o0—
(1983) raooa— adad 909 protala, 409 protala aad 30-389
protala tor try - 0.9g. 0.8-10g aad 10-30g tlak,
raapaotiwoly. Tkay addad tkat tka optlaua protala laval
tor tllapl- 1la aaoa— ot 38g h— vyat. to ba aatabliahad
but It la Ilkaly to ba la tka rogl— ot 399.
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e.a Tffc« - A—

XMd* (10eS) r«port«d that although aaay faotora
affact mmmnnla toxlolty, a aubjaot which will ha
dlaocouaaad ta aora datall la tha aaxt aaotloa, tha affaot
of aaaoala dapaada largaly oa axposura, which la a
fuaotloa of axeratloa or aaaoala produetloa by tha flah
thaaaalvaa (@aaualng eoaataat aourca watar quality aad
raarlag ayataa axehaaga rataa>. Thua, ha ooaeludad that
aathoda of pradlotlag aaaoala produetloa ara laportaat.
AHoala aaeratloa la lafluaaead by aaay faotora, of which
protala lataka la probably tha aoat laportaat. Paulaon
<10A0> fouad that altrogaa coaau~tloa waa by far tha

aoat l1Mortaat factor lafluaaolag aaaoala aaeratloa.

Tha ralatloaahlp batwaaa protala lataka aad aaaoala
aaoratloa has baaa atudlad for ralabow trout <Baaalah aad
Thoaaa, 1M4] Cauahlk. 1080), Buropaaa aal <Sagaal at.
al_, 1988; Kalghta, 1980), carp <Kauahlk, 1980) aad cod
CLald aad Brattaa, 1984). Bo atudy oa thla ralatloaahlp
la awallabla yat for tllapla.

Tha subjaot of aasoala axoratloa Itaalf Ila
oo™l loatad by two factors. First, ths fact that aasoala
orlglaataa at two dlffaraat sltas. Som asaoala Is
produoad from praouraors la tha llvar, traasportad by tha
blood to tha gills, aad allalaatad lato tha aawlroBMat.

Still aaothar portloa orlglaatas froa daaslaatloa of



pIMaft malva Mida im tha (111 tlasua. (Moadljr, tha
fera ot aaaoala aaoratad. «Aatbar (Ha ar nU** or both la
aot oartala. Two thaorlaa axlata tor raacaal of aaaoala
at tha (lili <1> Mtlaa traaaport of nu-*. whleh takaa
plaoa hjr loa aaohaaga wlth a alallarljr ehargad apaolaa la
tha axtaraal aavlroaalati aad (11) paaolva traaapmrt

(diffualoa) of IHa (Spotta. 197B>.

Xt la Mt lataadad la thla atudp to olarlfy whara
or how OMoala la orlglaatad ar aaoratad. Tha raaaoa for
thla la ocaoa "aaaoala* la aaoratad Ita praaaaoa la watar
wlll aot ha affMtad althar bp Ita orlgla or hp Ita
aaoratad fora, but bp tha phpaloal aad ohaatoal
oharMtarlatloa of tha aatar. Thla wlll ba dlaocuaaad la

aora datall la tha aaat aMtloa.

Baaldaa protala lataka thara ara aaap othar faotora

that affMt aaaoala aaoratloa rata. Thaaa faotora oaa ba

elaaalflad m: autritloaal. aarlroaaaatal, aad
phpalologloal .
X. gatritloaal Paotora<

Aaaoala produotloa la dirMtlp ralatad to tha rata
of protala oatabellaa <Vaarda, 1963) aad. tharafora,
thoaa faotora affMtlag protala oatabollaa ara llkalp to

affMt aaaoala produotloa.



<1> Protei» QiMIIt/i

Forotar and Ooldataia (1900) rapertad that If tha
ooaatltuaat aalao acida ai tte protala ara poorly
telaaoad la ralatloa to growth, daaaiaatloa ooeura with
aaoratloa of altrogaa, aalaly aa OMoala aad uraa aoroaa
tha gllla. Purtharaora, Spaaahof ot. al. <19as> raportad
that aaaocala-altrogaa ooaoaatratloa la tha blood of
ralabow trout Ulaoraaaaa ooaaldarably aftar faadlag oa

low-quallty diate.

<&  Protelat atlot
Athartoa Altkaa (1970) fouad that tha
afflolaacy of altrogaa utlliaatloa dapoadad tha fat

ooatoat of tha dlat. Faadlag a low fat dlat a ralatlraly

larga jat of lagaatad protela li itad

urgy mut whaa a high fat dlat la uaad,
tha paroaataga of tha altrogaa lataka for growth
graatly laor with a ooaooBltaat daer of la
aaoratloa. Syohly <1990) raportad that altrogaa
maeratloa, «rad aaaamla, iaoraaaad with

lacraaalag protala aad daon mlag oarbohydrate ooatoat of
tha dlat. Kauahlk aad Tali  (1968) fouad a daor la
sratioa with laoraaalag tha dlgaatlbla
oarbohydrataa la tha dlat. laaulta obtelaad by Laid
ftrattaa (1984) auggaatad that tha total aaouat of aaai mla
aaoratloa dapaada oa Pii ratio la Atlaatio ood thara

to ba aa optli PiB ratio.
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<3> »eedlBe

<IMa> quet*d tbat not caljr dl«t eoapoaltlen
but alae fMdlas r«slai 1« < I»y la oaXoulatlo* ot
,~nnli proAuotton. BaeauM of It« ralatloBshtp ta
faaiilnji mamaiXm eaoratlm rata* fluotuata drastloally.
Bratt «Mi* Sala <1979) sbowad that 4-4.8 hrs aftar
tMdIBg, aaaoala aisoratloa by Sookaya aalaoa laoraaaaA to
oaar 400» of pra-faadla* latrai, abara tbha pra-faaOlas
lavai aas aquivalaat te tba oonataat axoratlon lavai fer
etarvad flab. Maada <19S8> quotad alao that dally
ieedlag aobadula, or dlatributioa of foed wltb tiaa, bao
e aijor affaet on paak ooaocaatratloao of moannla.
Coavaraaljr, at a glvan dally dlat aaouat, dlatributioa
aobadula bao littla or ao affat oa total dolly aaooala
produetioa. Parkar and Savia (1061) quotad tbat aavala
produotioa boa boaa abowa to ba quaatitativaly ralatad to
aaouat of food aataa aad taaporally ralatad to faodlas
tiaa. Kauabik (1960) fouad tbat tba diffaraaeaa la dolly
pattarao of aitresaa aaorotiea ratea ara aot oaly dua to
faadias lavai but aloo te iabaraat adoptiva aaoboaiaao

aftar a obaafe la foadiag rbytba.

XX. maviroaaaatal VOetorat
<> TO”araturat

Paulooa (1000) rapertad tbat moannla aaoratioa rata
la affaotad by votar taaparatura. Tha ralatlva

ooatributioe of tba diffaraat food aubatrataa to aaargy
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preduetloB !e blbo tB<lu«Bo*d by tBa”ratur* atfaptatloB.
Ouriac BoellmtioB to low tooporoturoo, tbo rolatlwo
oopooity Qit tho BBIBBI fOT lipid OXldotlOB 10 iBOTOBOOd,
Mbllo eorbohydroto oxldotloB lo uaohaasod CVoardo, 1M3>.
Thoroloro, Hlowor m— nnlo productlOB at low to”™oraturo
raflaoto tbo lower utlll*atloa of protola aad tba higher

ooBtrlbutloB of lipid BO aa eaergy eouroe.

<@ QiTgeai

Eutty <1972) oboerwed that a lowerlag of oxygea
ooBtaat la the earlroaasat did aot deoreaae aaaoala
eaoretloB la H iMITir"— Thillart aad Eaebekl <1979)
also fouad aaaoala exoretloa rata to be «o”™lataly
ladapaadeat of oxygea availability la goldfish. <Ck
aueatua) . Thus, Vaarda, <1933) ouggeeted the exlstsaoa
of a quaatltatlvely lapa*taat aaaeroblo axBoala-produolag
systoa la goldfish. Ho quoted aloe that body
oarbohydrate aeeae to be used as aa aaaeroblo oubotrata.
both durlag eavlroaxeatal oxygea defloleaoy aad durlag

tissue aaoxla aa a ooaaequeaoe of a aovare work load.

<3> aaiiBityi

yiisre la ao data available oa the effect of
aallalty oa aaaoala exeretloa. However, It haa beea
Botload that aallalty aay affeot tha overall altrogea
partltlealag aad aubaequeatly aaaoala exoretloa. For

exa™le, Kalghta <193S> werklag with Huropaaa eel <A

Vv
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found that uro* nltroson oxorotloa lo hlghor in
froah Mntor than in oaa Matar. Ba raportad alao that
protaln produotlaa valta (laoraaaa la body protaln
dlvldad by protala Intaka) la allghtly lowar la fraah
Matar <00-70*) than la aaa untar (70-00%) indicating
loMar altrogaa aaoratlon la aaa Matar. Thaaa raaulta dOi
hoMavar, ligcly that protaln rataatloa la ganarally low la

fraah Matar la aal.

<> diMaat daaoalai

Olaon and Prona <1071) quotad that aablaat aanonla
aaana to affaet tha noraal annoala production rata,
mxpoaura of flah to aaaoala aolutlona ganarally ralaaa
tha blood aaaoala lavala (Proaa and Ollatta, 1000) althar
dua to aaaocala rataatloa la tha flah or by aatry of
aaaonla froa tha axtarnal aadlua raaultlng la a raductlon

la ovarall aaaonla axoratloa (Haywood, 1003).

111. Fhyalologloal Paotorai
d> Pi~ aixat

Paulaoa (1000) found that flah alza affacta aaaocala
aaoratloa. Largar flah axcrata allghtly laaa aaaonla
than anali flahaa. Thla la probably dua to changaa la
nitrera budgata with aga bacauaa of Tfalling protala

raqulraaant for growth aa flah natura (Knlghta, 100S).
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<& Flak laaltkt

CaultoB <1078) raportad that haalthy t
uttllsa Itpld aa a aajor aaargy aourea, Mharaaa noa-
haalthy flah (dlaaaaa waa not apaelftad) tand to utiliza

protaln aa aa aaargy aouroa.

<S> Flak kotlzltyi

Kutty <1M1> worklag with " e fouad out
that abort tara aad loag tara altrogaa azoratloa ara
hlghar at hlghar awlaalag apaad thaa at low awlMlag
apaad. Furtharaora, altrogaa <hoth aaaoala altrogaa aad
total altrogaa) axcratloa laoraaaad aarkadly with* tha
duratloa at axarolaa. This la aalaly baecauaa at high
flah activity rata a larga part of aaargy ooasui”™>tloa la
flah la oovarad by protala eatabollaa (Vaarda, 1083). Ha
addad that uadar aueh aa aaroble ooadltloas, aaaoala
orlglaatas aalaly la tha llvar by traasdaaalaatloa aad
tha hydrolysla of aalao groupa, whlla aa addltloaal
quaatlty la foraad la warklag akalatal auaclaa by purlaa

auolaotlda oyollag.

<4> Data Avallabla oa Tllaplat

>0 data ara avallabia yat oa tha affaot of protala
<or food) Ulataka oa aaaoala axeratloa for tllapla.
Bowavar. thara la laforaatloa avallabla oa tha aaaoala

axoratloa rata with rafaraaoa to akblaat oxygaa lavai

\
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(Kutty, 1973)t hypoxia and raoovary 1iPaar and Kutty,
iIM1>, and flah aotlvity <Kutty, 1M1>.

6.3

Za 1iataaalaa aquaoultura aoaa of tha aatabollo
produots that aalaala ralaaca lato tha oatar ara diraotly
toxlot wharaaa othara baooaa toxlo tbrough tha aotlrltlaa
of aloro-argaalaaa <8potta. 1976>. Tha aata aatabollo
produota ara aanala, wuraa, urlo aold, aad oarhoa
dlexlda. Of all thaaa aaaocala haa apaelal laportaaoa.
dHoala 1la kaowa to ha a toxlo ooi”owad to flah
<Alabaatar aad Lloyd, 1960; 8aart, 1961; Colt aad
Araatroac, 19611 Baywood, 1963). Spotta <1979> raportad
that aaaoala 1o tha aoat Ilathal fora of laorgaalo
altrogaa produoad la aquarlua watar. Tha toxlty of
aaaocala to flah haa baaa ravlawad by Spotta <1979>|
Vloklaa <1981>{ Saart (1981>; Colt aad Araatroas
<19SI>t Eayaood <1933); aad raoaatly Maada <1968).
Thora lo a gaaaral agraaaaat la thaaa rarlaMa oa tha
adToraa affaot oa flah growth rata at auh-lathal laaala

of aaaocala.

Tha othar orgaalo altrogaaoua waataa ara aot kaowa
to ba diraotly toxlo to flah or at loaat ara apparaatly
aot toxlo at tha laaala thay ara aaoratad. Thua, Colt
aad Araatroag <1961) raportad that uraa la aoa-toxlo to

aquatlo aalaala at tha ooaoaatratloaa praaaat la oultuara
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myatAM. Eotwvar, Spott* <1079> dlaouMlag tha Bltrogaa
ojola ib Bquarluaa quotad that aay BltrogaBoua ori”Blo
Hittar OBB ba ladlraotly toxio bacauaa It aay potaBttally
ba brokBB dowB to axaoBla. Furtharaora, Colt BBd
ArMtroBg (1M1> raportad tbat altbougb uraa la aoB-toxio
to aquatle aBlxala at tha eoBoaatratloBa praaaBt Ib
cultura ayataaa, It cbb ba rapldly bydrolyaad to aaaoBla
BBd oarboB dloxlda. OaBarally, aaaoBla-BttrogaB
eoBatltutaa about 00-00« of total- BltrogaB axoratad Ib
flabaa (Bratt BBd Orovaa, 1070). Oa balaBoa, howavar, It
eeega that aaaoBla auxa up aoat o7 tba advaraa allact ol

tba BitrogBBOua waataa Ib watar.

Bafora axplalBIBg tba Batura of tba aaaoBla-growtb
ralatloaablp tt abould ba Botad thbat aaaoBia axlata Ib
Matar Ib tao foraai loBlaad aad fraa or ub-
loBiaad <BHa> axBOBla. Tha ralatlOBablp batwaaa tba tMO
tonm la daaerlbad Ib tba followlBg raaetloB: (KoraaBlk
BBd CaaaroBt 1061) IBa * HaO <m> mR<™*™ "M 0B~.

Tha bydrolyala of IB«" Ib aatural Matara baa a pK
valta of about 0, ao tbat tba paroaataga of la.* Ila
alMaya graatar tbaa tba paroaataga of fraa aaaaala. Tha
bydrolyala of BE>* la affaotad aalBly by pB, tai”ratura,
BBd aallalty, wltb pB axartlag tba graataat affaot. Ab
Innraaaa of osa ualt of pB cauaaa tba paroaataga of fraa

aaaoala to iBoraaaa approxlaataly 10 fold. Balalag

\Y
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t*ap«ratur* mad d*er*Mlag MITAIty oau«M ajob rakIlIAr
,jaor«MM CSpott*. 1079). Th* laportano* at this
diIfffr«ntlatlOB !e that Moh fora of eaaoala appoara to
aaart a dIffaraat laval of toxlelty. In aarllar atudlaa,
only IHa ana ooaaldarad tonlo <aaa, mg Tabata, 1902),
but, meant papam bava auggaatad that IK*- la alao
toxic. Thua, Thburaton at. al. (1981) ooncludad that IR«-
la toxlo to a aanll but daflnabla dagraa and that IHs la
300-400 tIBM aa toxlo aa IB«"". Furtbaraora, VIIIIngbaa
at. al. <1079) quotad: that avan If FH«- la ona to two
ordam of aagnltuda laaa toxlo than |IHs, FB.* la
(uauvally) praaant at eoncantratlona ona to tuo ordara of
aagnltuda graatar than FH«. Thua, It algbt ba axpaotad

that both foraa of aaaonla algbt axart an affaet.

Faotora Affaotlag baaocala Toxloltyt
I WnFlrnnaaatal Faotorat
<> pit

Tbla la parbapa tba fundaaantal contributing factor
<aaa ag, Bowar 8 Bldwaxl, 1978). Qanarally a mduotlon
In tha pB of Matar raaulta In a ablft In tba FBsiBB3»™*”
aqulllbrlua townrda tba B**~, raaultlng In a daoraaaa of
BBa. Spotta (1070> quotad that wltb aa Inem aaa la ona
pB unit tba BBis fraction will laoraaaa 10-fold. Bowavar,
aa atatad aarllar, FH« contribution doaa not ooaplataljr
daaorlba toxlolty. Thua, Tburatoa at. al. <1981) notad
that at laaat flwa raoant atudlaa Indloatad that tba rola

Vv
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of pH iB aaaoalB toxiotty la aora algalfioaBt than that
of ooatrolliag tha aqulllbrlua batwaaa nu and mB«*.
Thay eoaoludad from tbalr raauXta la rainbow trout and
fathaad alBOwa that IH<*~ la toxlo or that laoraaaad B*
ooBoantratton Ineraaaaa IBs toxlolty. Balow BOag/l« of
total aMMBla tha affaot of m«" toxlolty waa nagltglbla.
Proa thalr raaulta thay apaoulatad that IK* la 300-400

tlaaa aa toxic aa BR«™.

<a>  Taaparaturai

A raduetloB iIn taaparatura radueaa tha fraction of
RRa praaant and hanoa tha owarall toxicity <Raywood,
10S3>. RaductlOB in tai”ratura haa alao baan ahown to
affact tha tolaranca and auaoaptibility of flah to
otraaa. Rowarar, raducad taaparatura waa ahown to
iBoraaaa tha affact of aawBla toxicity, apaclally for
valuaa balow tha growth optiaua (Colt and Tohobanogloua,
1978: Thuraton and Ruaao, 1083). Raywood <1083>
concludad that aaxiaua tolaranoa of aoat apaelaa to
aaaonia 1a found batwaan 10 and 20«C, aoat probably dua
to thia baing tha optiaal taaparatura ranga for aoat

oold-watar talaoat flahaa.

0> anlialtyt
Aaaonia toxicity incraaaaa, in rainbow trout, aa
aallnity aithar Inoraaaaa or daeraaaaa froa a

conoantratioa rcMighly laotonic with blood (RIFAC, 1070).
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Lloyd and Orr <1900) auggaatad that any aavtroaaaatal
factor that affaota watar balaaoca alao affaota mmanlla
tolaraaea. Tnaaaan at. al. <1080) found that an Inoraaaa
la aaTlronaantal oalolua laoraaaaa tolaraaoca to aaaoBla.
Colt at. al. <1079) atatad that thara waa no avldanea
that auhlathal affaota of aaaonla wara dua aolaly to tha
mHa fraction, and apaeulatad that, on tha contrary,
aublathal affacta aay ba ralatad to and adblant Mtr
oonoantratlona. Tha ralatlonahlp batanan aasonla
tomolty and aallnlty la not olaar yat and aora work la
raqulrad to clarify tha Influanoa of Ka', aa wall aa
taaparatura, pH, COa and alkalinity on aaaonla toxicity

(Itoach, 1939>.

<4> 00 and QOtat

Tha affaota of varying ooaoantratlona of both DO
and COa ara obvloualy ralatad (Haywood, 1933>. Downing
and Markina <19SS> daaonatratad an Invaraa relation
batwaan toxicity of aaaonla and DO oonoantratlon. Lloyd
(1901) atatad that aa oxygan oonoantratlon of tha watar
la raduoad, tha ooneantratlon of axoratad COa at tha gill
aurfaca la alao raduoad and tha pH valta of tha watar at
thla aurfaoa rlaaa, raaultlng la aa apparent inoraaaa In
aaaoala toxlolty. On tha other hand dapraaalon of pH at
tha gill aurfaoa, froa <¢s axoratlon, aay raault In tha

aotual aaHonla axpoaura oonoeatratlon In high pH watar



balag auwoli lotMr eoBoaatratloa of tha

bulk Nutar.

XX. n~alolasloal Wmataemt
<> FIA 8lsa<

Kaada <1M5) raportad that tha atart-oX-faadtng
IIfa ataga la tha partad of htgbaat aanaia aanaltlvity,
and aotad that lata alaalna aad aaw trj ara auoh aora
aanaltlaa to aaaoala than agga or davaloplag alaalaa.
Larga ralabow trout, ovar 2kg, ara aora vulaarabla thaa
aaall trout, 20-300g, to aoutaljr toxlc aaaoala lavala
<Thuratoa at. al., IMI).

(2> Aoollaatloa aad Straaai

Aoollaatloa to low lavala ot aaaoala laoraaaaa
raalataaea to lathal lavala for ralaboa trout, a,,
galrdaam aioyd aad Orr, 1900; Thuratoa, at. al.,
loei); aad Q. auraua <Kaadar aad Stlokaay, 1070>.
Howovar, Lloyd aad Orr <1009) atatad that tha affact haa
oaly baaa obaarvad to laat for 2-S daya aad la loat aftar
3 daya. High aalaalag apaada or axartloa, aa wall aa
ehaadllag atraaa, aay affaot raalataaoa to aaaocala

toxlolty OIFAC, 1970).

XXX. nata Availabla oa Tilaplai
Tha papar of Sandar aad Stlokaay <1979) oa Q-

Miraus aj”aara to ba tha oaly publlahad Iltaratura
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epacttloalljr on naMontn tnclolty for tilnpln. Otbor
rolomnt studios nrs bsssd on ths oulturs of tlinpln In
rseiroulnttng systsss <Otts nnd Kossnthnl. 1979). lons
of tks nbous studios wss dsslgnsd to svnlunts lon( tors

offoet of dlfforont ossonlo lorols.

[ Qooorol PmtiMMinl taw

grnifta rsistifiMlilpt.

To study this oosplox rolntlsnshlp within o singlo
oxporlaontnl proooduro Is difficult, boeouso of tho
Intorrolntlonshlp botwoon thoso throo pnrnsotors and tho
ooaplon offoet of ooch porosotor os tho othor two. Is
ordor to slspllfy tho opproooh In studying this
rolntlosshlp It wns doeldod to dlwldo It Tfirst Into
slaplor sub-rolotlonshlps ns follows: <1> Protoln
Intnko-growth rolntlonshlp, <11> protoln Intnko-nssonln
osorotlos rolntlosshlp, nsd <111) nasosln-growth
rolntlonshlp <71g 1.1). Bnch rolntlonshlp Is to bo
studlod for two fish slsos, eorrospcmding to Juwonlllo

nsd n*lt slsos.

Studying tho offoet of protols Intnko os both
growth nsd ossnnln oxorotlos Is oosplox Is thnt protoln
utlllsntlos Is nffoetod by assy footers, tho aost
I"Mrtnnt of which nro Frotais quality Cnalno nolds
profile): total onorgy lawal la tho dlot <protola:oasrgy

ratio); nnd fsodlng rato.
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Tb* aubjaot ot «tudytac dl«tary protala r«qulraMat

In tlab MM r«Tt«Nnd bj Tnoon nad Cownmjr (1IM8> wbo

MiggMtad tbnt:

<i>

<11>

(i)

a lipld-axtraotad flab anni or Ilpld aztraotad flab
Buaela abould ba uaad aa a ataadard rafaraaoa
protala. Tbla la bacauaa ef tba oloaa alatlarltx
batwaaa tba diatary aaaantlal «alno acida (BAA>
raqulraaant of fiabaa and tba BAA profila of flab
auaola/eareaaa.

Tarylag botb protala and aaargy lamia of tba dlat
la aa afflolaat procedura only Ifaadlua lavala ef
botb protala and noa-protaln aaargy aourcaa ara
uaad la tba dlat. At vary low and vary blgh

dlatary protala lavala varlatlon la tba

aatabollaabla aaargy lavala ara aot avoldabla.
Thla la partloularly trua If a loa-dlgaatlbla
earbobydrata aouroa la uaad to produca lao-ealerle
dlat.

Dlatary protala raqulraaant canaot ba aada ualaaa a
aarlaa of dIffaraat faadlag lavala ara taatad ao aa
to allolt a naalauB growtb raaponaa. Thla la
aalaly baocauaa of tba Invaraa ralatlon™lp batuaaa

dlatary protala lavai and faadlag rata.

la ooaolualoa, tbaaa orltarla «ara oonaldarad aa

tha baale guldallaa for daflalaff tba optlaua dlatary

protala ragulraaant la tbla atudy.
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Till« ohaptar oorar« tlw baalo aatliodolaBl«« and
taobalqua« uaad la this study. Aay aodtfloatlons on
this standard tsehnlqus, as rsqutrsd tor osrtaln
enpsrtaaats, will bs saatloasd latsr at tbs rsspsetlvs

ohaptsr.

1 lipTldaafl gtnniM

Fry ot nmmf-to=mim  »y«l M*rs Originally
iaportad froa Ksnya to Kuwait in 1082. Slaoa than thay
havs bssn brad and oulturad in tha Knrioultura and
Fisbariaa Dapartsant OF0) of Kuwait lastltuta for
Soiantiflo Basaarch <KI8S>. 4 aaapla froa tha original
stock was aaalysad by tha Univarsity of Stirling to
ohaok tha purity of tha strain. “Tha aaino sold profila
Indieatad that tha iigmrtad fish was m

mpiiurtia wpiimn» <Kavin Bopklns, pars. coaa>.

For aaaonia toxicity tasts tha larga fish uaad
during tha auaaar of 198S warn drawn froa tha original
laportad stock. Tha saall fish rapraasntsd tha Fi
gsasratlon which wars spawaad in 1084 by aaall spawnars

(about 100g bw> in thair first spawning sanson.

Ths fish uvaad la tha growth and aaaonia axoratlon
studios wars also froa ths Fi gansratlon of tha original
laportad stock. Thosa flahas wars spawnad by larga

spawnars (>200g bw> in 1088 during thair aacoad spawning
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MMOB . Thl« FiI «took MM spAwaBd by dtffBrBBt group*
of parBBt* bald la dIfforoat taaks aftor wbloh tba fry
Mara alxad togatbar. Spawalag of tba broodatook mm
oarriad out oaly during tba auBMr tlaa <Aprll -
SaptaMar) by oollaotlag tbha agga and tba batobad fry
froa tba aoutbs of tba broodatook on a «wakly bMla.
During tba auaaar of 1060 tbla Pi atoek, wbleb attalnad
an aramga alaa of 30g, Mora uaad In both growth and
aaaoBla aaoratlon axparlaanta. By.tba and of tboaa tMo
trlala tba aaaa flab Mara oollaotad togatbar

ovarwintarad and radlatrlbutad In tba auaaar of 1067 for
uaa M larga tllapla In both growth and aaaonla

aaoratlOB aaparlaanta.

<2> Aoollantloa to Sna Vbtars

Aa a ganaral prooadura broodatook wara apawnad and
fry batobad In braoklabwatar of a aallnlty 3-8 ppt.
Aeellantlon mm .oarriad out In 8~ flbraglaM tank by a
batob wntar obanga, InoraMlag aallnlty 8 ppt dally.
During tba aoollantlon parlod tba 1,300 flab wara kapt
In atatlo wntar. Onoa tba aallnlty raaobad full
atrangtb <36ppt> tba flab wara kapt In running aaa wntar
at an araraga flow rata of 101/7aln. Tha Ma watar mm
puapad froa *mn walla with tba following
obaraotarlatloai aallnlty > 36ppt] pH = 7.6 and
dlaMlvad oaygan « 4.8 ppm. Horanlly tba flab wara
aoollantad to aM wntar at 3-8 aontba aga <8-30g bw>.

Vv
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During thn koldIng pnrlod tbn flab wnm fnd on TniNnanan
origin tilnpin food (about 40« protain). Thia food mm
randilp aooaptad bp tilapin in both braokiah-and aaa

uatar aa wall aa bp tha aaa braaa oulturad at KI8K.

(& Boldly aymtmm

All axpariaanta warn parforaad in BV06 SOOI tanka.
Thaaa flbraglaaa tanka bara a diaanaion ot la x la x
0.Sa daap with a eantral au” eonnactad to a 2" atand
pipa. Saa untar wm puapad tram a aaa wall. Baob tank
waa auppliad with «* PTC ball valva aa a watar Inlat.
Aaration waa provldad bp a Soa air atonaa at a rata of
IL/aia. Air waa auppliad bp a oantrallaad blowar wblob
mppliaa air to tha wbola KPD atation. Figura 2.1 abowa
tha baale tank daalgn uaad in tbla atudp. All pipaa,
ralvaa, fittinga uaad wara aada of PTC axoapt aaration
ragulator valvaa and tbair raduoara whiob wara aada froa
braaa and ataal, raapaotivalp. Plow rataa, aaration
rataa, and atoek danaitiaa wara adjuatad aa raquirad for

tha axpariaantal oonditiona (daaoribad latar>.

Tha wbola axpariaantal araa waa ailtuatad In a
larga flbraglaaa-roofad graanbouaa. All axpariaantal
tanka wara oovarad bp a eaga nata to avoid flab Juaping.-
Turtbar abada nata wara plaoad about 2a abova tba tanka
to loiwr tba bright aunligbt during aunaar tiaa. All

eopariaanta wara parforaad during tba auaaar aaaaon

Vv
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(Aprll - Bapt«ab«r> wIMa «atar taaparatur* varlM
b«t«w«Ma 34-33". Durine wlatnr Manon tbn wholn
atook MS knpt In oa* SaP flbraglaM tank wlth runalag

mmm watar, at aa aMraga taaparatura of 13-31«C.

At «Fiatar holding parloda tha flah «ara fad oa tha
Tal«MAaM tllapla pallata at a dally rata of 1.9-0.S%
btf/d for anali <30g> and larga <100g> flah,
raapaotlaaly. Durlng thla parlod tha flah «ara aot
handlad at all.

<4> Paad PorMlatloa and Praaaatatloat
<1> Balaotloa of Paad lagradlaatai

Vhita flah aaal Mas uMd aa a protala aourea la
thla atudy, aa auggaatad by Tacon and Coway <198S>. A
alxtura of ood Usar oli and oom oli saa uaad to aupply
tha aanaMary Ilpld. Although It haa bMn raportad that
SOM tllapla, Mieh aa Tiispis ztiii. raqulra only a-0
fatty acida charactarlatlc of yagatabla olla (Kaaaaa«at,
at. al., 1030; Itatanaba, 1933), It Mas antlclpatad that
la tha asa ««tar cultura condltlona of thla atudy fatty
aold raqulraMata alght changa. Caatall <1079) raportad
that tha MIt-«<atar anvlronMnt raaulta la a aora
criticai raqulraMnt for fatty acida of tha a-3 Mrlaa
<typlcal of flah oli). Thua a alxtura of sagatabla oli
and flah oli la uaad, aa raooaMndad by nc (1933) for

tmrm-tmtmr talaoata.
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CerbohTdratM *mrm «upplled tram dextrla. wbloh
eubstltutM flah MMI1 to produo« t«o-o«lorlflc dl«to,
«ad «tareb. Tltaalaa «ad ««lib« M«t«r alaaral atatur««
«ime«t«(l tp Jauvaoap «ad Som <1962> for tllapl* w«r«
u«d. Vh««t alddllag« «M uMd «« a bulklag «gaat for

tha «ltaala atatura.

<11> Salaotloa of lagradlaat Lavai <St

Baiarla «ad Ballar <1962) auggaatad tha uaa of
protala lavala batwaaa 29 to 39% for fattaalag of
tllapla la teak cultura ayataaa. Slallarly, Jauaocay «ad
Boaa <1M2> raooaaaadad 30% protala for tllapla largar
thaa 399. Tharafora a 30-39% protala was aalaetad as a
aadlaa laval. Bor 30g O- «piiurua 29, 39 aad 4%
protala dlata wara tastad, t~la for 200g flsk 20, 30
aad 40% protala dlata wara uaad.

Tllapla dar aot appaar to utilisa klgk lavala of
dlatary |llplda aa «ffaotlvaly aa aalaoalda or oarp
(Javaoap aad Boaa, 1982). Tkoaa authors suggastad
lavala batMoaa 10-9% aa optlaal for aaxlalslog protala
utlllsatloa for groath. Tharafora, 10% Ilpld vaa uaad
for aaall n. ap-tiuTu. akaraas a 0% llpld aas appllad

for tba largar flab.

It appaara tbat tbara la ao spaolflo raqulraaaat

for dlatarp oarbobpdrata, aa flab ara oapabla of
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my&thMIsIBS oarbohTdratM irou both dlatary protal» and
dlatary Ilpld aouroM <J(iiiowy aad lom , 10A2>.
Tharafora, daxtrla Maa uaad to raplaoa protata coaponaat
of tha ttah aaal la aa attaapt to produoa Iso-oalorlflo
dlata. Thus, tka Pil ratlo of tha dlata tastad raagad
froa S1.4 to SO.0ag protala/Keal. Tha dtat oo”oaltloa
uaad wlth saall aad larga o. aptiuru» ara showa la

tablaa 1 aad 2, raapaetlvaly.

CB> Faad Praparatloat

All faad lagradlaata, aaoapt vltaataa, alaarala
aad oli, Mara alxad ftrat la a bowl alear <Baar
varlalaar - 1100) of SOkg oapaolty for 20 ala. For
alalag Tltaalas, alaarala aad oli a aaall aaouat <appraa
lkg) of thla dry ala waa addad to aaoh ooapoaaat
aaparataly. Thaaa thraa batehaa wara thaa aaparataly
alead uslag a doubla o0oaa alear (Brook Croaptoa
Parklasoa Motora) for 1S ala. Aftar tbat thay wara
addad alowly to tha aala batoh of dry alead lagradlaata
la tha bowl alear aad alead agala for 20 ala. Vatar waa
thaa addad alowly uatll a atlff dough la foraad Capproe
2S watar). Tha dough waa thaa alaoad la aa alaotrloal
alacar (Harbart - 4812), ualag a 2aa dia for aaall flah
dlata aad a 4aa dia for tha larga flah. Tha apaghattl
Ilka alead faad waa drlad la aa ovaa at 807 ovaralght,
aad thaa brokaa by haad, alavad aad paokad aa pallata la
plaatlo baga. A total of 28kg of aaoh dlat waa



pr«p*r«d. Tha feeds were stored ell the tlse Is e oold-

roos et -4 until use.

<e> Peed end Pish Prosisete dasljslsi

Peed end Ffish seaples were eselysed et the
besIBBIng of esoh growth trlel. For feed eselysls
rmsdos sesples from the pellete were collected esd then
slsoed Is es eleotrioel slsoer. The powder six wee then
dried ovemlghtls en eleotrlcel oven at 00~. The feed
eesples were then kept In plastic bags inside a dosestlo

fridge until asslysls.

Fish eagles for prozlsete tedy analysis were
first frosen In a dosestle deep freese (-4). VIthin
one week the frosen fish were chopped Into eanll pieces
syi Blsoed In an eleotrloal slncsr with a ass die. The
Blnoed fish aast was then dried In e freese-dryer (VSw
Bruaswlok Solentlflo V-13). The dry fish sables ware
than kept In plsstlo bags inside a dosestlc fridge until

analysis.

Ands protein wns snasured by Kaoro-KJeldahl
prooedure using open KJeldahl eppemtus 'Lebcono* <aodel
aiasa-05). The senple was digested Tfirst with
oonoentrated Ssflo« la the presence of e catalyst
(BesaObiCudOi slsed at a ratio of 10tl>. The sa”~le wns

thsn distilled for about 2 hrs la the presence of sino
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and IkOa. Tkd etraporatad aaamla aaa tkaa oollaetad la
a aoal ot 0.1X tarlo aoid. Finally titration ana
oarrlad out with O.IF FCIL. Cruda protaln paroant was
oaloulatad aat 14.007 n 100 x 0.1 x0.S8 x m ot
XCl/aa”la walght la ag.

Cruda lipid waa aaaaurad by axtraotlon with athar
(Laboono goldflak fat axtraotlon apparatua - SSOOI).
Lipid paroaat waa oaloulatad aai <yiaal baakar walght -
Initial baakar walght/Inltlal baakar walght) x 100.
Cruda aah waa aaaaurad by haatlag at 300~ owaralght,
and Ita paroaataga waa oaleulatad aa: <Flaal aaapla
walght - Initial aaapla walght/Initial aaapla walght) Xx
100. Oroaa aaargy waa oaloulatad aa: S.0S, 9.4S and
4.10 Xoal/g for protaln, lipid and oartahydrata,

raapaotiwaly.

(> Dlgaatlblllty Taata<

Oua to tha problaaa of quantitativa faaoaa
oollaotlon, aoat dlgaatlblllty atudlaa on flah hava uaad
an Indlraot aathod whloh utllIxaa an Indloator or
rafaranoa aubatanoa la tha dlat. ldaally, Indloatora
ahould ba totally Indlgantlbla and ba avaouatad at tha
aaaa rata aa tha othar gut oontanta. Chroalo oxlda
(Ca0a, whloh la uaad la thla atudy, la tha aoat ooaaoaly
uaad axtamal ladloator autataaoca for flah dlgaatiblllty
tnala (Talbot, IMS).
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Bjr th* «ad of thm growth «xporlIMat« of raall oad
largo fioh, tho Ffish waro kapt la tbo taako for a
furthar 10 daps durtag which tha faaoos wara oollaotad
on two oooaaloaa for ohrc»lo oxlda aaalyala. For faacaa
oollaetloa tha flah wara aaaaathatlsad flrat with 9 ppa
qulaaldlaa aad than faaeao wara atrlppad out by hand.
Tha two batohaa of faaocaa wara than alxad togathar. For
largo o. apiiurua. booavao of aaall faeal aattar
oollaotad, tho faaeaa produocad by aaoh dlat for all
faadlng rataa wara groupad togothar. Cho and Kauahlk
<10dS) raportad that dlgaatlblllty coafflclanta ara
lIittlo affaotad by blotlo and abiotic factora and thaaa
ooafflolant raluaa of Individual Ingradlanta can ba
aaauaad to ba addltlva ao that t~ final oontant of
dlgaatlbla protaln aad aaargy In tha dlata can ba
pradlotad.

Tha oollaotad faocal aattar was drlad la tha ovan
at 00~ for ovaralght, and atorad In a plaatlo bag In
tha frldga until analyala. Tha total nltrogan and
ohroalo oxlda aaalyala of tha faacaa wara oarrlad out by
tha oantral analytical laboratory of KISK. For total
nltrogon tha aaapla waa oxldlaad at 9SO0"C la a CHF
analyoar, aodal CSV - lapld, Baraaua. Tha I1lbratad 10a
waa dataotad by a tharaal oonduotlvity dataotor which

glvaa algnala proportional to tha nltrogan onldlaad.






Tabla 1 Tka Coapoaitt

CL-apULurua

t ot ProtalB
Vblta ftah aaal
Xlural alx#
vttaala ala#
Carbozyaathjrloal luloaa
Chroale oxida
Cora oli

Cod librar oli
Stareb

Oaxtrla
Calluloaa

Total

TToxiaata Aaaly”e ot 1
Analyaad Coapoaaata
Cruda Frotala <)

Bthar Bxtraot <>
Aab <o
Carbohydrataa (>

Ftl ratto

<ai protaiasKoal)
Oroaa laargy (Koal/g)

* Byr dlffaraaoa

at Diate
39 39
0. 39 99.00
3.9S 3.19
3.00 3.00
3.00 3.00
0.90 0.90
4.00 4.00
4.04 3.07
4.47 4.30
33.00 33.00
7.99 4.43
100.00 100.00
riaaatel Diate
39 39
34.04 34.44
7.09 9.17
1.93 4.93
99.99 93.97
91.4 70.7
4.99 4.97

# Aa apaoifiad br Jauaocay aad Koaa <IM 3>

Nitb

49
70.00
1.49
3.00
3.00
0.90
4. 00
1.30
4.09
13.00
1.01
100.00

49
43.39

9.17

0.39
30.00

90.0
4.93
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Tabl* A tam at Didt«
% oi Protala 20 30
«hita ftsh aaal 30.77 40.18
RIBaraX ala# 3.17 2.49
vitaalB ala# 2.00 2.00
Carboayaathyleal lulosa 3.00 3.00
Cbroalo oalda 0.80 0.80
Cora oli 4.00 4.00
Cod livor olt 3.33 2.00
Starob 4.83 4.37
Daatrla 37.00 27.00
Calluloaa 11.00 8.41
Total 100.00 100.00

Proalaata Aaaljala at laprHaaatal Olatai

Aaalyaad Coapoaaata 20
Cruda Protala <» 20.00
Stbar Batraot (> 0.4
Aah («) 0.0
Carbohydrata* (& 08.00
Ptl ratlo

img protala/Boal) 48.8
Oroaa aaargy <Koal/g> 4.40

= By dIffaroaoa

30
30.00

0.0
12.0
81.40

07.7
4.43

# Aa apaolflad by Jauaoay aad Koaa (1982)

MItk Lan*

40
01.84
1.82
2.00
3.00
0.80
4_.00
0.77
4.10
17.00
8.21
100.00

40
41.28
0.8
ml4.7
37.88

92.1
4.40



<e> Flak ludlias mMFflomaatat

An < g«Mral prooadur* bafor* any kaadllag tha
risk Mara aaaaatkatlsad first with S ppa qulnaldlaa.
Flak saaauraaaata wars takas os a wat walgkt baala with
sa alaetrleal balaaocoa <8artorlua - S702 XPOl). For
total walgkt aaaauraaaata tka flak wara Ilftad by kaad
aat aad placad la a tarad buekat wltk watar. la aaaeala
tOBlolty trials oaly laltlal aad flaal total walgkt wara
aaaaurad, wkaraaa la growtk trials, tka saall flak wara
walgkad avary 2 waaka. aad tka larga flak walgkad avary
3 waaks. la aasoala aseratloa taats tka flak wara
wslgkad 10 days bafora tka aaviala aaapllag day aad tkaa
3 days aftar aaaacala aaasuraaaats. Durlag all otkar
koldlag aad ovsrwlatarlag parlods tka flak wara aot
kaadlad.

». Faad mwaluatlna.
For faad awaluatloa tka followlag paraaatara wara

oaloulatad as follows:

a> Spaolflo growtk rata (80S>;C(la flaal body wslgkt
- la taltlal body wslgkt>/tlaas la days] a 100.

<11> Food oocawsraloa ratio <FCK):food lataka divided by
lacraaaa la body walgkt.

<111) Frétala afflolaaoy ratio (PU):lnoraaaa la body
walgkt divided by protala lataka.

<lv> Frotala productiva valla <FFY>:iaoraasa la body

protala divided by protala lataka.
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(> Vitrog«B «fftolaaojr bHjr growth aad
uolyolot
Vttrogoa «fFfFloloBcjr m <altrogon rotMtloa/Zattrogoa
aboorptloa) X 100
whara, VItrogaa abaorptloa = VItrogaa
ooaauaptloa - Faaoal altrogaa
aad, Vitrogaa rataatloa “ Flaal aaaa body
altrogaa - laltlal aaaa bodp altr”aa.
<vI> VItrogaa afflolaaoy by altrogaa - balaaoa -thOdi
mltrogaa afflolaaoy “ <altrogaa rataatloa/altrogaa
absorptloa) x 100
whara, lttrogaa abaorptloa = Fltrogaa
ooaauaptloa - Faaeal altrogaa
aad, Fltrogaa rataatloa = Fltrogaa
abaorptloa - VItrogaa aaeratloa

aloaa or aala ur altrogaa>.

10.
<> Olaaa wara nlaaalagt

All aaapllag, raaotloa aad raagaat bottlaa wara
olaaaad laltlally with aa aold alxtura, to arold
ooataalaatloa from ~*awloua uaaga, aa auggaatad by Boyd
(1070>. Thla alvtura waa ooapoaad of 120g BhaCraOr Ila
11 of tap watar aad 1.01 ooao. B»80«, aad waa uaad for
1S-20 ala. Tha bottlaa wara thaa rlaaad aad fluahad
with olaaa tap watar. Batwaaa aaaauraaaata tha glaaa-

wara waa olaaaad flrat with liquid datargaat, thaa
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mmh»4a wlth tap Matar, and flnally rlnaad wlth da-

loalaad Matar aad drlad la alr.

<11> «itar

Ib aaanala axoratlen aad toxlolty taata tha Matar
aaaplaa Mara oollaotad by alpboalag tha Matar wlth a
aaall hoaa froa tha llah taak to tha aaapllas bottlaa.
Tha Matar Maa alloMad to owarflow la tha bottla to arold
alr bubbla foraatloa. Voraally,. two SOOal aa”~llag
bottlaa wara oollaotad froa aaoh taak at aaoh
mMauraaaat parlodt oaa for oxygaa aaaauraaaat aad tha

Tor aaasurlBg aaaoala aad, whaa poaalbla, uraa.
Tha aaaa prooadura Maa uaad for oollaotlag Matar aaaplaa

froa tha Matar raaarrolr la aaaoala axoratloa taata.

Ib aaaoala toxlolty triala dllutloa Matar waa
raqulrad by tha aaalytloal prooadura. Tha Matar uaad
for dllutloa Maa oollaotad by boat froa opaa aaa. Tha
Matar Maa flltarad flrat by 0.4Saa Vhaatoa flltar papar
aad thaa atorad la dark plaatlo ooatalaar. Tha Matar

Maa alloMad to aga for at laaat oaa aoath bafpra uaa.

<111) ahi”™a Fraaaraatloat

Oaygaa aaaauraaaata Mara parforaad dlraotly aad
thua BO praaaraatloa Maa uaad. For aaaoala aad uraa
aaaauraaaata tha Matar aa”~laa Mara flrat flltarad wlth

0.4Baa Vhaatoa flltarad papara, aad ”“aaarvad wlth two
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«me11l drop« of ooBo. Ha8(l» por SOOal «aj”~liag botti«.
**t«r mmmpi«« «Mr« th«B pl«o«d 1« = rafrlg«r«tor «t 4*C
uBtll BBBIjrolB. IxpBriBBO« g«IB«d iB MFD iBboTBtory
iBdtOBtBd thBt «BriIBtlOB la tb« WBtBT «B«pl«« pTBOBrTBd
la tbIB Nap 1« Bbout +9» (Karl« Boohkaob, p«r«. oon.).
iBBniilB BaBlp«!« «M uouallp parforaod wltbla obb M«Bk
Of oollaetloa. Thl« fora oi preocervatlea mb« u«Bd oalp
It bbB BBBiiiilB Baerotioa «aparlaBat «itbh «mll o.

la all otb«r Ba«oalB «BBOuroaBat« ao

prBoarTBtloa Mas uoBd («ee latar).

(Iv> Wit«r laalpoiot

TbB «ee Matar mb« puigMd troa a «== mbll MItb aa
-mblaat «Blialtp, p8 «ad oxpgaa lavai« of «bout 38ppt.
7.8 «ad 4.Spp«, raapaotlvalp.

*« e gaaaral rula 3 Matar raplleataa «ara «aBaurad
ior axob paraaBtar at aacb «BBauraMat tlaa.
B> O~gaat

Fot oapgaa aBaauraaaata BOD<DO> proba ooaaactad to
e T81 oaygaa Baalpoar aodal 701 waa uoad. Votar
«tirrias **e provldad by a ««parata aasaatio alaotrloal
***Trar. Thi« aatbad nix fouad to ba 7a«tar «ad s”va
mcara «tabla raadias« thaa uailag tha «tlrrar attacbad to
tha BOD probo Itoalf. Por oallbratloa 11 of «aa Matar

aaratad uatil «aturatloa (18-20 aia). Tha

**EAprritar« oT tbla Matar «aapla nib aaaaurad aad tha

Vv
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Mturation oxygen level twe taken from e etnndnrd table.
Caltbretloa wna oarrled oot every 5hr during tke 34br
eanpllag period in tba aaeocala exoration teeta. For
other teeta oallbratlon Mae perforaed prior to enter

anxp lea eansureenata.

G Awmlai
For aaeoaln analyala three aathode Mere uaed. The
anthod OI Strloklaad and Faraona. <1073) lor anonla
deteralaatloa la aea eater eea uaed la the a™a>ala
~oxlolty triala. Thle anthod wan uaed aalaly becauee ol
Ite rapid reaotlon tlae. Second, the aathod ol
Oraaaholl (1070) Naa uaed la the deteralaatlon ol
aMonla exoretloa rate ol aaall Q. epiiumie. thla
aethod although taking a longer tlae le wra aaaaltlve
llrat, and uaa required to detect the aaall
dlllereacaa la the aaaonla excretion ratea. Although
**hter annplea lor thla trial were preaerved with
acid, pH adjuatanat waa not needed, aa experience gained
In the XFD laboratory Indicated that at a atartlag pH ol
3.5 the coaplate loraatlon ol the Indophenol colour
takea a longer tlae. About 15-16hra were needed alter

whloh the colour beooaea atable lor at laaat 10 hra.

In both prooedurea the aaaocala aaaplaa were
aaaaured with a two-beaa apeotrophotoaeter (Bauaoh A

Loab, Speotronlo 3000) at 0SO aa ualag loa ouvettea.

Vv
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Aoldifl*« mmm Matar aaa uaad la tha rafaraaoa cali. Thm
apaetrophotoaatar Maa aat oa a ooaoaatratloa soda aad
oalibratad to 0.00 ooaoaatratloa wlth a aaa Matar blaak
aad to 1.00 MItb a 1.00 mg WUmM/1 ataadard aolutloa.
Tha ataadard atook aolutloa a.OOag/al) uaa praparad by
Meegolvlag dry aalt la a da—loalaad Matar. Tha
ataadard aolutloaa Mara praparad fraahly oa tha day of
meMuraaaat by aarlal dllutloa of aaaoalua ohlorlda
atook aolutloa (1.00ag >BaV/al> wlth flltarad. agad aaa
Matar. Tha Matar aaig™aa Mara aaaaurad dlraotly aa a »
IHsV/al. Tha apaetrophotoaatar Maa raoallbratad arary 2
hra durlag aaaauraaaata. Tha ualoalsad aawaala laval
Maa oaloulatad froa ataadard tablaa <BoMar aad BldMvall,

107«) at tha raapaotlra pH, taaparatura, aad aallalty.

Tha thlrd aathod uaad for aaaoala aaalyala

that oarrlad out by autoaaalyaar <8kalar - 8100,
Sollaad) . Thla aathod Maa uaad oaly to aaaaura tha
aaaoala aaoratloa rata of larga flah. Thla aathod la

baaad alao oa tha daralopaaat of ladophaaol oolour. Tha
aathod Maa that of tha aaaualt ualag tha follo*>IBg
oyolai alriSaao; aaaplasOO aao; Maahlagsl30 aaoi at
a Matar bath taaparatura of 7e<C. Tha photooall Maa
adjuatad at 030 aa aad tha abaorbaaocaa Mara aaaaurad
froa tha halght of tha paaka plottad bygraphlo plottar.
Tha oallbratloa ounra Maa davalopad wlth aarlal

dllutloaa of a ataadard aaaoalua ohlorlda aolutloa, aad

Vv
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s*0Bls ooBoa&trattOBs \mr* o«leulat*d from thm
oallbrattcm our”. Tin InstruMnt mm oallbratad «vary
2hrs during anaauraMnta.
e g

For urnn nanlyal* thn antbod of Kornvokayn (1073>
for datoralnntlOB of urM In mmm Motor mm wuood.  Tbo
motbod lo boood OB tho rooctloB of uroo In I0al of ooo
Motor Mtth aai dtoootyl-aoBoxIM _la tho proMBCo of
0.Bal OBtlpjrrIM to fora o yollOM colour. Tho roootlon
MM porforaod In ISal oovorod giom toot tuhM. Aftor
tho addition of tho ohoaloolo tho toot tuboa Moro plocod
In a boiling Motar bath for Ihr aftor tdUeh tho colour
la aaaaurod at 840 na la 8ca cuootto ualng a Bauach h
Loab Spootronlo 3000 apaotrophotoaotor. A calibration
ouroo MM aado froa uroa ataadard atook aolutlon at aaoh
aaaauroaont day. Tha apootrophotoaotar mm callbratod
hoary 3 hra. Staadarda, blanka and othor aaaauroaonta
Mora proparod ualng tho aaao gonoral procaduroa ao for

tha aaaoBla analyala.

<d> Fit
A pH aotar Orion Boaaaroh - 7108/dlgltal lonalyaor
MM uaad. Tha aotar mm oallbratod MIth a noraal buffor

aolutloB of p8"7.0 baforo aoMuraaont.
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11. A—

For aMOBlo toxlolty tMta no raplloatloa mm
porforaad. Thoroforo, < rogra— lon aulpalo mm
oaloulatod Ffirst, from «Alob ths ASOFA tsst mm
osloulstsd <Zsr, 10M>. For groirtbh sxpsrlasats 3
rspllostas Mars psrforaad MItb saall flsb, sad only 3
rspllostss wars osrrilsd out wltb largar onss. AIOTA
tMts wars carrlsd out m a two-way faotortal analysts
using SFS8/FC ooaputar prograssaa. than tbs ortbogoaal
contrMt polynomial AFOVA mm  oaleulatsd. For
rsgrasslon analysis tbs BSwllat-Paekard prograsmas for

polynomial rsgrasslons wars ussd.

For digMtiblllty, ammonia, ursa, and ozygsn
maasursmants tbs sxparlmants wars analyssd as two-way
Ffikotorlal dMIgn without raplloatlon as dsaorlbsd by Zar
<1M4>_ For ragraaston analysis Bswllst-Faokard
computar prograMss for polynomial rsgrasalons wars
uasd. Tbs Studant-Fswmans-KsulM <SR> tast mm uasd to
diffsrsntlats batwasn axpsrimantal trsatmant wbsrsM
covarlanos analysis wltbTuokay"s tMt wars uasd to

dIffsrsntlats batwasa rsgrsMlon slopss.






Tb* quMtitatlva protala raquiraaaat for ttlapla
hM baan atudtad for aora than oaa spaoias, laoludlingt
0. aui-auw» <Darla and Sttokaay, IB78t Vtnfraa and
StlelEnap, 1081), T. =ziiii (Xastd at. al., 1070), Q.
allatiflud (Santiago at. al., 1080; Vaaga at. al., 108Sa
and 1089b); 0 TIMIStI1ril8 (Jaunoap, 1082), and *8ad
tllapla* (Bapbar at. al., 1083). _Howavar, no data ara
avallabla pat on tba diatarp protala raqulraaant for O-
spllunis. probablp baocauaa It baa not until raoantlp
baan oonaldarad aa an laportaat apaolaa for aquaoultura.
Baoauaa of Ita blgb .tolaraaca to aaa watar (Al-Aaoudl,
1087, Al-Abaad at. al., 1088) It baa now baan raeogalaad

aa a potaatlal apaolaa for aarloultura.

Alacat all of tba awallabla data on diatarp
protala raqulraaant for tllaplaa ara baaad on fraabwatar
oultura oondltlona. It la poaalbla that aallaltp
aoollaatlon, aa a aaaklng faotor alavatlng aalntanaaoa
aatabollaa (Bratt, 1070) would raault In a obanga In
diatarp raqulraaaata. Furtbaraora, aavaral atudlaa
(Zaltoun at. al., 1073; ball and Blabop, 1078; Saltb
and Tborpa, 1078; Kaolaod, 1077) auggaat that aoaa
flabaa 1lka rainbow trout llwlng In plaaaa-bpparoanotlo
aaawatar bawa a blgbar protaln daaand than tboaa living

la fraab watar.
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Dl«t«ry protalB r*quir«Mat for agjr partloular
mpaotM ebaasM wlth ois*. Killlkia <IMa> roportod
that tha— goBorally Omor— mm wlth InorMolas ag« or
flok «lsa. Kost ef tha avallabla data on dtatary
protaia raqulraaaat for tllapla ara baaad oa fry or
Juraallaa, «hila faw quaatitatlra data bava baaa daflaad

for larga tllaptaa (Tlola aad Arlall, 1M2).

Olatary protaia raqutraaaata ara aoraally
aapraaaad la taras of a flaad dlatary paroaataga or as a
ratio ef protaia to dlatary aaargy.- Howarar. Oglao
(1960) fouad aa Ulararaa ralatloaablp batwaaa faadlag
laval aad dlatary protaia raqulraaaat. As a rssult,
Taooa aad Coway (1965) suggastad tbat dlatary autrlaat
<protala> raqulraaaats akould ba aapraaaad la taras ef
Need lataka (graas or kllojoulas of autrlaat raqulrad

par kllograa body walght par day>.

Tbhus, tbls axparlaaat mm daslgaad to study tbs
eoablaad affaot of protaia ooaocaatratloa aad faadlag

laval.

Bn b axparlaaatal aathodolegy la dasorlbsd la
Chaptar 2. Two aaparlaaats sara parforaad. tba flrst
for a vaaka oa saall o. apiiui-ua wlth aa laltlal slsa

raaglag froa 27.49 to 28.99g bw. Taa faadlag raglaas
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«wr« tMt«d. thTM dlatary pretala lavais <as. 36 aad
48«> aaob fad at thraa faadlag ratas <?, 4 aad 63 bw/d>.
Starvad fish sarvad mm a eoatrol. In all faadiag
ragtsas 20 fish aara stoekad la aaoh taak, at 3
raplloatas par traatsaat ginag a total of 30 taaks.
All fish aara atookad la tha axparlsaatal taaks 2 waaks
bafora startlag tba aaparlsaat. All flsb sara aaaplad
for total aalgbt avary 2 aaaks, aaoapt tha starvad flsb.
ablob aara saasurad oaly at tba baglaalag aad aad of tha

aaparlsaat.

Tha aaooad aaparlsaat aas parforsad 12 aoatbs
latsTt uslag tba sasa stooki for 12 waakSi altb laltlal
flsb sisa raaglag froa 298.62 to 262.36g bw. Taa
faadlag raglaaa aara tastad, tbraa dlatary pretala
lavalo <20. 30 aad 40«> aaob fad at thraa faadlag ratas
<0.8, 1.T9 aad 3.0» ba/d). «tarvad flsb sarvad as a
ooatrol. la all faadlag raglsas 10 flsb aara stookad la
aaob taak, at 2 raplloatas par traataaat glvlag a total
of 20 tasks. All flsb aara atookad la tba aaparlsaatal
taak 3 aaaks bafna otartlag tha aaparlsaat. All flsb
aara saasurad for total aalgbt avory 3 aaaks, aaoapt tba
starvad fISb ablob aara saasurad oaly at tha baglaalag
aad aad of thba aaparlsaat. 8otb sisas aara fad 3 tlsas

a day at 6, 12 aad 16bro.
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Tabla 3.1, wml- 1!smm th« exparlMatal fa«dIBc
rbtl— for tha tMo atsM. Th* uouat of food fod mu
edjuotod at ovory aoMuroMat tiaa, l.o. «vory two — Iw
wltb oaoll floh aad ovory 3 Msoko i«Ith lar|jo flob. A
ooatlBuouo Matar ohaaga moo aalatalaod throughout tha
tMo aaparlaaata at a Tflow rata of 8l1/ata/taah.
Taaparatura fluotuatao la both aKparlaaato batwaaa 23.8
to 28.3*0. Oaygaa «ao prowldad by aaratloa, with a

mlalaua raeordad laaal of 4.2aK/I1."

<1> flaralaal Batai

A mitnmrf of raoulto la ahowa la Tabla 3.2. Tha
aurrlaal rata la axparlaaat 1 raagaa froa 01.89 to 1003.
Soaa fiah aaoapad from traataaat 7 durlag tha blwaakly
aaaauraaaata aad thla la tha raaaoa for tha dlffaraaeaa

la aurwlwal rataa ahowa la Tabla 3.2.

Kajor aortalltlaa ooourrad durlag tha aaooad
aaparlaaat oa larga n. »piiuinic. Thaoa aortalltlaa uara
eoatlauoua durlag tha whola parlod of tha axparlaaat.
>y tha aad of tha aaparlaaat tha aurwlaal rata raagad

froa 403 to 993.

<g> Orowth a/a tlaai
Tha ohaaga la aaaa body walght of aaall flah la
ahowa la fig. 3.1. All fad flah ahowad poaltlaa growth

Vv
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finn 3.1 Growtb rat* of nuli O.aDilarna fad on 24.94% (),
34.44% (=) and 43.35% (cT pratain dlata at 3 Caadiag
rataa 2, 4 and <% nr/D.
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wterau oaly atarvad fish lost watght. OaMralljr tha
growth rata tor tha fad flah followad tha aaaa traad
during tha Mhola asparlaant. whara hlghar growth rata la
obaarvad with highar faadlag rata and hlghar protala
paroantaga la tha dlat at any particular faadlng rata.
Howarar, tha 43.39% protala dlat fad at 4% bw/d raaultad

la a alowar growth rata only during tha aaoond aonth.

Contrary to thaaa raaulta tha pattara of growth of
larga n. »piiiimi» orar tlna waa not eXaar. As axpaotad
tha staraad flah ahowad a aagatlra growth rata. Vhlla
aoaa fad fish ahowad a pooltlra growth, aoaa othar fad
flah did not grow or ahowad nagatlva growth. This la
shown In Fig. 3.2. Thaaa obsanrad dlffaranoas la growth
rata did not appaar to oorralata with apaolflo
anarlaantal faadlag raglaaa. Tha high growth ratas
obsarvad with 30% protaln dlat fad at 0.9% bw/d and
41_.29% protaln dlat fad at 1.79% bw/d probably raflaotad
tha high aortallty (40% and 90%, raapactlraly) aaong tha

aaallar fish which ooourrad during thaaa traatanats,

whara aubaaquantly only larger flah surrlrad.

<3> Orowth w/m Food Intahai

Food Intaka had a highly significant affaot
<p>0.01> on growth rata In axparlaant 1. Starrad flah
showad a nagatlra growth rata during tha two aonth

aaparlaantal period, with araraga weight loss of

\Y
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0.0»g/Flalt/dax. Bomvm* la axparIMBt a Clargar
-toeka) food latate did not hava a slgalfloaat <p<0.0S>
affoot OB growth rata. Tha avaraga walght loaa of largo
fi. «p«iiiyuw durlag tha 3 aaatha axparlaaatal parlod waa

0.5Sg/flah/day -

For axparlaaat 1. tha raaulta of 2-way aMJfA
ladloatad that faadlag rata 1 a highly algalfloaat

affaet <p>0.01) oa flot, whara protala paroaataga

aot ahow a algalfloaat affaot (p<0.0S> 80«. Tha
affaet of tha t» Taetora a algalfloaat
affaot <p>0.0S> oa growth rata. ralatloaahlpo

mggaatad that protala paroaataga la tha dlat

li“ortaat faetor for growth oaly at a oartala orltloal

lavai. To datanUi thli lavai tha 8tudaat-8auaaaa-
«Mila <gn> taat < rlad out to dIffaraatlata
hat« tha food ktlc Tha taat that

43.38% protalB dlat fad at 2% hw/d produoad
migBIfleaatly hl”ar growth rata (p>0.08) thaa 24.04%
34.44% protala dlata fad at tha faadlag lavai,
whlla 1t did aot produoa algalfleaatly dlffaraat raaulta
<p<0.0B> froa aay othar food ooablBatloaa taatad la thla
ai”arlaaat. Thli protala lataka to ha tha

orltloal lavai.

To ohaeh Tfurthar tha algalfleaaoa of protala

paroaataga la tha dlat la dataralalag growth rata Ita

V.
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mitmet mm tMt«d «FalMt SOl by OM-w»y AWNOWA for oacb
foodiag roto Mporotoly. Tho rMulto ladieato tho
protoia paroaatafa la tha dlat gara a highly slgatftoaat
affaot (p>0.01> oa 80K oaly at 2% bw/d faadlag rata, ht
hlghar faadlag rataa tha protala pareaataga la tha dlat
hM ao algalfleaat affaot (p<0.09> oa BOX.

Plg. 3.3 ahoaa tha ralatloaahlp batMMa faadlag
rata aad 80K for tha 3 axparlaaatal dlata. Tha
ralatloaahlp la quadratic aad tha ooapoaaati OF thai
ragraaalofl ahoMa la Tabla 3.4. Tha aagatlva ralut
of be ladleatad aalght loaa of atorrad flah. Vhari
tha iIMgatlra raluM of be ladloatad that tha affaot of

faadlag rata oa 83X daoi at hlghar faadlag rati
VIth auoh guadratic polyaoalal ragri mlo( It L
Blbla to oaloulata tha a0K <zar, 1934). Tha
MXTaua valuaa of 80X with tha oorraspoadlag raluM of
feadlag ratM ara ahowa la Tabla 3.4. It la olaar that
thara LI aagatlra ralatloaahlp bati 180X aad
protala paroaat of tha dlat. Tha aluM of

faadlag rataa obtalaad from tha ragroMloaa ladloatad
alao that tha Fflah oMrfad at 3« bw/d for all
dlata.

although tha 9 faadlag raglaM uaad la thla
aaparlaaat rapraaaat a ooablaatloa batwMa protala

paroaat of tha dlat aad faadlag rata, It la probably

Vv
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Taklt 3 . Dicta «valMtioB.

riali-taa Feeiieg Rau Ftataia Kt tat m FFT tpfarwt
ZW/D 4 Olvastiblllty
iMIT. 2 24.04 0.01* 1400 2.30% 35.05* 42.01X
2 54U . 0.00* 1.40* i.on 30.47* 70.57t
2 43.55 13» 1.00* 2.01* 3A.14* 01.327
4 24.04 1.4 2.00n 1.04* 20.40* 43.04t
4 HA.a 1.0 1.04* 1.U* 23.01* .20t
4 43.35 1.42% 2.15* 1.02* 17.07* 73.10t
« 24.04 1.50* 2.02* 1.34* 25.52* 30.00t
- 34.44 1.54* 3.23* 0.04* 14.04* S3.4St
4 43.35 1.4 2.71* . 0.01* 12.07* 15.43t
Uxat 0.5 20 0.07 1.7t
0.8 30 0.41 0.00
0.S 41.25 «0.01 «1.20
1.75 20 -0.08 -24.00
1.75 30 0.00 -4.32
1.75 41.25 0.2 -2.70
5 20 0.11 05.32
5 30 0.05 0.0t
5 41.25 -0.00 1344.04
¢ < SSIIM" lattata ata Bat algaificaatly Olffaraat «t 0.05 laval.
\
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Tabic3.4 (@) Iala;ia;aahip beteeea grawth rata. €ft (T) aad faaétag raea
XW/B)i

(2 lalaciasakig bacasaa giaath rata, MX (1) aa4 gracala lataita
XM/B). far Mall O.aailaraa.

Itaa ‘o Otaadar0 Muciaua Maxiaua
Error at  j Paadlag
Eatiaata * Tt Xata
X mint
‘prataia X 24.84 -0.2343 0.4764 -0.0423 0.0072 0.N7 0.034 3.41
34.44 -0.2406 0.7304 -0.0734 0.0033 0.007 0.010 4.07
43.SS -0.1724 0.0030 -0.0043 0.3374 0.043 0.034 4.40
Opratala - ] 0.030 0.703
iatakat 0.0H7 1.0423 -0.4020 0.1700 1.01
ZW/0
Tabla3.5 Maltifla llasar ragraaslaa < IdWr« T > 0a. L « feedIBE r«rA
CIMr/9l] Xj « ntmr t - IX * Oratala X af*tha 4tat.~
Tariabla Caaffielaac QOcaalarQ V Otaaiaid.
Error af In<ar of
Bag. Caafficiaat latiaata
a-Ceaataat -0.1332 0.134 0.4 0.17Mm
Xt-PX 0.7072 0.10M
X2-PX> -0.0734 0.0107
X,-fX a Pr.X 0.0001 0.0003
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oa KI, whll* fMdtag rat* hma a hlghly «tgaitloaat
affaet. Tba ooatoiaad affaet batwaaa protala paroaataga
la tha dlat aad faadlBf rata sboMad a algalfloaat affaot
oa FCI. Tbla auggasta alao tbat protala pareaataga la

tha dlat baeowa laportaat at a eartala orltloal polat.

Flab tad OS bw/d appaarad to abow tba blgbast K1
<approx 3> wblob la algalfleaatly blgbar froa ail otbar
faadlag raglaas. Flab fad 4S bw/d abow a aadlua FCI
(approx a> wblob la algalfloaatlp dlffaraat froa ail
otbar faadlag raglaaa. Flab fad 2X bw/d wara dlwldad
lato twD groupa.- Flrat, dlata ooatalalag 24.B4S aad
34.441 protala abow low FCI <approx 1.4) wblob la
algalfloaatly dlffaraat froa ail otbar faadlag raglaaa.
Saeoad, dlata ooatalalag 43.3S1 protala abow tba lowaat
Fd Capprox 1) wblob la algalfloaatly dlffaraat froa ail
otbar faadlag raglaaa. Tbla faadlag raglaa aaaaa to ba
tha orltloal baoauaa blgbar faadlag rataa (ocaa
dlraotloa) or lowar protala paroaatagaa la tba dlat

<aaotbar dlraotloa) raault la a blgbar FCK.

Tha ralatloaablp batwaaa faadlag rata aad FC* for
ail axparlaaatal dlata la abowa la Fig 3.S aad
ouanarlaad la Tabla 3.S. Thara la a pooltira llaaar
ralatloaablp batwaaa faadlag rata aad FC*. Frotala
pareaat of tba dlat aaaaa to bava a algalfloaat affaot

oa tbha alopa.
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Tabu 3.C

Xcaa 0 Ttaafart Error re
of Eatiaata
Pretoia Xt 24.94  0.2940 0.U70 0.3742 0.93 "
34.44 0.1440 0.5070 0.3059 O.N
43.35 0.1090 0.45%0 0.2014 0.9

lalatioVkir batwaaa POl (T). aaf faadlag rata () for tha 3 aaparUaaUl
fiata for aaall 0. aailaraa ia aazaatar.

Tabla 3.7
icaa ‘1 Etagjlard Error r*
of EatUato
Pratau ti 24.94 2.9 -0.2%5 0.002 0.9
34.44 2.40 «0.293 0.004 0.M
43.33 2.49 . <0.300 0.319 0.99

BaUcloMair batMa« »ratal affUiaacy ratla, PU (1) faadtag rata
for aM11 O.aallarwa.

Tabla 3.S
Itaa 0 ‘1 Etaafarf Error r*
of EatUata
ProtoU til 24.M 40.49 2.41 1.47 0.9
3A.44 30.59 «3.93 0.159 0.9
43.39 45.99 «3.92 9.4 0.90

maUtiaMhlp baeaaaa rraut« pto*ietlaa aalaa, m () faadlas raca
for aMli O.awtUraa.
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Tb* FMult« ot FCI ot larg* Q. «ptiuru« obtalaad
«xp™rlaint a dld aot abow «ay etgalfteaat <p<0.0S>
ditfaraao* batwaaa tha axpar laaatal traatmat«.

Tharafora, ao aora atatlatloal aaalysia aaa parforaad.

<S>  aratala avaliiatlaai

To araluata protala utlllaatloa afllotaaoy both
protata afllolaaoy ratio, PBt (body protata r.a. protala
lataka) aad protala produotlva valua. FPT (laeraaaa la

protata r.a. protala lataka) Mara ealoulatad lor
oaall floh oaly. Thaaa raluaa ara shOMa la Tabla 3.3.
Tba oaaa traad Maa fouad lor tba tao astlaataa. Tba
blghaat protala utlllaatloa afllelaaey uaa fouad for
24.94S protala dlat lad at 2% basd lolloMad by tba
43.3S» protala dlat fad at tba ocaaa laadla« rata. Tba
loMoot ralua Mia raoordad far 43.39« protala dlat fad at
O« ba/d. m aad PFT aara affoetad by protala paroaat
of tba dlat (p>0.09> aad foodlag rata (p>0.01>.

4 aagatlva llaaar ralatloaoblp aaa fouad batMoaa
faadla rata aad PR for tba 3 dlata (Tabla 3.7, Plg.
3.9>. Thara aaa ao algalfloaat dIfforaaoa (p<0.00>
bataaaa tba 3 ragraoaloaa auggaotlaf tbat tba affaot of
¢*odla( rata oa PBX la tha oaaa ragardlaoa of tba
protala eoataat of tba dlat. HoMovar, tba 34.94«
protala dlat gara algalfloaatly blgbar (p>0.09>
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elavattoB than th* atliar two dioto ouggootlaf that P »

la higbor with low protola dlot.

Slallarly a aogatlvo llaoar rolatloaohlp woo found
botwooB foodIBS rata and PPT for tho 3 dlota <Tablo 3.3,
Pig. 3.7). Although thoro waa ao algalfleant dIfforoBOO
(p<0.09) botwooB tho alopao and tha alavatloas of thoaa
3 ragraaalona thara la a traad of aaallar alopaa with
iBoraaolBg protala oontaat of tha” dlat. Thla auggaata
that PPT la battar with low protaln dlota and It la
daeraasing with laoraaolng tha protala ooataat of tha

dlat.

Phan tha 9 faadlag raglaaa wara axpraaaad aa a
protala lataka, a nagatlva llaaar ralatloaahlp was fouad
with both Pn and PPT auggastlag that tha lowar tha

protalB lataka tha battar protala utilisation.

<3 Slgastibllltpt

Tha apparaat protola dlgastibllltjr of saall (L.
apiiutni» for tha 9 faadlag raglaas ara shown la Tabla
3.3. Thasa dlgastibllltlas wara statisticallp not
diffaraat at tha pwO.09 laval as ladleatad by tha two-
way factorial AIOTA without raplleatloa. Tha apparaat
protala dlgastiblllty for larga n. »piiurua was 39.80,
9.88 sad 47.79 for 20, 30 and 41.29% protala dista

raspaotlvaly. go atatlatleal analysis was earrlad out

Vv
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bao*uM tkMS vsluM r*pc-M*Bts mix o** raplImt*. m
tte «mil uowkt of faooM amtloblo did not olXow
roplImttm.

<>
Tho body oo”ooltlm o0 a paroantas* basto of
111 largo mpill la sbom la Tabla 3.0.
Statiatloal klysli oarrlad out oa tha total ebaaga
la body ooapooltim laar tba "axparlaaatal parlod.
Qaaarally, tbara " littla ebaaga la body eoapooltim

la wfarsa to food lataka la altbar 11l or larga

For mll flab, pretala m body ooataata

slgalfloaat <p<0.0S> obaagas raault of food

lataba. Lipid ilstura omtaata. ~gaar, appaarad
to ba laa ilatad to tba faadlag rata. A peoltli

1laa ralatloaablp fouad batwaaa body  mlstura

omtaat . faadlag rata. Frotala pareaat of tba dlat

bad ao slgalflmat affaot <p<0.0S> altbar oa lipid or m
body mistura omtaata. Tba lataraotlm batmaa faadlag
rata potala parmat la tba dlat mIm ao

mlgalflmat affaot on body lipid alatura ooataat.

For larga rt. mp«iuma aaltbar protala lavai of tbha
dlat aor faadlag rata [laduoad slgalflmat (p<0.0S>
nbaagaa m body protala, or mistura omtaat. Mowavar,
faadli™ ratm affaotad body lipid emtaat slgaflmatly
<p>0.08), ubila body lipid eoataat usa aot affaotad by

Vv
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pretaln p*ro«at In th« di«t. Body Mh ooatoat mu
«tfolfloantly <p>0.0S> affoetod by both protola lovol of
tho diot oad foodlIBf rat«.

Total body moistura, protata, aad Itptd ooataat of
stamrod oaall o. aptiuT-u» daeraaocad T.04, 24.04 aad
B7.73S, raapaotlraly, wblla tha body aab ooataat
iBoraaaad 0,04%. Approxlaataly tha aaaa traad aaa
aotioad la atorrad larga o. apiium«. Tha total body
aolatura, protala aad Ilpld ooataat daoraaaad 11.40,
13.23, aad 63.2SX, raapaotlraly. la ooatraat to tha
aaall flah tha aah body ooataat of larga 0. filiir-ii»
daoraaaad 37.02%.

<1> Opbiaia Matary Brotala Bagalraoaat for Orowthi
Tha orltarla uaad for aalaotlag tha optlouo
protala raqulracaat for growth wara baaad oa tha
praaanoa of atatlatloal dlIffaraaocaa aaoag traatoaata.
Othar orltarla for daflalag tha optloua protala
raqulraocaat auoh aa PCI or BBl will ba dlaocuaaad la a
latar aaetloa. Tha lowaat protala lataka that produoaa
tha atatlatloally hlghaat growth rata <8BB> waa
ooaaldarad tha optloua for growth. By tha aad of
aaporlaaat 1 tha 0 faadlag raglaaa wara dlrldad lato 2
groupa. Mata ooatalalag 34.04 aad 34.44% protala fad
at 3% bw/d ylaldad atatlatloally lowar SOB thaa all

Vv
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otter fotetac roglsM. kmaag tte otter 7 foodlog
rogl—- o kl~or (rowtb rotoo woro obtolaiod wltb hlgter
protola latote. Tte ooxlaua 80S <l.ei> mu obtotnod
with tte aaxlBua tootod protota latote 2d.01f/kg/d.
BOMorar, thooo high growth rotos wars aot slgalflooatly
difforoat bp SR toot at 0.09 Ilowol. Tteroforo tte
loMoot protola tatoleo <8.e7g/kg/d> oaoag thooo 7 toodtag
rogloao was ooaotdorod tte opttauo tarot. This protota
latote rooutto froo tte 40.39« protola dlot fad at 2%
bw/d oad produeoo oa 80S of 1.33.

Oolag tte oothod of Brott <1070) la whloh a
growth/rotloa ourro la drawa atartlag froa saro ratloa,
with a taagaat la drawa froa tte orlgla <aaro growth)
paaslag through tte polat Mbara tte ratio of growth to
ratloa la aaalaat, optlaua ratloa waa fouad
approalMtatj at 3« bw/d for att dlata. Tha aaalaua
growth obtalaad with this tow ratios waa with 43.39«
protala dlat. This la tte aaaa optlaua faadlag raglao

aataotad bp atatlstloat aaatpsls.

Taooa aad Cowop <1069) rarlawlag tte protala
raqulraaaats la a flood faadlag rata raglaa, for
dIffaraat flah spaolaa aad alsaa <0.01-ia9g bw> raoordad
optlaua protala raqulraaaat raagas froa 92.9 to
0.aig/™/d. Atthow”™ tte ratua obtalaad la this
oi”anaBat (e.97g/kg/d> la towar thaa this raaga It fits

Vv
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tb* 11BMr rvlatloaablp dav™opad by Tmob aad CoMay
<iM8) batMMB dally protaia raqutraaaat aad tha
apaelflo growth rata. Howavar, Viola aad Arlalt <1M8>
studylag tha ooafelaad aVfaet ot protaia paroaat ot tbha
dlat aad taadlag rata oa tba growth rata of tllapla
hybrid m. mnlnrfckéia aad CL. auraua. 130g bw> fouad that
tha — «*«» growth rata <2.2Sg/flah/d> waa obtalaad with
30.M protaia dlat fad at 3« bw/d which la aqulralaat to
e.0Tg protalashg/d. Vaaga at. al. <10e8a> fouad tha
optlBua dlatary protaia lawal for 0. allotloua <dg bw>
for tha aaxlaua growth waa 38% whaa tha faadlag rata la
3.8« bw/d <3.78g protalaskg/d). Thoaa two raluaa.
although allghtly hlghar. ara vary oloaa to tha raaulta

obtalaad la thla axparlaaat.

Faadlag rata haa a aaja- rola la daflalag tha
optlBua protaia raqulraaaat for growth la thla atudy.
«fhlla PtB ratio of tha dlat appaarad to ahow oaly a
aaooadary affaet, aalaly at a low faadlag rata.
Coatrary to thla ooaolualoa Viola aad Arlall <1983>
fouad that both protaia laval aad faadl” rata hava a
highly algalfloaat affaet oa tha growth rata of tllapla
hybrids. Tha raaaoa for this la probably ths dlffaraaoa
la faadlag rates applied la tha two axparlaaata. Ths
- faadlag rata used by Viola aad Arlall (1963) was
38 bw/d. at which low faadlag rata tha aaaa ooaolusloa

eould hava basa drawa fros thla axparlaaat. Thus, at 38
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bw/d la tbl« eaparlant protala Ii blghlj
elgalfloaat «ffaet growth rata, whlla at hlghar
iMdlag ratM <4 d&#iad as bw/d> protala eoataat
It ust ba aotad that tha aaxlaua ratloaa
ealoulatad froa tha growth-ratloa quadratic ragraaaloaa
5.41, 4.07 4.0es hw/d for 24.04, 3A.
43.3SS protala dlata, raapaotlraly. Thla i»«babl?
ladloataa alao that tha protala paroaat of tha dlat
ualapntaat oaly at paxli ratloa laral.
yurtharoora, although at high faadlag rati bw/d>
protala ooataat laportaat It mppaara
that orarall protala latalea la tha llaltlag factor for
growth. Tha ralatloaahlp bat* protala lataha <S
bw/d> aad growth rati aa algalfloaat ladlcatlag that
tha growth rata uaa fuaetloa aotoaly of tha food

mraiiaiil but aalaly of Ita protala ooataat.

laoraaalag protala laral la tha dlat aad faadlag
at low rataa appaara to ba aa adraatagaoua approach to
proTldlag tha optlaua protala raqulraaaat. By ooatrast
vlola aad Arlall (1002> worklag with carp raportad that
at low faadli”™ rataa tha addltloaal protala la tha dlat
was aot uoad for growth, but aarwad aalaly aa a oouroa
of oaargy, aad thua It waa uawlaa to try to oaro food by
uolag hlgh-protala pollata at Ilow faadlag rataa.
hlthou~ tha dlffaraaoa batwaaa tha two apaclao eaaaot

ba lgaorad a poaalbla raaaoa for thlo dlaorapaacy la
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that Tlola aad Arlall (1082) did not laoorporat« hlfh
<Boufh protala la thalr dlata <20-30% protala) aad that
lew faedlag ratas ware uaad (3-4% hw/d). Oadar aueh
nlrmiaataanaa. lew dally pretala lataka (g/ko/d> Ila
prebably llaltlag eptlaua grewth.

(2> Bftaet ad PtB latle oa Qrewth™aatlee »alatlaBehlpt

Tha ralatleashlp batwaaa grewth aad faadlag rata
MU slallar for tha three eaperlaaatal dleta. Orowth
rleea aharply froa sere ratloa to 2% bw/di after which
the laoreaae aodaratea. Vith laoreaalag ratloa a
plateau of aaxlaua growth rate oooura at the polat of
— ratloa. Brett <1079> reelewlag the grbwth-
ratloa relatloaahlp deoorlbed the eaaa pattera. . It
appears, therefore, that tha FtB ratio of the diet dOM
Bot Itself affect the overall shape of tha growth-ratios

curve.

Bowaver, the P:B ratio of tha diet appears to
cause a quaatltatlve dIffereace la the growth-ratios
curve. The saalaus SOB obtalaed la ej”erlseat 1 was
1.50, 1.03 aad 1.70 for 24.04, 34.44 aad 43.30% protela
diets, raspsotlvely. Thus, there la a positive llaear
relatloaahlp betwasa aaxlaia growth rata aad protela
level of the diet. There was also a aagatlve llasar
relatloaahlp batwesa PiB ratio of ths diet aad saxlaus

feedlag rate. Tha aajdaua feedlag rata obtalaad was
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S.41. 4.07 *ad 4.eaS bw/d for 04.04, 34.44 >nd 43.30«
protoln dloto roopootiTOly. Sovoral poporo haro ohotm
mnob < rolatloaoblpi Obago ot. al. <10SOa> Morking with
n. minfeiaua fouBd a dacraaaa la food ooaouaptloa with

aa laoraaoo la tha aaouat of dlatarp protola.

This lavaraa ralatloaohlp botwaoa dlatary protala
lavol aad faodlag rata aay raflaot tha dlffaraaoca la tha
matabollsabla aaargy ooataata of thaaa dlata. Although
It waa orlglaally plaaaad to foraulata laocoalorlo dlata,
thla was ealeulatad oa a groaa aaargy baala, aad so
dlffaraacoas la tha aatabollsabla aaargy ara poaalbla.
Tha oarbohydrata aouroa uaad la thla study to produoa
Isooalorlo dlats was daatrla. Jaoksoa aad Cappar <t082>
raportad that daxtrla la lass thaa 00« dlgaatlbla at aa
laelusloa lawal of 00« for T.giiii. Thay coaoludad that
dlats eoatalBlag dIffaraat ratloa of daxtrla will ba
aoa-"lsooalorle with raspaot to satabollsabla aaargy aad
thus this probably aaplalaa tha laprowad growth ratas
with hlghar protala lavala lAaa tha flah %wra fad find
food ratloas. Aa with dIffaraat ratloas tha flah haws
tha ohaaea to aat aeoordlag to thalr aatabollaabla
aaargy dsaaad (Jobllag, 1083) It would ba eoaoludad that
tha thraa dlats uaad la axparlaaat 1 la thla study wars
aoa-Isooalorlo whloh, would axplala tha dlffaraaca la

tha food ratloas obtalaad with thssa dlats.
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(3> rooA mmi Prateim Vtil1IMtIM IfPiolmojt

PCl mmmmm to b* atfAotad mInlp bjr fMdlac rat*.
Tha hlgbar tha faadlag rat* th* blghar th* PCI. Tbht*
oeuld b* partly du* to laocaaplat* ooMuaptloa of tbha
food auppllad at blgbar faadlag ratao. BoMavar. tba
blgbhar PCI algbt raflaet alao blgbar gut araouatlea
rat*. Pandiaa and v!«* Kanandaa (IMS) raportad tbat
tha gaatrle avacuatloa rat* laoraaaad la proportloa to

tha faadlag rat*.

Oa tba otbar baad PiB ratio aasaaa to bava a
algalfloant affaot oa PCl oaXy at low faadlag rata, at
wblob tha blgbar tba Pii ratio tba battar tba Fd. Tbla
oould b* du* to blgbar dlgoatlbllltp of blgb protala
dlata <Taooa aad Coway. IMS). Tha baat PCI obtalaad la
aaparlaaat t waa 1.09. Tbla PCl waa obtalaad wttb a
b1~ protala dlat <49.389) fad at low ratloa <2S b«/d)..
Tbla faadlag raglaa alao produead tba optlaua growtb
rat*.

Oa* of tba aala ala* la flab ouitur* la to produca
Pn aad PPT valuaa ablob ara aa blgbh aa poaalbl*
(Kal~ta, 1998). Tha blgbaat PIl1 aad PPP ralua*
raeordad la aaparlaaat 1 wuvar* 2.39 aad 38.98,
raapaotlraly. Tbaa* valua* wora, bowavar, obtalaad wltb
low protala lataka aad aubaaquaatly Ilotr growtb rata,

ubila tba optlaua growtb rata waa obtalaad wltb PIl aad

Vv
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PFT valuM «qulvalMt to 2.01 aad M.14, raapaotlvaly.
Lowar vmluM \mrm obtalMd b/ Jauaeay <10A2> with (L.
MMaabiauA. <ad oa dIffaraat PiB ratto dlata at a flmd
ratlca, «Alia blghar valuea «ara raoordad hy Vaaga at.
al. <IM8a, b> wltb n. «iiattaua tmd. oa dIffaraat PtB
ratlo dlata at diffaraat rattoaa. It aaaaa, tbarafora,
that tba bl(b PBB aad PPT aaluaa obtalaad la tbla atudy
aad la Vaaga®a at. al. <10SSa, b> atudlaa la dua to
iBoorporatlag diffaraat faadlag rataa. Paadlag rata
aaiaa to bara a blghlf algalfloaat affaet oa protala
utlllaatImi afflolaaoyi tba lowar tba faadlag rata tba
blghar tba PBB aad PPV.

Tha PiB ratlo of tba dlat baa a aaeoadary affaot
oa tha PBB aad PPT aaluaa. Oaaarally. tba blgbar tba
PiB ratlo tba loaar tba protala utlllaatloa afflolaaoy.
Tbla oould ba dua to tba faot tbatprotala aaargy
aubotltutaa tba raduotloa la tba aoa-protala aaargy
aouroaa. Bonarar, at low faadla™ rata a varp
<a.01> aad PPV <3«.14> aara aeblaaad wltb 43.39% protala
dlat (PtB ratlo « 89.9aB protala Boal> wblob ara blgbar
thaa tba PBB <1.83> aad PPT (30-37) obtalaad wltb 34_.44%
protala dlat (PtB ratlo “ 70.7ag protala/Bbal). Jaokaoa
aad Cappar (1033) auggaatad tbat aaargy prorldad by
protala oatabollaa laads to Ilaprovad growtb at blgb
protala lavala, wblob oould aaplala tba good PBB aad PPT
obtalaad wltb blgb PtB ratlo.



<> aodj Cnupnltlo»«

Ovar tha parlod of tba trial tha groaa body
ooapealtton Mas aot graatly affaetad by obaaglag diatary
protata lavai of tba dlat but saa affaotad by fasdlag
rata, wblob affaotad fat aad aolatura ooataat but aot
protala or aab. la saall n, «piiuitix oaroaaaaa.
Slallarly, Balalts <1083>, Norklas MItb ralabow trout
raportad tbat dlat affaotad fat aad aolatura but aot
protala or aab. Body uatar aad Ilpld lavala appaarad to
ba Qlavaraaly ralatad aa baa basa aotad MIth O«
maaaubl FiUA. <Jauaocay, 1963). Thara Maa ao abaoraal fat
dapoaltloa la aaall n, «ptiuitic. auggaatlag a good P:B
ratio la tba taat dista. Fat dapoaltloa MItb uabalaaoad
P:B ratloa Maa fraquaatly obaarvad la flab autrltloa

atudlaa auillkla, 1»03>.

It abould ba aotad, boaavar, tbat tba obaarvad
obaagas la flab body ooapoaltloa oaa aot ba alaply
ralatad to faadlag raglaa oaly. It baa basa aaatloaad
aarllar tbat tba blgbar tba faadlag rata tba blgbar tba
groMtb rata. Thla aaaaa tbhat at tba aad of tha
aaparlaaat tba flab fad oa blgb ratloa wlll ba "blggar”
thaa tboaa fad oa saall ratloa. Tharafora, eoi”arlag
tha body ooapoaltloa of tboaa fiabas Mili raflaot aot
oaly tbalr dIffaraat faadlag blatory but also tbalr
diffaraat body slaaa. Bogaadoora at. al. <1M3>

ooBoludad tbat la axparlaaata ualag a alagla alas group,

Vv
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tIM «ftaot of FfMdIBg on body ooaposltlon o«n not b*
ev«lu*t«d b«o«uM tMdIng 1*««1 «ad body «MIsbt «r«

oaafouadad.

<S> Olgvtiblllty:

Althoufb tbar« ts aa laoraaslag traad la tha
apparaat dlgaatiblllty wltb laoraaaad protala ooataat of
th« dlat, thls 1« aot statlatloally «lgaifloaat.
Faadlas rata alae aaaaa to bara ao slgaifleaat «ffaet oa
apparaat dlgaatlblllty altbougb tbara aaa aa laoraaalaf

traad wltb daoraaalas faadlag rat«.

Za thla «xpariaaat atrtpplag aaa uaad to oollaot
tba faacaa. Tbia aatbod iatroduoaa a atraaa to tha flab
«la at"bt foroa thba flab to vold tba faoal aattar or
lataatlaal ooataata. KoMavar. tba otbar aatbod«
avallabl« for faocal oollaottoa that do aot tatarfara
wltb tba aoraal aotlrity of tha flab «uob aa faoal
«attllaf or trougb aattiaf algbt ba aot «ultabl« ta aa«
Matar . Farrarla at. al. <1980) aotload «alt
ooataalaatloa of aaapl« froa «aa «atar allkftab, wbiob
aaa aot «bowa la tha fraab Matar «aapla«. Tbua, It
aaaaa at praaaat tbhat tbar« 1« ao optlaua aatbod for
faoal oollaotloa la aaa Matar. Tbl« polat raqulra«

furtbar raaaarob.
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It la raallaad that aaaual atripplaf aay laad to
tha oollaotloB of laocoaplataly dlgoatad food raaultlns
la aa uadaraatlaatloa of dlgaatlblllty <Talbet, 100S>.
Tha apparaat ~otala dlgoatlblllty obtalaad la thla
atudy appaarad to bo loaar thaa that raportad bjr Jauaoap
(1062) for flah aaal la aplta of tha fact that la both
atudlaa focal aattar waa oollaotad by aaaual atripplag.
Tha vary good growth rata of n. apiiurua with Hlow
protala lataka auggaota a good pyotala dlgaatlblllty.
Al-Ahaad at. al. <10d0> found that o. apiiurua la aaa
watar ara aora proaa to atraaa oauaad by haadllag.
Tharafora, tha low apparent dlgaatlblllty obaarrad la
thla atudy could ba duo to atraaa eauaad by annual
atrlpplng la aaa watar.
<> Qrowth at Largo Q apiliiciHit

Tha largo Q- lufua uvaad la axparlaaat 3 fallad
to grow, Tha condition of tha flah bafora tha
axparlaaat waa poor, aa awldaat by tha poor parforaaaca
of tha flah during tha aaooad orarwlntarlag period.
Coadltlona wara axpactad . to Improve under tha
anrlroaaaat and faadlag oondltloaa provldad by tha
axparlaaat, but no ouch laproraaaat waa noticed within
tha flrat 1.S aoatha of tha axparlaant. Tha aaparlaaat
waa ooatlBuad bacauaa of tha unavailability of othar
atook of flah. Thla failure la growth of largo Q,.

apllucii* ralaaa throe poaalbllltlaa; tha ra”ulraaaata
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of tb* flab «wr« not a*t, tba flsb M»r« stra— d, or tb*
fiab war«  ~yslalogioally lapatrad by aarltar

ooaditlena.

Xt auat ba notad tbat tba aaaa faad Ingradlanta
«tara uaad tar aaall flab aa for tba larga oaaa. Tha
raaulta obtalaad froa tba aaall 0. «ptiurua indloatad
that tba faada tonailatad froa tboaa lagradtaata «tara
utlliaad and afflelant In prdaoting Fflab gro«tth.
Hxtarar, a dlffarant batob of Ingradlanta «ata uaad for
foraulatlng tba faada of largo n. mptiurui. DIffaranocaa
In tba nutrlant a«rallablllty bat«taan tba o batebaa ara
poaalbla <IUlllkla, 1M2; Klobaal >a«, para. ooaa.).

In ordar to a«raluata tba amllablllty of tbaaa
dlata a eonflraatory taat «taa oarrlad out ualng a atook
of flab «tblob bacaaa aaallabla latar. Tboaa flabaa «ara
gro<tn up to 200~2S0g btt baforo uaa» to a«rold any alaa
affaot. Xn tbla taat only ona dlat of tba tbraa
axparlaantal dlata (41.2S« protoln) «taa uaad, fad at 2»
Ixt/d In duplloata (10 flab/S00l tank) and ooaparad «tltb
a oontrol oocaaarolal dlat of 402 protaln. Tha

axparlaant «za parforaad for 2.S aontba.

Tha raaulta abo«t that thoaa flabaa fad on tba taat
dlat «tara abla to gro«t ooaparably «tltb tboaa fad on tba

ooaaarelal dlat and tbara «aa no algnlfloant dlffaranoa

Vv
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in th« growth roto botwooo tho two. It woo thuo
00BOludod thot tho toot dloto uood to food tho lorgo (L-
ft iurti» In oxporlooot 3 woro not ot foult, but thot tho
probloo loy to tho floh tboooolroo.

Tho Tfolluro of thooo Tflohoo to grow probobly
ladleotoo thot thoy woro otrooood, poooibly froo oorly
oxpoouro to high oollBlty which sight horo hod o
0ooUIOtITO BOgOtIWO offoot OB thO "fIOh gTOwth. bOOOOIBg
portloulorly opporoBt OBly 1b lorgo floh. Thlo would
tOBd Bot to bo oupp<»>~tod by tho rooulto obtolaod ob tho
oooo opocloo 1B Kuwolt, whleh goaorolly ohow rory good
growth roto of lorgo n. «piiurm« in ooo wotor la both

000 00goo and tanks.

Although thoro was ao dlooooo dotoetod with thooo
flohoo, tho probloo of pothologlool otrooo eoa aot
oooplotoly bo Ilgaorod. Aaothor footor ooy hato boon
thot tho lorgo o. spiiurus woro tho OO0OB ao thooo uood
IB tho flrot trlol tho yoor bofwo. During tho flrot
ooporioant tho floh woro oooplod ovory two waoko, during
whloh tho oollootod fry oad oggo waro thrown away. Thlo
proooduro probobly oouooo tho floh to opown anro
froquoatly thoa noraol. By tho ond of tho trlol, tho
oad of tho ouaoar soason proToatod any ohaaooa for tho

stock to OToreoBO tho oxhouotlon eouood by ororopowBIng.
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Th« Mapliaf proo*dur* la similar to tbs wsskly
try eollsotloa proosdurs praetlosd at KI8>. la botb
prooadurss. tbs fry sad tbs sggs ars rsaovsd from tbs
parsat®s taak. Similar offsets bars basa aotlosd oa tbs
growth rats of o. apiiurua apawasrs osar a two year
psrlod at KXn. Al-Abmad at. al. <1086) sbowad that botb
small aad largo spawasro la braoklsb aad ssa water
maaagsd to spawa aad grow durlag tba Ffirst spawalag year
(May - Oetobsr). but wbsa used Ib tba followlag year,
apawalag potaatlal dsorsassd wltb almost asgllglbls

growth durlag tbs S moatbs spawalag psrilod.
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Tte eetimtloB of emmonlo oxerotloa rat* eaa
prévida valuabla taforaatloa for aora thaa oaa flald la
aquaoultura. Slaoa aaaocala orlflBataa aalalp froa
protala aatabollaa (Vaarda, IMS) Ita aaaauraaaat oaa ba
uaaful la aaplalalac protala utlllaatloa, particularly
aa a aaaaura of tha balaaea batwaaa protala and anargy
eoataata of tba dlat. Braflald (IMS) raportad that tba
aaouat of aaargy loat la altrogaaoua aaoratloa,
laoludlag aaaocala, Ila aodast (approx %) but
algalfloaat, aad aooouat auat bo taina of It whaa
ooaplllag aaargy budgata. Flaally, alaoca aaaocala Ila
toxic to flab. Waada (IMS) raportad that altbougb xaay
faotoro affaot aaooala toxlolty tba affoet of avoala
dapaada largaly oa axpooura, wbleb la a fuaotloa of

axoratloa or axMoala produotloa by tba flab tbaaaalvaa.

Aaooala axoratloa la lafluaaoad by aaay faotora:
aa anaoala orlglaataa aalaly froa protala aatabollaa,
aay fTactor that affaota protala aatabollaa aad/or flab
aatabol laa would affaot aaaoala axoratloa rata.
Savartbalaaa. Paulaor (IMO) atudylng tba affoct of
protala lataka, taaporatura, aad flab also oa aMoala
output la brook aad ralabow trout fouad that altrosaa
ooaauaptloa waa by far tba aocat Igmrtaat factor

lafluanolBg aaaoala axoratloa, followed by flab alaa.

Vv
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Tabi* 4.1 «uaMTIM« mamm at tb* avallabl*
Iltaratura oa tba attaet at protaln lataka oa aaaoaia
output froa wbloh tuo aajor approaobas oaa ba
ldaatiflad; aaalpulatlac faadlas rato aad obaaclag
dlatarp protala lavai. Froa thla tabla It appaara that
moat of tba faadlof rata studlaa «tara parforaad wltb
aatural diata aad oaly llaltad laforaatloa uaa avallabla
oa tba affaots at foraiXatad faads. Oa tba otbar baad,
tba affaet at dlatary protala lavai, oa aaaocala aacratloa
Noa uaualljr atudlad la protala sparlag studlaa. Tha
oobbiaad affaot of faadlag rata aad protala eoataat of
tha dlat usa atudlad oaly by Baaalsb aad Thoaaa <1984>
Witb ralaboa trout, ubila tba affaot of body walgbt oa

aaaoala output usa atudlad for ralabow trout, brasa, aad

Thara la llttla avallabla data oa tba affaot of
pratala lataka or body ualgbt oa oMoaia axeratloa rata
for tllapla. Tba objaotlva of tbls study la, tbarafora,
to daflaa tha affaot of botb faadlag rata aad protala:
aaargy ratio of tba dlat oa aaacala axoratloa rata for

tuo ailaaa of o. apiinrti» bald la aaa uatar.

la addltloa to Ita affaot oa asanala output
faadlag rata la partloular baa a slgalfloaat
ooatrlbutloa oa otbar laportaat aatabollo paraaatara

suob as oxygaa ooasuaptloa <Jobllag, IMIb) .
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fvrth»rmorm, ufm, th« Mcond akjor nltroganou« twst«
<VMrd«( 1983> sight to* affsotsd *1m by protsla latalM.
mettaatloa of thoM paraaitéra aad eorralatlag thaa with
food lapwt Bight add a wuaaful ooatrlbutloa to
uadarataadlag tha affaot of food oa fish aatabollsa as a
wholSi sad la tura oa tha owarall protala
latafea/aatabol Ita output/growth ralatloashlps typical of

lataaslva aquacultura.

Owsrall aathodology was alailar to that daacrlbad
la Chaptar 2> Tabla 4.2 suaaarltas aoaM of tha

aaparlaaatal ooadltloos.

<> VIlah Stookt

Tha saall aad larga o. «ptiuiru« usad la this study
«@ra tha aaaa batch usad la tha growth axparlaaat
(Chaptar. 3). Tha alas of tha aaallar fish raagad
batwaaa 50.03 to 110.03g bw, idilla It was batwaaa 271.18
to 310.78g bw for tha larga oaaa. Thraa dIffaraat
stooklag daaaltlas; 20. 18 aad 7 flsh/taak wars usad
*bh saall fish fad oa 2, 4 aad 8% bw/d raapaotlualy.
As faadlag rata was fouad to bava a slgalfloaat affaot
oa oaygaa ooaautloa rata, this wm aaeaaaary for
aalatalBlag a ooaataat oxygaa laws! la tha taaka ovar
tha vary wlda raaga of faadlag ratas usad. la ordar to

asistala a alalaua aceaptabla oxygaa laval <3«g/1> with
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all fMdlag rat«« It *mm naeaaaary to adju«t «tthar tha
watar tXaw rata or flak btoaaxa> It ha« b««a «aatloaad
la Chaptor 1 tbat flah «ctlrlty, *<hleh 1« affaotad by
tha »«tar fio« rata, «akaa a «ljatfloaat ooatributloa to
auMoala «xoratioa rata. Oa tba otbar haadi tba affaet
of «tookins daaalty on «aMoala ««erattoa rata l« aot yat
olaar. Tbarafora, la tbha abaaaca of a olaar
ralatloaablp batwaaa «tooklas daaalty aad «a«oal«
«aoratloa rata «od wltb thba praaaaca of a olaar
ralatloaablp batwaaa «ablaat oxygaa eoaoaatratloa aad
fio« rata «ltb aaaoala «xoratloa rata, It «aa daoldad to
«djuat tha «tooklog daaalty to «alatala a eoaataat

oxys«a laaal.

<3 POod aad Paadlag»

Tha «aaa faadlag raglaaa uaad «ltb ««all aad larga
fleb la Chaptar S «wra uaad la tbla atudy. Tha flab
«ara «llowad to «oollaatlsa to tbha «aparlaaatal faadlag
ragia« 10 daya bafora tba aaaauraaaata «ara takaa. Tbay
«ara fad S tlaaa a day at 8. 12 aad 18 br aad oa tba day
of Matar quallty aaaawraaaat «aob aaal «aa «algbad

lodividually.

3> loldlag Taahai
Tbraa * SCOI 1808 taaka ««ra covarad «itb
traaaparaat 2«b tblok flbraglaaa «baata. boltad arouad

tha taak «dgaa. lubbar «trlpa «ara flttad batwaaa tba

Vv



-3 -

tanta and tta abanta as a watar and alr saalaat. A
saall bola at 9cm dlaaatar ana anda ta ona ooraar af tba
oorar, naraias for Tflsb obaaraatlon, faadln(. aad
aaargaaoy aaratloa. Durlnf tba aaapllag day tbis bola
waa oloaad wltb a rubbar atoppar. Anotbar bola of
approxlaataly tba aaaa aixa ana anda oa tba uppar and of
tha taak. To tbis bola a ooupllag ana flttad abiob ana
usad for tha aatar Inlat. Ftg. A.1 aboaa tha baalo taak

daalga uaad altb aaall o.aptim-ua.

For tba largar flsb tba aaaa spataa ana appllad
but altbout uslag tba tank corara. Sia uaoovarad tanta

aara preparad for asparlaant 2.

<> «atar FXoa Spstaat

la ordar to bara a ooaataat aad ooatrollad aatar
floa rata a ftxad spaad aaall aquartua pu” ana uaad for
aatar lalat. To stablliaa lalat aatar “aaaura anotbar
SO0l fibraglaas taak ana usad as a ooaataat baad
raaarrolr. Tbis raaarroir ana suppllad altb rlgoroua
aafitioa prorldad by alr atona. Tbis ana tha oaly aaaaa
of aaratloa uaad. Tha puapad aatar floaad tbrougb a
aaall bona to tha tank. Tha 2* orarflow pipa ana uaad
aa usual aaoapt tbat a 1" alboa ana finad te tba pipa
and. To fili tba tank ooaplataly altb aatar tba ataad
pipa ana alaratad and tba aatar ana alloaad to orarfloa

froa tba taak adgaa. This ana dona to praraat alr

Vv
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bubbIM balBg trapped batwMa the «wter Mirfaoe aad tba
eovars. After 2-S ainute« the aorewe Mere elosed
tightly, the eeell obeerretlon hole eee covered ead the
water wee ellowed to drain frt» the etaad pipe which wee
kept at a fined poeition. Thie eethod of tank filling
THf iieiieccery for the uneovered taake uaed in
expwriaent 2. The water flow rate in both enparieenta
wee aeaeurad every two houre during the enisling day
fron the outlet atand pipe by neamring the tine
required to fill a 11 naaeuring cylinder and wee found

to be about 3.51/tank/nin. (Table 4.2)

(B Binarlanatal Protoooli

Sinoa only 3 tanka wera prepared for enpariaant 1
with aaell o- aptiurua. each tank wee aaaigned for a
traataent, so that within each aaapling day only 3
feeding reglaee ware teeted. The feeding regiae wee
aeleoted on the baaia of feeding rate, ao that within

aa™ling day the 3 groupa of fiah received one
feeding rate but 3 different dieta. To teat another
fnading rate the aeae diet wee fed to each group and
only the feeding rate wee adjueted (Table 4.3). For
large (L. la enperlaent 2 tbe aaaa enperlaantal
protocol wee followed eaeapt that each feediag regiae

wee ajpplied to two replicate tanka.



N

Tabl* 4.S SuaMry for oxporlaaatol protooool uood with

maoll Q.wplluri.«.

Tank So: 1 2 3

Faad Typa <protaln S> 24.04 34.44 43.35

Faadlng Kata (1st aaapllng day>< 2« 2« 2«
(2nd aaapllag day): 4» 4» 4«
(3rd aaaplIng day) O« O« O«

Votoi Ton day« MparatM tho Mapliaf day tram tha aaxt

oaa.

e Moh Ifcaaiirasaatoi

Total fish walght was aaasurad tilth tha laltlal
elocking to tha tank, la, 10 days bafora aaapllas
Tha total welght was aaasurad again 3 days aftar tha
watar aaapllag day and tha total flab walght on tha

aaaplIng day was oaleulatad froa thaaa two aaaauraaants.

<> Vatar aa™llagi

Tha tanks wars flllad and saalad ona day bafora
wntar sailing. Vith anil Q. apiium» watar aaapllag
mtartad froa O aa and ooatlnuad atrary 2 hra until 0 aa
tha following day. wblla with larga fish tha «star
eeapllng atartad froa 0 aa and eoatlauad avary 2 hra
«1*0 until 10 pa of tha aaaa day. Tha aaaonla aaeratlon

and oaygan oonauaptlon rataa batwaan 10 pa and O aa was

Vv



o*leulat«d M th* —ll of those two velues. Vith esell
fish esothsr Mspllag dsy wes tehee for esaoele eBelysls
only from 8 ea uetll 8 pa only to oheek dey to dsy
eerlstloB. Is ell oesee 3 sespies for esoh pereseter
were seesured et each sesplies tlse. To oeleulete the
eaauat of essoete, esoreted uree eed oxygen eoasused et
say tlsa the following forsule was used as suggested by
Caushlk (1080):

l« - To. C XV
where, To “ voluae of water la the teak
C m rarlatloa la aaaoBla-altrogea <Ci-Ct—«.>
ooBoeatratloa
Gt = seen of naaiala-altrogea ooaceatratloa
betweea two latereels
<Ct>C4-«/a>
T m flow water/UBIt of tlaa
t m unit of iBoreaaat la tlaa <2hr>
easoBle-altrogea aaoretad by Ffish per unit

tlae retained

The aaea ealue of 3 water replloates was oaloulated
first for each ahr period, sad then the average dally

aaaa mss used for statistical analysis.



<1> Bffoet of ProtolB Tm Bt Of tka Dlot*

maoratloo aatoi

Pretala loval of tha dlat algnlfleantljr affaota
<p>0.01> aaooaia aaeratloa rata In both aaall and larga
Q- ftiuruo. daooala aaeratton rataa for both alsaa ara
ahoan la Tabla 4.4. Tha orthogonal polynoalal coatraat
AIOTA taat ahowa that tha affaot of protala paroant of
tha dlat on aaooala aaoratloa la linaar for both alsaa.
Thla aaaaa that at oonatant faadlag rata tha hlghar tha
protaln ooatant of tha dlat tha hlghar tha aaooala

aaoratloa rata.

Thla l1laaar ralatloaohlp la auaaorlaad la Tabla
4.S and ahoNB la riga 4.2 and 4.3. Tha nagatlva valuaa
of he ladloataa tha aadogaaoua aacoala aseratlon rata at
starvation whloh rapraaaata a flah la a nagatlva
aitrogaa atata. Tha saro aaoonla axoratloa rata of
thla llaaar ralatloaohlp doaa not rapraaant a oondltlon
of no aaooala aaoratloa baocauaa, la praetloa, thla la
not trua. Bowavar, It rapraaaata a flah la a balanoad
altrogaa atata, whara protaln oatabollao, and
auboaquantly aanala aaoratloa, raqulrad for Balntanaaaa
purpoaas la drawn froo aaogaaoua dlatary protala. An
altamatlva prooadura la to plot aaoonla output agalaat

food lataha as It la aaaourad la tha flah tanka. VIth
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thla prooadur* Mitrar aagatlva nor saro asBoala outputa
<fili ba plottad. Hofwaar, thla prooadura dosa not
diffaraatlata bat«iaaa tha aouroa of tha asoratad aaaoala
«fhathar andogaaoua or asogaaoua.- Tharatora, tha flrat

prooadura Naa adoptad la thla atudy.

Tha aaalyala of oorarlaaca auggaata that tha 3
alopaa for tha 3 ragraaaloa aquatlona rapraaaating tha 3
faadlag rataa ara not aqual at 0.0S lavai for tha tuo
alsaa, and tharafora a eoaaon ragraMlon alopa eannot ba
ooaputad. Tha Tukajr taat ahoaa that tha ragraaalon
alopa for tha loMaat faadlng rata <2t for aaall and 0.S%
for larga alsa flah> la algnificantlp lo<*ar than tha
othar two alopaa, batifaan tfhilch thara «taza no algnlfleant
diffaranoa. Thara ana a high corralatlon ranglng froa
0.oe to O.M bataaan aaaonla asoratlon rata and protaln

paroant of tha «Hat for tha tifo alsaa.

<a> Bffaot of «aadli« lata oa iMnnla Baoratloa Batai
Tha affaot of faadlag rata oa aaaonla aaoratlon
rata for aaall o. apiiuma waa llaaar <p>0J0.28> but
flth aoaa curvatura <p>0.039>. Tha ralatlonahlp for tha
3 asparlaantal dlata la asplalnad bp a quadratlo <aaooad
dagraa  polynoalal) ragraaalon. Tha  ragraaalon
ooapoaanta ara auaaarlaad la Tabla 4.0 and ahoim la Plg
4.4. Tha nagatlva valuaa of ba Indicata tha andogaaoua

aaaonla aacratlon at atarvatloa. Tha 3 ragraaalon



 —

« S. S.

<< @V
mMOXK Mil (tl»/B)

MUclaMhtr bckMMa m m U aaeratioa rat* aal faaltat
rata far aaall O.aallaraa fai aa 3 Itacai 24.94% (O),

34.44% (O> aal 43.39% QC3 rrocaU.

Si—r« 4.4



lkU* 4.4 Kfaet of CM4 m MtakoUtM fwfcietto* U O .oU w .

Biadlag lata Fiatala laMala aacratioa tlaa Ona aan
XW/D X nHtita/9
0.00 0.00 71.52 3.03 -
2 24.A4 5404« 4 U« 20.00
3444 171.17* 424« 130.92
43.55 301.1t*e 0.13« 124.73
4 24 _M 24951 0.73* 99.n
34.44 37245« 0-25« 124.34
43.35 405.24« 7.9« 107.33
d 24.A 223.70* 12.40* 2497
3444 251.30* U.H* 221.90
43.35 410.10« U.45* 94 _M
0.00 0.00 97.20 1.92
0.5 20.00 174_.00J* 1.04«
M.00 220.00%« 2.43**
41.25 27904« 1.91«
1.75 20.00 245 _H*« 2.53f*
30.00 250.54*«
41.25 7.404 3.2r*
33.0 20.00 134 54« 3.24*
30.00 250.an 3.04*
40.00 40434 3.17*
>0t«t 4«tter* ara ac«t sicalfleantiy diffaraat at O.0OS latrai.
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XkUa 4.5 aMoala ansatlaa tata, as/Xs/hr(T) aa a faaetloa af psatala
at af tha fiat X)-

Ilah  Baadlag lata bg ItsadarO araar r IS
ttea XN/B af latlaata
taaU 2 4.024 0.3A4 1.909 0.97 094
4 -2.207 0.443 1.0 0.9 097
- -2.772  0.420 1.440 0.9 0.97
lassa 0.3 -2.034 0.30 2.017 0.97 094
1.79 -4_0ON 0.420 9.313 0.97 0.9
3.0 -3.974  0.403 4.271 0.M 0.92

XkkU 4.« Unii- onraeloa nta» mg/Xs/hr<T) aa a foaetloa af faadlas
lata, ZW/B (X) far aaall O.aaUataa.

Prot<la Z h. Ih .T ItaXx Itaadasd Issar r
of 4iat af aatlaata

24.94 -3.401 4.430 -0.397 9.4 3.4 2.409 0.92
34.44 -3.904 0.194 -0.9499 U.09 4.0 2.419 0.01
43.29 -2.444 0.904 -0.99 10.40 4.40 1.904 0.00

TalUa 4.7 tesala aaesatlaa tata, as/Is/kz00 aa a faaetlaa af statala

lataka g/1s/BOC)*
Piai bg Otaafati assar r IS
lisa af aatlaata
teli -2.413 1.430 -0.037 3.39 0.01 0.79
lassa 3.443 1.943 - 9.0U 0.73 0.4

coo
8RR
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OUrvM show < pCMItIT* [1IBMT r*latiOMhlp

mamante «aeratlaa rat* and fMdlag rat* up to A% bw/d.
At blgiIMr fMdlas rata (0% bw/d> it aaaaa that thara la
e daollaiag traad la aMonla aaoratloa. Thta la avldaat
with tha aagatlva aalua at bs for all tha 3 ragraaaioa

ouraaa.

VIth auoh a quadratic ragraaaloa It la poaalbla to
oaloulata tha «aaiia valta of T with Its oorraapoadlag
valia of Z. Thaaa valuaa for tha 3 ragraaaloaa ara
ahowa alao la Tabla 4.0. Thla ladleatas that thara la a
positiva ralatloashlp batwaaa protala paroaat of tha
dlat aad tha aaalaua aaaoala asoratloa ratas. It also
ladloatas that thla aaalaua asMoala aaoratloa rats Is

aohlavad at lowar fsadla« ratas with high protsla dista.

Slallarljr tha factorial APOTA tast sho«« that
faadlag rata has a slgalfleast affaot Cp>0.02S> oa
mmnnU asoratloa for larga n, aptluma <Tabla 4.4>.
Bowavar, tha orthogoaal tast Tfalls to dasoaatrata
wbathsr tha affaet la llasar or quadratic. Aotualljr tha
ralatloaahlp froa saro ratios up to 1.78» bw/d saaas to
ba llaaar for all dlata. Howavar, tha ooafllots cosa at
tha hlghast food ratios. Vith tha low protala diet
<80S> thara was a raduotloa la aasoala asoratloa at a
rata of 3« bw/d, wharaaa with tha aadlua protala dlat

C30»> asBoala asoratloa rata did aot laorsaaa with tha

Vv
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iBorMM of foodlag rot* tram 1.7S to 9% bw/d.
muggoottac that a platoau ham boon raaobad. Howavar -
wltb blgb protalB dlat (4l.as«<> tba llaaar rloa ta
OMOBta aaeratloa notload froa saro ration up to 1.7SS

bw/d wam eoatinuad up to 3% bw/d.

(S Oualilaail Bffaot at Frotala Faroaat of tha Olat and

Multipla Ilnaar ragraaalon aquations aara
fomulatad tar aaall and larga o. %ptiurus to show tha
slaultaaaous affaot of tha two axparlaantal factors on
aannla aaoratlon rata. Only thoaa factors which bara a
significant affact by tha orthogonal polynomial contrast
AMOFA tsst wars Inoludsd la ths ragraaslons (Tabla 4.8>.
For saall o. spiiui-uw it saaaa that faadlng rata has tha
aajor affaot on aasonla ancratlon rata, wharaas protaln
lavai of tha dlat has only a saall contribution. For
larga Q. ~ iiuthw. howavar, faadlng rata was not
Inoludad In tha aultlpla ragrasslon bacauaa It was not
poaalbla to dsflna Its affaot, whathar [Ilnsar or
quadratic. This Is probably tha raason for ths fairly

low R* valua.

<4> Mffaot of Froétala latate atlc

Vhan tha A faad coablaatlona wars axprasasd as a

protaln Intafea <g/kg/d> two dlffarant ralatlonahlps wars

Vv
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fouad for tba tMo atsM. For «aBlIl o. »piimni» «
giMdntlo r«gr«— lon «xplatM tha ralatioaaktp wharaaa
far larga flak tt aaa llaaar. Tka ragraaaloa eoapoaaata
ara ahowa la Tabla 4.T aad Figa 4.9 aad 4.0. Tha
oorralatloa batwaaa protata lataba aad aaaoaia aaoratloa
Maa aot «ary blgb altbougb tt aaa btgbar far aaall ftoh
(0.ai> tbaa far larga (0.79). Tbta probablp raflaota
tha dIffaraaea tn tba aoda of aettoa bataaaa protata
lavai of tba dtat aad faodtag rata oa aaaoata aaorattoa

rato.

<B> Olaraal Fattara of A™aoata mauialloat

Tha dluraal pattara of aaaocata aaorattoa for aaall
o. apillimi» e obowa ta Ftga 4.7-4.10. Oaaarallp tba
affaet of faadlag rata oa thba dluraal aaaoata aaorattoa
pattara for aaall Q- «wa aora proaouaoad tbaa
tba affaot of protata lavai of tba dtat. lowavar, tba
affaot of protata paroaat of tba dtat oa tba dluraal
aaaoata aaorattoa pattara waa avtdaat at tba loaaat
faadlag rata (30 ba/d>. Tabla 4.9 auaoartaad ooaa of
tha aoot taportaat obaraotartottoa of tba datlp aaaoata
aaorattoa pattara ouob aa poak aaaocata aaorattoa rato,
ttaa of paak appoaraaoa, aad duratloa of tba poak for

tha two otsaa.

Far aaall Q. apib»=a> aad at 20 ba/d tbara aaa a

aaall paak of 19bg WBmW/kg/hr atarttag aftar tba an-alag
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takle 4.0 Haltlala liane regmalea eeaaeants for ntintin
iaanla aaesattn rata. at/cl)%/hr (;? fm faadlaa at
tha di

ZW/S) n4 itotela faceMt at (Y
nah Varlakla Coafflelnt St. Iriaref Se. Inar 1*
tlaa Ztn lag. Caaff. of latlaata
mil canmr -U.729 4.424 1.3 0.1
n _ 10.143 2032
I_(|J_1)* -1.113 0.244
0.443 0.047
Luge Coaatnt - 4.413 2.449 3.437 0.1
K 0.429 0.109
K afl 0.073 0.04
X4Ua 4.9 lapérent pcmatera ef the iolml neretlaa rate.
nah fretala  Paailag rata *aak Taine Tlaa ef féal
t 2M/D ag/Xg/hr agpaataan the
24.A 2 343 71*
3A.44 2 14.99 un
43.33 2 20.11 Un
24.94 4 13.17 *1m
3A.44 4 2.4 *Im
43.33 4 24.90 7m
23.9H 4 23.33 *m
3404 4 24.17 9fa
43.33 4 39.39 Uya
20.00 0.3 10.22 5pa
30.00 0.3 13.44 1]*
41.23 0.3 14.74 un
20.00 1.73 13.724 13.U 7la4 Un
30.00 1.73 17.43412.34 lyad 3pa
41.23 1.73 41.13423.03 Un 4 7]a
20.00 3.0 0.79 7]a
30.00 3.0 24.01 3pa
41.23 3.0 3A4.23 7m
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aMl iMtlag for leac parlods <O-T kr«>. vVtth tte
43.383 protclm dl«t two 31f3 P- 3» ot Short duration
Mnro notlood. Tho firot poak, 36ag MsV/k;f/hr, mm
notiood nt 11 oa «dUlo tho oooond poak, 10of nuv/kg/hr
at T pa-

4t 43 bo/d tho oaaa pattara Mas notlood tar tha 3
dlato. Tha hlghaot poak moo raeordad at about 7 po for
ail dlato, at 14, 21 and 20as IHaV/~/hr fTor 24.04,
34.44 and 43.383 protaln, raopaetlvaly.

At 03 b«r/d tha oaoa pattara Mas aloo arldaat for
tha 3 dlato. Aftar tha nornlnd oaal aaooala rasa untll
about 11 an and thon daollnad to raaoh a laval ot alaost
no aaooala aaoratloa at 1 po. thoraaftar aaooala
aaeratloa rooa agala to raaoh a poak of 23, 28 and 380s
nbV/hi/hr batMoaa 7 and 11 po for 24.04, 34.44 and
43.383 protaln dlato, raopaetlvaly.

Tha duration of thasa paako wara about 2 hra for
dlato fad at 2 aad 43 bo/d. BoMovar, 34.443 protaln
dlato fad at 23 bu/d ahow a lonfar duration <6 hro>. At
63 bw/d tha poak lastad 4 hro for 24.04 aad 34.443
protaln dlato, wharoao It lastad 6hro for 43.383 protaln
dlat.
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Za «xparlIMat 2 mmmonXm MamiraMat« «wr« «tartad
st « aa, aadlag at 10 pa, aad tharafora tha aaaoala
aaoratloa rataa bataaaa 10 pa and 0 aa aaxt aoralag arm
aattaatad valuaa. At 0.9S bw/d thara aara ao trua
paaha. Boaavar, aaaoala aaoratloa rata aaa hlgbar alta
tha hlghar protala ooataat of tha dlat. At 1.79« ba/d
thara aara tao paaka for all dlata. Tha tlaa of tha

appaaraaca of tha paak aaa aot olaar aa ahoaa for aaall
0. «piluiif.

Thara aaa no graat dIffaraacaa la tha rata of
aaaoala aaoratloa rataa bataaaa aaall aad larga (L.
Por aaall o. aptiurua tha paak aaaoala

aaoratloa raagaa froa 9.49 to 39.30 as IbB/kg/hr,
«iharaaa for larga o. aptiurua it raagaa froa 8.79 to
34_a9%ag nU9/kg/hr. Boaavar, tha tlaa of aaaoala paak
appaaraaca aaa aora olaar for aaall flah thaa larga

ladlalduala.

<e>  Vrmm Baoratlimi

Tha uraa aaoratloa rata la auHarlaad la Tabla
4.3. It haa baaa fouad that uraa aaoratloa la aot
affaotad althar ~ dlatarp protala lavai or bjr faadlag
rato. Uraa aaoratloa rataa rangad froa 28.80 to
298.97ag uraa-B/kg/d for aaall Q- go uraa

aaoratloa aaaauraaaata wara oollaotad for larga (L.
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Tter* MM BO dally varlattoa la uraa

aaoratloB rata nnrraapnndtwg to faadlag.

<> ntragaa lalaaoa»

Tba proportloa at daily aaHoala-altragaa axorattoa
to total altrogaa latalM for saall o. aptiurua raagas
froa O.M to ai.OTS <Tabla 4.10>. It aust ba aotad that
Bltrogaa lataka rapraaaata tba actual food suppllad, aot
aacaaairlly that ooaauaad. Tba blgbaat varlatloa la tha
proportloa of aMoala-altrogaa aaoratioa nbs aotload at
3% bW/d, laoroMlac MItb laoroMlag protala ooataat of
tha dlat. RoMavar, at tba otbar two faadlag ratas tba
proportion of aaaocala-altrogaa axeratloa did aot vary

appraolably wltb tha protala eoataat of tba dlat.

Tha proportloa of dally aaaoala-altrogaa anoratloa
to total nltrogaa lataka for larga o. raagM
froa 14.23 to 08.003 (Tabla 4.10). A aagatlva altrogaa
balaaoa <-8.7S3> Maa fouad wltb a low protala dlat fad
at low ratloa. By eoatraat wltb aaall flab tba
proportloa of aaBoala-altrogaa at tba lowaat faadlac
rata waa vary blgb <87.48-06.003>. At 1.763 bw/d tbara
MM ao olaar traad la tba proportloa of aaanala-altrofaa
aaoratioa wltb dlatary protala laval wbaraaa at S3 bw/d

It laoraaoM wltbh laeraMlag protala laval.



Xikl« 4.10 «C MBMI « - BltSaCH fIM MU
mh f«r «<Mixm Alus>

TUK  WsMIm im« tioMi« Lwml mUnfM Xt@aIN amoEIA Mumtim

Um m/B z ut/Zi/D tnm
(mmlOIN/Zg/B)
MU 2 2494 790.4 UM
24 44 1102.4 171.17
42.29 1207.2 201.10
4 2494 19M.0 249.90
24 44 2204.0 2H.49
42.29 2774.4 409.24
4 2494 20024 22270
24U 2200.4 291.20
42.29 ua1.4 410.10
iM il 0.S 20.00 140 174.00
20.00 240 220.00
41.29 222 279.04
1.75 20.00 A0 24992
20.00 040 2009
U.29 1127 A7.40
2.00 20.00 0 124.94
20.00 1440 233.40
41.29 1922 404.22
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<1> SftMt of FrotolB >ireMt at tte Dl«tt
Tha oxjrgaa eoiiM”~loa ratax for tha dIffaraat
faadlat rattaaa for tha tao flah alsa« ara ahowa la
Tabla 4.4. Tha orthagOBal ooatraat AMIfk taat ahoaa
that pretala paroaat of tha dlat haa no algalfloaat
affaot (p<0.0S> on oxygaa eoaauaptloa rata for tha two

flah alsaa.

<a> Kffoot of «aadli« latat

Paadlas rata haa a hilghly algalfloaat affaot
<p>0.01> o0a oaj”™a eoaauaptloa rata for aMll
Qiapilliai. Tha ralatloaahlp batuaaa faadlag rata aad
oaygaa eoaauaptloa mm ilaaar for ail dlata. Tha
ragraaoloa eoapoaaata ara auaaarlaad la Tabla 4.11
tha ralatloaahlp la ahowa la tlg 4.17. Coig~arla8 tha
alopaa of thaaa UlIlaaar ragraaoloa aquatloaa by tha
Tuokajr taat ahowa that thajr ara.algalfloaatly dlffaraat
(p>0.0S> froa aaoh othar, and tharafora a eoMoa alopa
oaaaot ba eo”utad. Thla auggaata that protala paroaat
of tha dlat haa a algalfloaat affaot on tha alopa of tha

Taadlng rata - oxygaa ooaau”~tloa ragraaoloa ourra.

Faadlag rata waa fouad alao to hava a algalfloaat
affaot (p>0.0S> o0a oxygaa oonauaptloa for Ilargo O
mpHunig. Howaror, tha orthogonal ooatraat taat falla

to daaocaatrata tha aoda of thla affaot whathar It la
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T*bl* 4.11 ItlatloMblp batwMm osjr(«B coaauiptloB rat,
«f/Eg/D, (T>, aatf faadlag rata, UV/D, for
nail Q.«piiuni».

Itaa b» b* St. Irror of Bat. r*
24.M 144 .24 50.44 22.31 0.00
34.44 151.20 54.70 23.27 0.00
43.3S 183.71 40.52 54_.00 0.80

Tabla 4.12 Maltipla llaaar ragranloa eo”aaata whara T>oa]rgaa
coam~ttoa rata (wg/Kg/D>j Xi>faadlag rata (UV/D);
Xa”Fl a Protata paroaat of tha dlat.

Itaa 8t. Irror ot St. Error oi
Ug. Coa». mat.
M.79



/tl/f) im Ml
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11m m * or ~uodrolio* Tbo rolottonohlp boIMMO Im Albi
rata aad oaygoa ooMuaptlon rata aaaaa to ba Itaaar for
tha low protola dlat <aos> wharaaa It la quadratic for

tho otbar two dlata.

o> iMd Bffaot of Paroaat Protala aad Taadli

atai

A aultlpla Ilnaar ragraaalon aquation wnm
foTMlatad for aaall n. «piluma to abow tha affaot of
both r>B ratio and faadlas rata on oxygon eonauaptlon
rata <Tabla 4.12). Only tboaa faetora wblob bava a
algnifloant affaot by tba ortbogoMl polynoalal oontraat
ABOtA taat wara Inoludad la tba ragraaalon. Thua
faadlng rata baa tba aajor affaot on oxygon oonauaptlon
rata, wharaaa PiB ratio of tba dlat wao not algnlfloant.
Bewaaor. tba Intaraotlon batwMn tboaa two faotora wao
algnifloant. Tbla raault auggaata that P:B ratio
banoMO laportant only at a oartaln critical laval. SBB
taat abowa that all flab fad at O« bw/d abowad a
algnlfloantly blgbar oxygon coMuaptlon rataa froa tboaa
fad at 2 aad 4« bw/d.

For tba oxygon oonau™ptloa of largo i apllliruB,
howarar. It waa not poaalbla to foraulata a miltlpla
llaaar ragraaalon aquation with blgb oorralatlon. Tbla
Moa aalnly baoauaa It waa not posalbla to dafIM tha

aoda of affaot of tba faadlng rata.
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<4> DInnal Tmttmrm at Qiyiam CoaMu”™tmi

For «akll Q- »p«iuro» tha dluraal pattara of
oprgan eeamaptton sSMw approxlaatalF tha mmam pattarn
far tha 9 faadlag raglMs. Ftg 4.16-4.91 ohow tha
pattara of oxpgaa oaaauapttoa rataa orar tha 34hr partod
for atarvad aad fad floh oa 43.3S% protala dlat at 3
faadlag rataa. Tabla 4.13 ouaaarlaaa ooaa of tha
I"ortaat oharactarlatloa of oxjgmn eoaouaptloa rataa

ouoh aa paak raluaa aad tlaa of paak appaaraaoa.

Faadlag rata haa tha graataat affaot oa paak
valuaa, though at tha lquaat faadlag rata protala laral
of tha dlat ahow a algalfloaat affaot oa tha paak ralua
of oaygaa ooaouoptloa. 4t 2% bw/d thara la a poaltlra
Ilnaar ralatloaohlp bataaaa paak vallUa aad protala lavai
of tha dlat. Bouavar, at 4 aad 63 bw/d thara la a
traad, although aot algalfloaat, of lowarlag paak valla

wlth hlghar dlatary protala lavala.

QaaarallF, tha paak oxpgaa ooaouaptloa appaarad at
about 8 pa far all dlata. Two aTCaptloaa wora aotload:
34.943 protala dlat fad at 23 bw/d aad 34.443 protala
dlat fad at 43 bw/d whara tha paak waa aotload at 7 pa
aad 3 pa, raapactlvaly.
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T*bl* 4.13 Som liportut par«aitar« of tho dluraal asps««
coaauaptloa rat«.

Flab 81sa Protali % Paadlas Bata Paak Talua Tlaa of paak

m/D as/KS/kr a~aaraaca <kr>
Saall 24.04 2 41T.TO TP-
3A.44 2 340.24 5 P»
43.» 2 490.91 9 pa
A.04 4 900.07 9 pa
34.44 4 8.13 3 pa
43.39 4 949.93 9 pa
24.04 0 824.21 9 pa
3A.44 0 878.03 S P»
43.39 0 727.01 9 pa
Larga 20.00 0.9 138.02 9 pa
30.00 0.9 129.07 11 aa
41.39 0.9 03.4 1pa
20.00 1.19 142.70 5 p-
30.00 1.19 170.77 1 P«
41.39 1.1 198.%4 9 pa
20.00 3.0 171.09 9 pa
30.00 3.0 179.31 A \py
41.39 3.0 184.71 9 pa



<1) IVAIM ttM Of n~wlaratal attkodoXoBJi

m«fora dlaotiMlag th* rMulta obtatMd la tbla
-tudj It la approprlata to ooaaldar tka aathodologjr
ua«di la vlaw of tha wlda varlatloa la tha aathodologlaa
appllad for atudjrlag tkla ralatloaaklp (Tabla 1). Tkaaa
varlatloaa laoludat Jjora-faatla( a.a. aoa-faatlag;
faadlBf fraquaaoy, tank covaraga, aatar flew, atooklng

danaltp ee= ato.

Tha laportaaoa of tha aathodology arlaaa froa tha
foot that aaaoala aaoratloa la affaotad by aaay faotora
othar than altrogaa lataka <Chaptar 1> auoh aa:
taaparatura (Paulaoca, 1MO>; oaygaa CKutty, IB7a>;
flah aotlwlty CKutty, 1072) and adaptation to a
partloular faadlag raglan (Kauahlk, 19S0>. Tha raaaoa
for thaaa dIffaraacaa la probably tha dIffaraat
objaetlraa f«* whloh thoaa atudlaa wara parforand, aa a
raault of tAloh thara la an abaanoa of a atandard

anthodology .-

Tha baalo Intantlon la thla atudy wna to aalntala
tha flah In eoaparabla oondltloaa to thoaa of tha growth
oxparlaant <Chaptar 3), ao that data oollaotad would ba
ooaparabla. Thla naocaaaltatad tha uaa of a oonatant
wntar Fflow. Xt la wnll raallaad that anaaurlng flah

antabolltaa In a eonatant wntar flow la difficult <Cho
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«aA Kauahlk, 19M). Th* «jw««« uMd la thl* atudy
appaara to jrtald varj raproduotbla flow rataa. Tha
aaaraga flow rata waa about 3.Sl1/ala/taak whioh raaulta

la a thaoratloal raaldaaoa tlaa of 2.3d hra.

Vo attaapt waa aada la thla atudy to aaaaura tha
affaot of flow rata oa tha watar alatag la tba taak.
Bowawar, laaaarlaa at. al. (1IM7). 1la a alallar atudy,
olalaad tbat aora tbaa 99% of tba watar, aa aaaaurad by
a dya, waa raaowad froa tba ayataa (raotaagular taatai
1.2 a 0.7 X 0.4a daptbi watar roluaa m 1301; flow rata
e 1.171/ala/taak; thaoratloal raaldaaoa tlaa - 1.86
bra> wltbla 3-4 bra of latroduotloa. Altbougb tha watar
raaldaaoa tlaa la warlabla aad ayataa apaolflo, tbla
ooaparlaoa auggaata tbat tbara waa aoaa alxlac

atudy batwaaa aarllar aad latar outpwt.

Tbarafora, tha gradual dacllaa la aaaoala
axoratloa rata aay ba partly dua to tba fluablag
obaraotarlatloa of tba opaa flow ayataa uaad. Aa opaa
flow ayataa, bowavar, doaa baaa adwaatagaa, awoldlag tba
bulld-up of watar aaaoala laaal aad poaalbla auppraaaloa

of aaaoala axoratloa (taaaarlaa at. al., 1037).

Taaparatura ooatrol waa fortuaataly aot aaoaaaary
baoauaa of tba puapad wall aaa watar aupply aalatalaad

ralatlaaly ooaataat taaparatura <29.19 X 1.39%C>. Taak
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oov*rag* MM nMd«a Mtnljr to parait <« parallal
meMuraaaat et uaoal* eaoratton wlth oxysaa ooaauaptloB
rataa. wlth aiaiaal latarfaraaca froa ataoapbarto oxygaa
traaafar aoroaa tha tank aurfaea. Howarar. tIM loas
aoollaatioa parlad for tha axparlaaatal faadlag raglaa
<10 daya) togathar wlth tha vary aida faadlag rataa
rMulta la aa aoouaulatloa of uaaataa food aad faaocaa la
tha taak. Taak olaaalag aaa diffloult aad thla waa tha
Mla raaooa for ualag uBOOtrarad taafca wlth largo floh.
Aa thara appaarad to ha Illttla aaaocala I10M to tha
ataoapharo, It la prohably aot aooaaocary to uoa oorarad
»wwif la aoMoala aaoratloa atudlaoi though whara oaygaa

ooaouaptloa data ara raqulrad, It aay ba uaaful.

It la aaatloaad aarllar that adjuatlag- otoeklag
daaslty wlth diffaraat faadlag rataa mm aaoaooary to
malatalB aa aooaptabla aoblaat oaygaa lawal la tha
taaka. Thla waa oarrlad out to avold ohaaglag tha watar
flow rata whloh haa aa obwloua affaot oa tha Tflto
aotlwlty laval, whloh 1la tura alght .affaet floh
matabolIM aad aaaoala aaoratloa rata. Bowavar, tha
affaot of thaaa dlffaraat doMItIM waa aot poMlbla to
ba Maourad atatlatloally. la ooaolualoa, furthor
raaaaroh la raqulrad to optlaloa tha aaparlaaatal

mathodology for otudylag aaaoala aaoratloa rata.



taeratiMi

<t> Dlereel Fl«etiiatiaa at aamamiMt

OcMralljr. thm «ffset of fMdIng rat* on tte
dluraal pattarn of aaaocala aaeratloa ooaaa to ba aora
proaouBoad thaa tha affaet of protala eoataat of tha
dlat. Bowaaar. at a Xow faadlag rata <2* bw/d> tba
«ffaot of protala ooataat of tba dlat waa arldaat. Tha
mxloua poat-praadlal aaaoala axoratloa mm raaehad at
4-S hra at 2% bw/d. 11 bra at 4» bw/d aad 13 bra at 6»
bw/d froa tba flrat aoralag aaal. Xoat of tba aaallabla
lltaraturaa abow tbat tba aaxlaua poat-praadlal aaaoala
aaoratloa lo attalaad wltbla 4-8 bra froa tba flrat aaal
<Bratt aad 1978; Lald aad Srattaa, 1984; Syoblp
aad barlaa, 1977; Kauablk aad Talaa, 1988; Blllot,
1978; Cauoblk, 1980).

Thaaa raaulta ara ooi”arabla wltb tboaa obtalaad
at 2% bw/d la tbla atudy. Lald aad Brattaa <1984)
raportad tbat tba rapld apparaaoa of tba poat-praadlal
paak la aaaoala aaoratloa auggaata a faat aad afflolaat
dlgaatloa aad obaorptloa of aalao-aolda la flab, laadlag
to a flow of aalao-aolda lato tba aaluo-aolda pool. Tha
lattar appaaraaoa of thba paak of aaaocala aaoratloa
obaarvad at blgbar faadlag ratao probablp raflaota tba
affaot of food ratloa. Kauablk (1980) raaobad tba aaaa
ooaolualoa aad raportad tbat tha weluaa of faad

dlatrlbutloa of tha aaouat of altrogaa ooaauaad
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eppwTMtly hmm m* iafluane* oa thm tatarval BMd«d for
ttw rata of aaitlaal post-praadlal .aaaocata amrattoa te
appear, wteraaa tba nuebar oi aaala dld not affaot tbaaa

rataa.

Thara ara aoaa iadleatloas ot tha appaaraaoa of
aera thaa oaa paak of aaaoala aaeratloa par day at 2%
btr/d. Kauahlk <1960> fouad alao that wlth tao aaala/day
tMo paaks of aaaocala axoratioa rata wara oaly
aatabllshad 7 daya aftar tha auabar of aaala laoraaaad.
lataraatlafly lyohly aad Marlaa <1077> raportad that
tliara appaar to ba two <or thraa) paaka wltb ratabow
trout fad oaa aaal/day. Thay axplaiaad tbla by aaaualag
that tha parlodlolty of altrogaa aaerattoa la oloaaly
ralatad to aotlaity aad oxygaa ooaauapttoa la flah. la
thla atudy te@a paaka wara ebaarrad oaly wlth 43.38*
protala dlat fad at 2% bw/d. Tha two paaka wara
aaaoolatad wlth aoralas aad aftaraocoa aaala. Vo paak
*«a ebaarwad wlth tha ald-day aaal. dlthough tte
aalataaoa of aa latoraal rhytha oaaaot ba Ilgaorad It
aaaaa that tha aaeoad paak obaarrad la thla atudy
rapraaaata a poat-praadlal aaaocala aaoratloa raaultad

froa tha aftaraocoa aaal.

Tha aoat lataraatlag fladlaga la tha dolly pattara
of aaaoala aaoratloa wara obaarrad at 0* bw/d for all

diate. Aaaoala aaoratloa rata atarta to laeraaaa alowly
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mttmr aornlac aMl. locw«r, aftar about 3 brs. It
-tarta daellala® to raaob a laaal of alaost ao aaaoala
aaoratlea at about 9 bra aftar tba aoralac aaal.
Tharaaftar, aaaaala aaeratloa 1aeraaaaa to raaob a
MSiaua valta at about 10 pBt froa wblob It atarta
daollalBS agalB. Tha aala raaaoa for tbta raduotloa la
aaaoala aaoratloa obaarvad at 1 pa la aot olaar. Flab
ooaauaad tba food auppllax aad tbay «ara aatabollala«
tha food aa ladloatad froa tba oxygaa ooaauaptloa data
<to ba aaplalaad la aora datall latar). Fary llttla
laforaatloa la avallabla oa auob aa obaarvatloa probablp
iMoauaa la aoat atudlaa tba flab wara fad oalp oaoa a
dap. Ouatbar at. al. <1991) raportad a allghtlp alallar
dluraal aaaoala produotloa pattara for larga trout fad
oa 439 protala dlat at 1.9« b«r/d wltb 4 faada par day la
a raelrooulatlag ayataa. Tbay dld aot ebaarva a polat
of ao aMoala aaoratloa but tbay fouad a graat varlatloa
la amia output durlag tha 34br parlod wltb tba lowaat
produotloa rata obaarvad of about 9-9 aa aad tba aaxlaia

lavol at about 10 pa.

Altbougbh ao attaapt la tbla atudy waa takaa to
aaaaura tba day to day varlatloa, tba aaaoala aaoratloa
rata at 9» bw/d waa aaaaurad agala oa aaotbar day at day
tlaa to obaok tbla raduotloa obaarvad at 1 pa. Tbla
Maauraaaat aboaa tba aaaa traad la aaaocala aaoratloa

rata. Tbla obaarvatloa la aupportad by thba raaulta



obt«1B«d bjr Kauahlk (1MO> who fouad that aftar 7 daja
of faadlBc a flah a parttoular foadlaf raflaa tha
altrogaa axoratloa rata <aaaoaia ™ uraa> atablltaao aad

thara la littla ohaaga batwaaa day to day MaaouraMata.

<11- mtic Protata latahat

aaia axoratloa a aot ba alaply ralatad to
total protala lataka. Tha raaulta of thla atudy ahow
that tha two ooaocapta of protala lataka, protala lawal
of tha dlat aad faadlag rata, both affaet sala
axoratloa rata but thay hawa a dlffaraat xoda of aotloa.
Tha affaot of protala paroaat of tha dlat oa avoaia
axeratloa la llaaar for tba two flah alsaa aad at all
tba lavala taatad. Tha i1lopaa of thaaa IIf
ragraaalona raaga frox 0.334 to 0.403 for 11l flu
mpllunia <  frox 0.300 to 0.003 for larga
A alBllar 111 ralatloaShlp raportad for ralabow
trout <Baaalah 10041 tyehly, 1000). Dlraot
ooaparIf batwaaa tIM ragraaaloa ooafflolaata of
dIffaraat atudlaa la ooaplloatad by diffc la ualta

of mata, dlata, taxparaturaa, flah alaa ato.

Oa tha othar haad, axpraaalag protala lataha aa a
faadlag rata ramilta la a ourvlllaaar ralatloaahlp for
tha thraa axparlxaatal dlata taatad la axparlxaat 1 with
sxall n. »piiurua. Tha ralatloaahlp appaara to atart

llaaarly up to 40 bw/d aftar tdaoh It atarta daellalag
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with blgbar fMdIBg rat*. Thla daolla* la probably dua
to tha raduotloa la aaaocala aaorattoa rata obaaraad wltb
es bw/d altar 8 bra fro* flrat aaal. Blatlar
eurvlllaaar ragraaaloaa «wra fooad batwaaa altrogaa
iataka total aitrogaa aaoratloa rataa by otbar
autbora. Saalta <19T1> fouad that tha aapoaaatlal
aquattoa daaorlbad tba ralattoaablp allgbtly battar tbaa
a ltaaar aquatloa. lafaata <I»74> eaM to tba aaaa

ooaolualoa.

appaara to ba aocaa doubt aa to tba baat
~tbaMtloal daaerlptloa oa tba ralatloaablp< gavaral
atudiaa. laoludiag tboaa of Satrlta <19TI>j Saalts at.
al. <tO7T>t lafaata <1»74>: laata <1»70>; Jobltag
(IMla>i aad lamarlaa at. al. <1987>, bava darlaad
l1laaar, aayaptotlo or axpoaaatlal ralatloaablpa.
Jobliag <198la> fouad tbat bta data oould ba adaquataly
daaoribad by all of tbhaaa ralattoaablpa, but ba
ooaoludad tbhat tbay mmimd baat ftttad to aa aayaptotle
ralatloaabip. Tha data of tbla axparIMat aboMO tbat
wbaa all faadiag raglaaa ara eoaaldarad tba ralatioaabip
la eurvlllaaar. Howaaar, wbaa oaly tba aub-aatlatloa
Xaaala <Q aad 4» bw/d> ara ooaaldarad tba data oaa ba
adaquataly daaorlbad by a quadratic aad [llaaar
ralatloaabip. Sawlta at. al. <1»77> ooaoludad tbat It
la difficult to aaoartala tba propar aatbaaatloal

daaorliptloa of tbla ralatloa without a battar



UBdarstABdIBS of tho phyotolotlool MotenioM Imrolv«!
la 8DA aad altrogaa rataatloa. BaaBarlaa. at. al.
iIMT) raportad that It la Iltaly tba phyalolosloal
Mohaalaaa goaaralag tha prootaaaa  of protala
aaalaillatloa aad altrogaa aaoratloa wmj baaa a aaaiwa
oapablllty aad that, tharafora, tha ralatloaahlp ahould

ba ouralllaaar.

It la worth aotlaf that tha lowaat aaaoala
aaoratloa rata la flah fad oa «» bw/d was obaarvad at
about 8 hra aftar tha aoralag aaal. Thla tlaa la
ballaaad to ba aufflolaat to laoraaaa tha aalao aold
ooaocaatratloaa la tha blood to thalr aaxlaua laaal.
Taaada at. al. <1968) fouad that all aaaaatlal aalao
aolda la tha plaam of " attalaad thalr
— 1 laaala at 4 hra aftar faadlag. Slallarljr,
PXakaa at. al. <1®60> fouad aaalaal laaala of aaaaatlal
aalao aolda la tha plaaaa of oarp to appaar 4 hra aftar
feedlag oaaala. Tha raaaocoa for aot dataotlag aay
aMoala aaoratloa aftar 8 hra froa acaiilag aaal with
auoh a rapid Fflow of aalao aolda lato tha blood auggaata
that ao aalao aold oatabollsa waa taklag plaoca. Thla
alght haaa raaultad froa a high lataka of aoa-protala
anargy ooaauaad with auoh a high faadlag rata whloh
oould aubatltuta protala ooaplataly. Howavar, thla
aaaaa to ba uallkaly partloularly for- tha high protala

dlat <43.38»> whloh haa a total aoa-protala aaargy
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IAtate of 143.4S Seal/kg/d Mhioh le ««ury olom to th*
Bon-prot*tB <Mrgjr (137.0S Eoal/kg/d) wlth 34.943
protatB dI*t f*d at 43 bw/d. But aa «uoh «a obMrvatioa
Mas aotad at 43 bw/d.

Altaraatlvaly» tbla aoa-protaia oatabollaa atata
aight bawa raaultad froa a blgh protala lataka wbloh lad
to floodiag of tba blood bjr tha aalao aolds at wbleb tha
fish ataz~tad ralaaslag thaaa aalao aolds la ordar to
brlag tbalr Jlawal to tba tbraobold laval. Tbla
bjpotbaala alao aaaaa uallkaly la wlaw tbat tba protala
lataka wltb 43.3S3 protala dlat fad at 43 bw/d la blgbar
(17.34g/kg/d> thaa tba protala Ilataka wltbh 34.943
protala dlat fad at 63 bw/d (1d.bCg/ks/d), but ao auob
aa obaarvatloB waa aotad at 43 bw/d. Thbla laada to tba
ooaolualoa tbat tba aoa-aaaoala aaeratloa atata probably
raaultad froa botb blfh protala aad aaargjr lagaatad wltb
blgb faadlag rata. Tbla daaocaatrataa tba algalfleaaoa
of faadlag rata la aupplylag tha dlatary protala aad
aaargy raqulraaaata. Vbathar tbla atata rapraaaata
protala aavlaga or protala loaa la aot elaar pat aad
tbla raqulraa furtbar raaaarob. Howavar, It abould ba
aotad tbat tba paak aaaocala aaoratloa at 63 bw/d la

blgbar tbaa tbat at 3 aad 43 bw/d.

Thara la aotuallp a Illaaar ralatloaablp batwaaa

food ratloa aad paak aaaoala aaoratloa rata for all
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di*t«. XIBc <> ee»olud*d that paak aanata
aaeratloB rata, act total aaaoala amrattoa rata, aay ba
uaad for rainbow trout as tba basis for ooapartng tha
rslatlws afflotaaep of dtstary protala utilisation uadar
spool flo ooadltloas. This draws tbs attsatlon to tha
quasttoB of whloh paraaatsr should bs ooasldarsdi total
or paak asMonta asoratioa rats, and whteh In turn bars
tha graatast pradlotlws strangth, and tho graatast
ralavanoa to eontrolling anwlroasantal osndltloas la

lataaalwa aquaoulturo.

Tha rslatloaahlp bstwssa faadlag rata and aaaoala
asorstloa la largo o. spiimm» was aot as elaar as that
obtalBsd with ssall Tfish. Although faadlag rata
slgalfloantlp affaots assoala asoratloa rata It was
difficult to flad tha proper sathsaatloal foraula to
dasorlba this rolattoaaklp. As suggsstad la Chaptar 3
this probably rafloots thalr abaorsal physloXogloal
stats and, tharafora, no further dlaoussloa on tha
results obtalaad with Jlarge n. will ba

prsaantad.

<111> Strategy to Coatrol Aaaoaia Prodsetlimt

In sarllar study Liao at. al. <1973> showed that
aaaonla output oaa ba prsdlotsd froa faadlag rats only.
Tho raaulta obtalaad froa this axparlaaat showed that

although fssdlag rata has the sajor ooBtrlbutloa on

V.
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MMimla MMT«tlOB rata, PtB ratio ot tba dlat atlll haa
a slgaifleaat part la oaatrollias tka maannla output at
aay slvaa faadlas rata. For aaaapla, by uslag tba
Maltipla liaaar ragraaaioa aquatioa doTalopad in tbia
atudy for aaall Q- aptiurua. tba aaaoBia axoratioa rata
with 30 and 40« protaia diata fad at 4« bw/d will ba
13.19 aad 10.S9 =+ [I1.Slas/ks/br, raapaetiraly. Tbia
——— that 1iaoraaaiag protala laval ia tba diat by 29«
would laad to a 39.92« laeraaaa la aaHoala output, which

la aubataatial.

Liao"a approach calculataa aaHoaia output aa a
finad proportloa of faadiaf rata aad, tharafora, It
aaauaaa that tba ralatloaahip batwaaa faadias rata aad

anoratioa ia liaaar. Tha raaulta of thla atudy
Bafira that tha ralatloaahip batwaaa faadiaK rata aad
aanaila aaoratioa rata la ourviliaaar; thua cara auat
ba takaa ia applyiaf thla approach particularly at aaar
aatiatioa faadlag at which tbara aaaaa to ba a dacliaa

ia total aaHoala output.

Baocauaa of thaaa diffaraaocaa batwaaa diatary
protaia laval aad faadias rata oa aMoaia outputa,
aawaia produotioa rataa oaaaot ba aatiaatad aocurataly
froa protaia fad oaly. Thla 1ia ahowa froM tbha
ralativaly low corralatioa <0.01 aad 0.79 for aaall aad

larga Q.aptiuma> batwaaa aaaoaia aaoratioa rata aad
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total protola Ilataln <g/K|(/S>. Thuo for oa aoourato
Mtlaato of asBoaia preduotloa a dtffaraattatloa batMoaa
tha tae paraaatars aust ba tatea. Tha aultipla
ragraaaloa aodal daaalopad for aaall o-»ptim-ua oaa ba

uaad aa a guldallaa.

<Ir> ntrogaa aud«att

Vhtla a oo”lata altrogaa budgat eaa aot ba glvaa,
tha proportloa of aaooala-altrogaa axoratloa to total
altrogaa lataka obtalaad froa aaall Q- apiiuma Mas
fouad to raaga froa 0.87 to 21.71«. la ooaparlaoa wlth
otbar publlabad data It aaaaa that tbaaa proportloaa ara
aaallar thaa tboaa publlabad for otbar flab. For
aaaapla, Bratt aad Zala <1975> fouad tbat aaaocala
aaoratloa aaouatad to 27« of tba altregaaoua lataka for
aookaya aalaoa fad oa Oragoa aolat pallata at 3« bw/d.
Paaal ab aad Tlmaaa (1M4> fouad tbat aaaoala aaoratloa
la ralabow trout rapraaaata 20.0 - 29.3« of altrogaa
lataka. Kauablk aad Talas <1909) raportad tbat aaaoala
raagaa froa 28.8 to 43.7« of altrogaa lataka la ralabow
trout fad oa 43.4 - 40.9« protala dlat. Slallarly
Portar at. al. (1987) fouad tbhat aanala aaoratloa
raagaa froa 28 to 37« of altrogaa lataka for glltbaad
aaabraaa <3 - 90g bw> fad oa ratloaa froa 1.4 to 8«
bw/d.
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Th* low proportion of naMonln-nttrognn weomtod by
O0. apiiuTtio In tblo study st(ht rsflsot n diffsrsnos Is
tbs physiology of dlgsstlon® bstussn tllspls and othsr
epuolss* Tbsrs wns no Inforsntlon smllsbls on ths
offset of nltrogsn Intnks on nssonln output for othsr
thInpln spsolss, sad thsrsfors n dlrset oospsrison could

not bs snds.

Ths results could also bs s rsflsctlon of low
sadogsnous saaoals szcrstlon rstss In ass wntsr. Thsrs
srs SOM ladlostlons In ths Iltsrsturs showing that
andogsaous ssaonls sxeratloa rata for sarins fish Is In
gsnsral lass than that for fraah water (Portar at. al.,

1987).

Howswar, It Is Intarasting to nota that In all ths
aboTS anatlonsd studios ths fish bars bsan fsd ones par
day whsraas la this sspsrlaaat tha fish wars fad 3 tlsns
par day. It would appear that distributing tha food
orar sors than ona anal par day gara tha fish a batter
ohaaoa for aora afflolant food utilisation. Vary little
work is amllabls on ths affect of feeding traquanoy on
SMonla aaoratlen. Xaushlk <1MO> found that rainbow
trout fad twice a day lost alaost tha aaaa proportion as
aaaoala and urea alona (30h>, while this loss was still
higher <44h> In trout fsd once a day. gsrarthalass, ths

results obtained In this aapsrlaant Indloataa tha rary



S 12+ .

(ood protalB utllIMtlioB tor growth gr tht 11 a_

Plaa Baor«tiMi

Oaaarally tba vallas ot uraa axoratad ara vary hlgh
(38.80 - 231.08 ag uraa-3/Kg/0> la eo”™arlaoa with othar
data la Iltaratura. Por axaapla Kauahlk (1080) fouad
that uraa axeratloa la tma ralabow trout raagaa froa 69
to 72 ag uraa-3/Kg/D. Slallarly Portar at.al. <1987>
fouad no dataetabla uraa wltb fad gllthaad aaa braaa.
No olaar aaplaaatloa for tha varjr hlgh uraa dataetad la
thla atudy eaa ba glvaa. Howavar, It la posaibla tbat
othar axoratad altrogaaoua aubataacaa aap bava
latarfarrad MIth tha aaaljrtloal proeadura aad thla

raqulraa furthar raaaaroh.

<> Moraal (h"gaa Coaaupptlcm

Tha O faadlag raglaaa raault la approxlaataly tha
caaa pattara la oxygaa eoaauaptloa, whara It starta
rlalag aftar tha flrat aoralag aaal to raaoh a paak
valla at about 9 pa aad thaa starta daollaiag «gala.
Tha paak valla «as affaetad aalaly by tha faadlag rata.
Thla la la agraaaaat with othar publlahad Mork «dtara
faadlag rata affaotad tha paak of oxygaa ooaau~tloa la
ralabow trout (Baaalah, 1074), pialox (Jobllag aad

Savia, 1080), n. «p«lumia (Spaaoar, 1084).
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Th* durmtlm at thm pmmk exygma eonsuaptlon wu
not nffoetod groatly by «ttbor fMdlat *'s*= ““m protnln
In™"X In tb* dl«t. Bo«M~r, tb* 4S.38S protnln dl«t fnd
nt em bw/d obowo a slightly longsr duration. Baaaiob
<1074> Morkiag »»itb nkialMw trout and Jobliag and Daria
<IMO> working witb plaioa found that faading rata
affaeta tba duration of oxygan ooaauaption paak.
Howarar. Spancar <1M4> found that faading rata (2 - 0%
bw/d> no affaet on tba duration of tha oxygan
conau”™ion 1in n. apiluma in fraab watar, wbaraaa
diatary protain laral <30 - 00«> affacts tba duration of
poat-j~ndial oxygan oonsuaption. Tha anxiaua protaia
Invai inoludad ia tbia study waa 43.3S« wbaraaa it was
®0* is gpaaear”s study. Tbarafora, it is probabla that
tha aaxiaua diatary protain lavai wusad in this
nxpariaant was not bigb anougb to indues suob obangas in

tba duration of tba paak oxygan eonauxption.

<li> Oaygsa Cossusptioa r.s. Protsia latahat

Pnadiag rata bas a significant affaet on tha
oxygaa eonsuaptioa of snail Q- apiiurua In axpariaant 1.
Tha affaet of faading rata on oxygan oonsuaption bas
basa studiad by sararal authors for sararal Ffisb
spaoissi tha subjaot was rariawad by Jobling <IMIb>.
In ordar to allow a diraot ooaparisoa batwaan tba data
eollaotad ia tbia study and otbar publiabad data it was

nanassary to raoaloulata tbs food ration and oxygan
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eonmaptlon “valuM lato thalr «Mrsy ualts
<«qulTalMt«>. Th* caysaa eoaauapttoa valuaa of
apanifln dyaaalo aottoa <8DA> oaa ba ooavartad to aaargy
equtvalaat by aultiplxlas by tha ojcyoalorIflo
eoafflolaat. Although aT#a aaall dIffaraacaa la thls
ooaffteiaat alght algalfloaatly aftaot aaargy
MtIMtloaa <Braflald aad Soloaoa, 1972>, laaxaot vallas
bava basa ooaaaaly aasuaad <Coway, I8&«0>. Thba valta of
3.3A eal/~(0Oa, usad by Taadlar aad Baaalsb <1081) aad la
tha praaint atudy uaa adoptad oa tba baals of tha
studlas of Blllot aad Davldaoa (1979) oa tba aaargy

aqulvalaat of oxygaa coaauapttoa la aalaal aaargatliM.

Tba groas aaargy ooataat of tba dlat Mas darlvad
by aultlplylag tha ooastltuaats of aaob dlat, aa
datanalaad by proalaata aaalyals by tbalr oalorliflo
aqulvalaats. Thasa wars S.89, 9.48 aad 4.10 Koal for
protaia, llptd aad oarbobydratas, raspaotlvaly. Tha
raault was tbaa Bultlpllad by tha avaraga aaouat of dlat
auppliad at 2, 4 aad O« bw/d to dataralaa tba groas
aaargy auppliad to tba flab.

A llaaar ralatloasblp was fouad batwaaa aaargy
supply as food ratloa aad oxygaa ooaauaptloa. A slallar
1IBsar ralatloaSblp aaa fouad by aaay autbors, aa
ravlisNsd by Jobllag <1981b>. Tha slops of tbls llaaar

ralatloaablp raprabaata tba proportloa of tha aaargy
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latalw wbloh 1« «xpaadAd mm «paotflo dynaato aotloa
<SDA> «Bd taraad tha 8DA ooafflolaat <Jebllag and Oavla,
1980>. Tha 8DA ooafflolaata obtalnad la this study wars
0.13, 0.11 aad 0.10 for 34.M, 34.44 and 43.3S« protala
dista, raspaetlraly. Publlsbad tsituss Tfor tbs SDA
ooafflelsat rangas froa 0.00 to 0.30 <Jobllag, 10SIb).
Ths aaluss obtalnad la tbls study fall wltbla tbs ranga

of publlsbad saluas.

Tbs protalB psrcant of tba dlat did not basa a
slgalfloaat affaot o0a oxygan consuii“tloB rats as
ladleatsd by tba eoatrast polynoalal ABOVA tast.
Slallarly, Seballas and Vlsslag <1070) found tbt SDA nss
uaaffaotsd by dlatary ooagMsltloa la blua gill suaflsb
fad foraulatad dlats wltb protaln ooatsat ranging froa
34 - 4S0. Furtbaraora Hogsadoora <1003) found that tba
eoablasd sffaot of body aslgbt and faadlng lassi nss
raspoBslbls for 00.3% of tbha sarianoa la tbha oxygaa
coasuaptloa data la African oatflsb <QXajcjlas.JIAZSEX™
wiMrsas dlat coaposltloa bad no significant affact on

oxygaa coasuaptloa.

It saaas. bowassr, that tbara Is a saall nagatlsa
rslatloBsblp batwasB dlatary protaln and SDA
ooafflolaatat la that tba blgbar tbs dlatary protala
tha losar tbs SDA coafflclaat. Tbls contradlcta

asallabls publlsbad data on tba affact of protaia
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eoataikt ob 8DA. Thu«, < pooltlvB rolatlonshlp batwMB
protalB BBd SDA oo*»tol*Bt MU FBportBd by Cho «t. «l.
(IftT0) «Bd JobUng BBd DbvIb <1080> Morklas »flth ralBbow
traut BBd plIBIcB, ruBpootluBly. Ib thlo study oBly st
low fBBAIBS FBtB <2» bw/d> B pOOItlVB rSIBttOBOhlp WBB
XOUBd bBtWMB prOtBIB COBtBBt OF thS dISt BBd OXygBB
eoBsuaptloB. Howsusr, st 4 BBd 8% bw/d thsro bbbbb to
bB B BBgBttVB rslstloaoblp bBtwBBB dlIstsTy protBtB
OOBtBBt BBd OXygBB COBSU™N)TIOB.

Tbls probBbly rsoults fro» tbs Ibubfob
FBIBttOBBblp bBtWBBB dIBtBFy pFOtBIB COBtBBt BBd BCtUBI
food eOBBUINMIOB  <CbBptBF 3>. ThBFB BFB  BOBB
lodiCBtIOBB dBFIVBd fFOB thB f00d FBtiOB “ 808
FBIBtIOBBblp for tbB 3 BXpBFIBBBtBI dIBtS SUggBBtlng
thBt thBFB IS B BBgBtlUB FBIBtIOBBblp bStWBBB BOtUBI
food eOBBUaptlOB BBd ~OtBIB COBtBBt Of tbB dIBt. ThB
low OXygBB COBBU~tIOB FBtBB Bt BSdIUB BBd blgb fBBdIBg
FBtBB probBbly rsflsct thbs dIfforsBCB 1b ths sotusl food
00BBUM»tlaB FBtBB bStWBBB tbB 3 BXpBFIBBBtBI dIBtB.

Ob thB OtbBF bBBd thB OXygBB OOBBUBptlOB Of iBFgB
n. »pUurtlB WBB BOt OIBBF. Ptm FBtlO did BOt bBVB B
BIgBIFIOBBt BFFBCt OB OXygBB OOBBUAtIOB BB It WBB Witb
Bmil fIBb. PBBdIBg FBtB BOtUBIly bBB B BIgBIFIOBBt
BFFBOt, but tbB prObIBB WBB tO dSFIBB thB BOdB OF
BOtIOB.  ThB FBIBtIOBBbIp WBB IIBBBF fOF 10W pFOtSIB
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dl«t <aos> Mh«r«M It MM quadratlo for tho othor two
diota. It e net elonr whotbor this oonfllot wm duo to
tho foot thot thooo flohM woro non-growing flohoo m

Indlootod in Choptor 3 or boenuM of using uneovorod
tanks. Howooor, Knights <1M3). In ouggMting a
proooduro for anasurlng oxygon eonou”~tlon |In opon
tanka, suggostod that this sathod |Is rollabia and
roproduelblo and adoquato for eo”aratlvo onorgotlo

studIM.

PurthorMTO. BlI-Zahr <poro cons) working on
eetIMtlon of oxygon eoMuaptlon rats of Juvonllo soa
broaa of KI8K using tho ansa opan tank tochnlquo
euggaetod by Knights (1M8> ooneludod that as long m
tbs oxygon loool In son wntor |Is abooo 3ag/ltho
Intorforonoo of tha atsoaphorlo oxygon to tho wntor Is
not significant for tho ostlsatlon of oxygon eonauaptlon
rata. Tbs oxyg*» loool In this oxporlaont was Mvor
bolow 3~/1. Basad on thoso obaorvatloM it sooss that
tha eonfllot la daflnlng tho propor soda of action In
oxygon oonsusptlon was duo to tho abnorsol fMdlng

physiology of tho fish thosMIlvM.






Tb* subj«ct of mmmonlm toxlotty to ttmh baa
r*o«lv*4 ooMld*rabl* ettaatlon la aquaoultura. Tbla 1«
Mialy baoauM aaaonla la axoratad by tbha flah
thaaaalaaa <Vaarda, 1M3> and tt la toxlo <liaada, 108S>,
and thla baa I™lloatlona tor watar aaaagaaaat la flah

farna.

Aooordlag to Bajrtiood (19S3> tha aoat eoanoa aatbod
for aaaluatlas aaaoala toxlolty la tha Mbr-LCSO <Latbal
ooaeaatratloa tbat billa 90« of tba populatloa wltbla 00
boura), wblob obaloualy uaaa flab xortallty aa Indax.
la aquaoultura, bottavar. tba Intaraat la not oaly to
kaow tba ooaocaatratloa of aaaocala tbat billa tba flabi
but alao to daflaa aay aublatbal advaraa affaot of
aMoala oa flab produotloa <Colt and Toobobanogloua.
1078>. Tbua, Muir <l10ea> raportad tbat aaalroaaaatal
raqulraaaata baaad oa tbraabold raluao la abert~tarx
toxlolty taata auat ba Intarpratad wltb cara for

applloatlon la tba loagar-tarx aublatbal axpoauraa.

Long-tara aaaonla toxlelty taata naoaaaltata flab
faadlng. Tba ralatlonablp bataaan food oonauaptlon and
amonla toxloltj baa baaa aaglaotad la aocat atudlaa, and
la faot aoat atandard toxloltp taata problblt faadlng.

Tbla aubjaot baa baaa ravlawad raocaatly by Baagtaoa at.
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«1. (1M6> Who oeaeludad that autrltieaal statu« affaet«
tha r«aut« of textetty tw«ta.

Aaocoala 1« praaaat la watar la two loraai ua-
loalaad onu> aad lealaad <nu*> aaaocala. Tha
ooaoaatratloa of thaa« two foraa la watar dapaads oa pd,
taaparatur« aad aallalty, with tha pB «aartlac tha
graataat affaet. laaaareh oa aaaoala toxlelty 1«
aoraalljr parforaad at a «logia pi aasualag that 1«
tha oaly toalo apaolaa aad that It« toxlolty Is ooaataat
orar tha pi raaga. lowarar, raeaat raaaarch hy Thuratoa
at. al. <1M1> Iladleatad althar that nu* Is also toxle,
or that Jlaoraaaad 1* ooacaatratloa laoraaaaa nu
toalolty. Thay rancaaaailail, tharafara, that «atar
quality eritarla laelud« eoaaldaratloa of tha pi

dapaadaaea of aaaoala toxlolty.

Although It has haaa oustoaarlly raportad that
tllapla ara wary tolaraat of high aaaaola lawala
<lalarla aad lallar, IMl), thara Is la faet wary llttla
raaaaroh oa Ilt« aaaoala toxleltyt tha paper of Boadar
and lItlekaay (IPTP) oa o- murmum mmmmm to ba tha oaly
publlahad aouroa. Other studia« ara awallabla but
ooaeara tha oultura of tllapla la raolreulatlag syataas
(Otta aad loaaathal, 1»79> aad war« aot daalgaad to
awaluata tha Jloag tara offset of dlffaraat aaaoala

lawals. Tha ebjaetlwa of this study was to awaluata the



effaot of différent uaonl* levais os ths growth ot two

stsss of n. «piiurti« la osa Mstsr st two pH Isvsls.

a»d maSfcndsi
Flah atookl
Ths aasll ftsh uasd wsrs tks Fi gsasrstloa of ths
originsl importad stock fros Kaaya, wklla tka larga flak
Mars tka orlglaal iaportad atook. Flak aara acltaatad
to saa Matar as dasortbad la Ckaptar 2. Tka sisas of

tka flak usad la tkls study ara skoMa la Tabla S.1.

BMarlasatal Forte Flaat

Tkraa axparlsaats Mars ooaduotad ovar tka 9~soatk
sussar saaaoa parlod <Aprll to August. 19dS>. A sussary
of tkasa oxparlsaats laakowa la Tabla 1. Tka
asparlsaatal assoala l"avala Msra salaetad ao tkat tka
Mdlaa traataaat wlll ba 0.Sag FH«F/1. Tkls valta Mas
reportad by Nulr (1982) as a typloal assoala laval of t
ffluaat la a raoyolad systaa. Furtkaraora, Colt aad
TookobaaoglouSt 1978> reportad tkat tka ooaeaatratloa
tkat raduoas tka grotftk of okaaaal oatflak by 90S la 0.9
mg FB.F/1.

moldlag Fystaat
Tka saa* 9001 BVO8 taska Mars usad la tka 3
asparlaaats. For axparlaaats 1 aad 2 MItk saall

3 asall oaga asta Cia Wklok tka flak Mars
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«toetod) «wr* pl«o«d la «aeb tank. ThMa oagM <48 x 48
X roeu teptk) ar* aada froa a rigid PTC nattiag with a
plaatie bottoa. Baeh oaga ooeupias oaa-quartar of tha
tank. la aapariaaat S oa larga n «piiuina tha fiah
wara atoekad diraetljr iato tha taak. ao that ao

partitioaiag waa parforaad.

Tatar Plow 8f*taa>

Vatar flow ia thaaa taaka waa aot ooatrollad froa
tha watar ialat, aa aoraallp doaai but froa tha watar
outlat. Tha watar ia actually aiphoaad out by a aaall
hoaa iaaartad ia tha 2" ataad pipa of tha taak. Tha
outflowing watar 1ia coatrollad by tha aiphoa hoaa
diaaatar, aiphoa hoaa haight. aad watar dapth in tha
taak. la thia atudy a hoaa with a 4aa diaaatar waa
uaad. Tha haight of tha aiphoa ia controllad by hooking
tha hoaa oa a chain hung froa tha adga of tha tank.
Tatar dapth 1a oontrollad by inatalliag a plaatic
ilnssatln watar float on tha M” taak ialat. Thia float
miniiTalna a oonataat watar dapth mgardlaaa of tha inlat
watar praaaura. Pig 8.1 ahoua tha baaic taak daaiga
with tha watar flow ayataa uaad In thia axpariaant. Tha

watar flow rata waa adjuatad to 280al/ain ia all taaka.

lawliia Cklorida aolutioa Ooaiag Qyataw
Tha atook aolution of nUCI waa praparad by

diaaolwiag n«Cl aalt in aaa watar and than adjuatiag pH
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wlth 10K-V_.OB. Tb* nuci aolutiOB mu puap*d wtth =
ohuul parlatBltlo puap <angm iMtruMBta - STSA). Ou
ohUmMl MU to Mob tank. Fiva lltra plantio
dark oontaturs Mar# uaad tar tba 1BaCl atook solution;
ona oontalur mu aulgn*» uob tank. Tha
parlstaltlo pui™> mu adjustad to a rata of 00sl/br for
all tanks. Thus, uob tank raocalvad tha usa Matar Tlon
rata and tba usa 1H«C1 ulutlon Tflowrata, but of

diffarsnt oonoantratlon.

Food and Fasding»

A ooaurolal, TalMauu, tllapla dlat <40%
protalB) MU wuaad In all axparlunts. Sull flIsb ura
fad OB 3u pallata 3 tlau dallp, Mhlla tba larga flab
Msra fad twloa dally on 4u pallata. Tba flsb Msra fad
up to utlatlon u Judgad bp oaautlon of faadlng froa
tba tank bottoa.

Ibtar Analpalai

Aaaonla and pR lavala Mara uaaurad tMloa a waak.
For aaaoBla datanalutlon tba prooadura of Strlokland
and Faruu <1072) mu folloMad. On-lonoaad aaaonla
lavai mu oaluolatad froa standard tablas <BoMar and
Bldvall, 1B78>. DIffarant urial dlilutlou MItb
flltarad, agad ua utar mu appllad to losar tba blgb
trutunt aaannla lavala to datutlng limt. Otbar

parautara ura aaaaurad u daurlbad In Cbaptar 2.
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Statlatloal AMITBtsi

8urrlT»l rat* « aaal]ra*d m «aaerlbad by Spragua
(IMS). Tor Malgbt ~I1B and food oosauaptlan tba
aaalyais of varlaBoa tias not parforaad baoauaa tba data
oollaotad Ib thls atudy rapraaaBts OBly obb raplleata.
Tbarafora, a ragraaaloB aaalysla mss davalopad flrat,
aad tbaa tba slgaifloaBoa of thla ragraasioB tias taatad

atatlstleally as daaorlbad by Zar (19d4>.

<1> aurvlaal >atat

Tha survlval rata Tor all tba saparlasata la abotm
Ib Tabla S.2. Vo tbrasbold aortallty <LCso) mbs
aobalvad wltb altbar tba 24br or 9«br trlal «Ith tbha
aaMOBla eoBcaatratioBS taatad. Thbust tba laelplaat LC»e
MBS oaloulatad as auggastad by Spragua <1900) by
plotttBg tba paresBt oi klllad flsb ovar a loBgar tlaa
parlod tbaa 4 days <2 waaka tiaa aalaotad la tbla study)
oa a problt-log papar. Tba aortallty curvas ara Tlttad
by aya as tba baat flt, aad ara abowa for saall aad
larga flab la Flg 9.2 aad 9.3, raapaotlvaly. Aocordlag
to tbla {»"ooadura tba laolplaat LC«o of aaall aad larga
o. apiiuinia la 2.70 aad 2.90flg IEsSV/I. raapaotlvaly. to
olaar ralatloaablp asa fouad batNsaa tba survlval rata
aad tba total aaaoala ooaoaatratloa la axparlaaat 2 tiltb

low pB.



If B silk
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<a> Qrawtk

Tin iBltlal and final Malghta aad Malght gala for
aapariaaat 1 aad S ara praaaatad la Tabla 9.3. Saportad
Malgbt galas raprasaat ths pcMlad «wlght of ail tba flab
la aaeb taak. rish stookad la tha dlffaraat oaga nata
wltbla aaeb taak la asparlaant 1 and 3 Mara poolad
togatbar. Poolad walgbts wara aot corraetad for altbar
aortalltjr or no-growtb flab. tbarafora, Mal~t gala (or
losa) oan ba dua to a ooablaatloB of tha Malgbt raaponaa
and aortalltp. Tha blgbast two aasoala coacaatratloaa
la botb axparlaaata 1 and 3 wara axeludad froa tbha
ragraaaloa aaalyala baoauaa of tba oo”lata aortallty

ocrurrlng at tbaaa coacaatratloaa.

(laBarally, tbhara la a nagatlva ralatloaablp
batwaaa aaaoala aad growtb rata. Tha ralatloaablp la
llaaar for botb IHaV and Sa»*S at tba noraal pH laval
(Plga 9.4 aad 9.9). At low pH, bowavar. tba Illaaar
ragraaaloa aquatloa fallad to dascrlba tba ralatloaablp
batwaaa growtb rata aad total aaBoala aa avldant froa
tha low t* valta (0.90). Tabla 9.3 auaaarlaas tba
llaaar ragraaaloa coapoaaats of tba aaaoala-growtb
ralatloaablp for tba two flab slxaa ealculatad aa a
pareantaga of tba ooatrol. Slaa apparaatlp aaaaa to
bava BO affaot oa aaaoala toxlclty. Tha affaetlva
aaaoala oonoaatratlon tbat raducas tba growtb bp 90%

(BC-90) waa 0.99 and 0.99ag nUV/1 for aaall and larga

Vv
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XtUa 5.3 Tt— ir lasrauloa ot Wdilit Gala (loas) aa a parease ef

tks Coaerol (1), roteas njMi/KX).

riA Sisa *0 *] r
taall 134.99 -107.82 -0.99
leste 11.27 - 95.97 -0.99

Xakla 5.4 1._leear lagrasatoa ef foed astea aa a pteeaat ef the eoatrol

(M retaua »sN™LOO .

riah Sise r
SBall 1.72 -0.59 -0.9
Larse 1.00 -0.31 -0.93

oo
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mpiiurti». raapMtlvaly. Vh*r*M tb* "ao growth"
lowols woro 1.20 and 1.1Sag IH*>/1 for kil and larga
fish, raapaotlraljr.

la aaparlaaat 2 with low pH tha data eollaotad
wara Hal tad to total aaaocala lawal of 00ag mR™-"H/I, aa
thara t«a a aachaaleal fallura la tha pu”p aupplylag
1B«C1 atook aolutloa at  hlghar eoaecaatratloaa.
Havarthalaaa, wlthla tha raaga of tha data collactad
thara was a aagatlva ralatloaahlp®™ hatwaaa laval
aad growth rata. Howavar, thla ralatloaahlp waa with a
fairly low oorralatloa (-0.71). Purtharaora, tha llaaar
ragraaaloa fallad to daacaatrata thla ralatloaahlp aa

ladleatad from tha K* walua whloh waa 0.S0.

<S> Pood Caaaa™loat

Pood eoaauaptloa rata aho«w alao a aagatlva llaaar
ralatloaahlp with ua-loalaad aaaocala. Thla ralatloaahlp
la avaaarlaad la Tabla 9.4 aad ahowa la Pig 9.0 aad 9.7.
Faad afflelaaoy ratio waa oaloulatad froa tha two
ragraaaloa eurraa darlvad for growth aad faadlag rataa.
Paad ooavaraloa afflelaaey ahowa alao a aagatlra llaaar
ralatloaahlp with ua-loalaad aaaoala aa ahowa la Pig 9.9
aad 9.7. Tha alopa of tha faad afflolaaey ratio la
lowar thaa that of faadlag rata auggaatlag that ua-
loalaad aaaoala affaota both. It ahould ba aotad,

howawar, that faad afflolaaoy ratio owar tha whola
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fMdlag r»agm im ourlltnMr <Br«tt 1079). Tb*

1IM*r
ralatlaaahlp found

in this study protnbly roflooto tbs
Italtod fMdIng rmngm (0-1.S7V BV/D) ovor wblob tbo food
«fflotonoy ratio mbs oaloulatad.
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It rMIiMd at tha bagtaatac of thia study
that axyarlaaatal raplioatioa la suoh a atar floM
syatas la dimeult. Tha aasoala lavala la tbha
Mara fouad to tluotuata durlag tha eoura of
ei~“rlaaatst tha avaraga valla uaa ooaaldarad i tha
ai~rlaaatal traataaat. Tba ooaffielaat of varlatloa
(> for tba aaaoal lavala la tba aaka raagas frea
10.94 to 48.98 for  all la axparlaaat I«
aad from 19.99 to 28.94 for larga flab la axparlaaat 3.
Za aplta of tba ralatlvaly blgb fluotuatloa la tha ua-

loalaad lavala at aaob traataaat It possibla to draw
si~la Ila ragraasloa ourvaa froa tl data.  Tha
eorralatloa batwaaa ua-loalsad ai Sail wlgbt galaa
Mas blgh <-0.99 aad -0.99 for all larga flab

raspaotlvaly). Tba blgb oorralatloa wltb suob a fairly
blgb et algbt ba axplalaad by addltlva affaet of

sala.

Ovaran. It aaaaa tbat tba raslstaaoa of aaa Matar
aoollaatad n lunia to aaaoala toxlolty la vary bilgb.
Tba laolplaat LC-80 vallas obsarvad la tbla atudy, 2.TO0
aad 2.80" 2>aV/l for sm Il aad larga flab, fall Mtbla
tha aorml raaga of LC-80 Ilavals for otbar fiabas.

and Stlekaay <19T9> raportad tbat tba 49br LC-80
foy la 2.40ag nv2/1, wblob la vary oloaa to
tha vallas obtalaad la tbla atudy. Maada <1998)
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r*port«d tkat tka MIir tC-BO valuM ruga troa 0.38 to
3.10iV nbl/1, wlth ralabew trout aad ofeaazal eatflah at
tka raspaetiva aatraM. Tka ooaparlaoa batwaaa 93hr
bC-e0 and laeiplaat LC-80 la proteblp valldi thua laaaa
aad bolatoab (m raportad that potaatlally toxio
aMOBla laaal aay ba tolaratad by tba ttab for loagar
parlada onoa thgjr bara auralrad a oartala axpoaura.
Purtbaraara, Tburatoa aad Xuaoo (1933) raportad tbat tba
LC-SO raluaa obtalaad froa 18- aad 38-day taota wltb
ralabaw trout wara not appraelably dlifaraat froa tboaa
taata oi abortar tlaa parlada. Tbua, It oaa ba
ooaoludad that £ «ptiurua falla la tba blgbar tolaraat

raaga for aaaoala toalolty.

Colt aad Tebobaaoglaua <18T3) uaad tba ooaoapt of
mC-SO for aaaaurlag tba affaot of oaasala toalolty oa
flab growtb rata. Tha K-SO for O. mpllunia fouad la
tbla otudy Mas 0.30 aad 0.S3ag 8H»I/1 for aaall aad
larga flob, raapaetlraly. lataraatlagly, tbaaa valuaa
ara rary oloaa to thoaa raportad by Colt aad
Tebobaaoglaua (1973> for obaaaal oatflob, «tblob *mm
0.S8ag nbV/1. Tha raduotloa la tba growtb rata of (L.
«p«iunia la tbla atudy uaa aoaocelatad wltb a alallar
raduotloa la tba faadlag rata. Palaalobaay at. al.
(IMS) alao raportad raduoad food eoaouoptloa of
<\Olriliailg, wlitb laoraaalag ooaocaatratloaa of dlaaaocalua

pboopbata.
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Th« d«or««M 1« th« F««diB( rat« at hl(h aaaoala
lavala My ba du« to loax of appatlta. Lltaratura
auggaata that aeouaulatloa of atti”gaaoua aatabelltaa la
tha aadluB affaota appattta (Orovaa and Kogal. 19T3>.
Kaighta <1M5> vraportad aa Jlaoraaaa Qla tha ftah
aataboltaa (hyparaatabollaa) uadar aaaoala atrac«.
Hyparaatabollaa will raduoa tha aatabollo aocopa. Triad«
<1M8) raportad that aocaa flahaa ragulata thalr faadlag
activity alaply to Itagp thalr aatabollo rata wlthla tha
bouada of tha aatabollo aocopa. Tharafora. It aaaaa that
tha raduetloa la appatlta aad faadlag rata with aaaoala
atraaa oould ba partly du« to tha aalf-adjuatlag of tha
food ooaauaptloa by tha Tflah thaaaalvaa to aalatala

faadlag aatabollaa wlthla tha raduoad aatabolle aocpa.

Thar« ara ladleatloaa alao that faad utlllaatloa
afflolaaoy la affaotad by tha aablaat aaaoala laval.
Thla la daacaatratad by tha dlffaraaoa la tha ragraaaloa
alopaa for growth and faadlng rataa, ahowlag that tha
raduotloa la tha growth rata la aora thaa that la tha
faadlag rata aad that faaad utlllaatloa afflolaaocy la
aooordlagly raduoad. Tha raduotloa la tha faad
utlllaatloa afflolaaoy with tha hyparaatabollaa raportad
aarllar oould ba du« to a aaw phyalologloal daaaad
raqulrad for «aaoal« datoxlfloatloa. For axa™la,
Sraaraaulu Chatty at. «1. (@»70> fouad laoraaaad lavala

of uraa durlag laduoad aaaoala atraaa la
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whioh MM «XplalMd M e dotoxtfleotloa Mobaalra for

blood i— nnlo.

Oa tba othar sala atraa Might raduoa
faad utlllaatioa affloiaaojr by raduolag tha aMrgy
produotloa ayataaa ta tba body. For aaai™la. Kuaao aad
Thuratoa <1977) vraportad that sala ay ba
uaoouplar of oxldattva phoaphorylatloa, raduead

growth aay raault froa tho taabtllty of tha aailaal to

ooarart food argy to ATF. Cortlooatarold hor ara
ala ralaaaad proporttoaally to aublathal ala
axpoaura. horaoa oaui aagatlra altrogaa

balaaoa daaalaatlag aalao aolda. Buch daaalaatad aalao

aolda aot arallabla for protola oyathMla aatlal
for growth. la aui tha raduoad groarth ot at
high aala lavala oould ba dua to aay or all of tha

raduotloa la faadlag rata, hlghar oMrgy raqulrad for
aaaoala datoxIfloatloa, aad low afflolaaoy of &y

produotloa la tha flah.

Aa thara la ao aubataatlal avldaaoa of tha
ladapoadaat rata of H* or nu* la aaaoala toxlolty la
thaaa triala, lowarlag pB aaaaa to ba a vary good aaaM
for raduolag tha toxlolty of aaaoala. Tha aaaa BC-80
for tha two flah alsM 1la 0.SS"g IRsV/I. Thla
ooaocaatratloa of ua-loalaad aaaoala la aqulvalaat to 17

aad 63ag nU"*P/1 <total aaaocala) at pH valuM of 7.B aad

Vv
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7.3, rtprotlv]r «t th* MItalty and taaparatur*
otiBditloM uMd la tbla «xparIMat. Thua, by lowarlas
tha pB O.e uaita tba total aaaoala eoaeaatratloa oaa ba
laoraaaad by about 4.8S tlaaa wltbout aay raduotloa la

tba aurvlaal or growtb rataa.

Plah alsa aaaaa to hava ao algalfloaat affaot oa
aaMoala toxlolty ot n. aptiui-ua raaglag froa 13 to 200s
bw. Thuratoa at. al. <1983) ooaoludad tbat aaaoala
toxlolty doaa aot appaar to ba lafluaaoad by tba flab
alsa tor fatbaad alaaoMa raaglac irou 0.1 to 2.S5g.
Furtbaraora, Haywood (1083) raportad tbat alsa
dlIffaraaea bad ao apparaat affaot oa auaoaptlblllity to
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Zt MM id«atifl*d at tha baglaaiag of this study
that tha sffset of yrotala iatahs ea both growth aad
assoala asorattoa ratsa is ooatrollad salaly by thras
faotorsi protala quality, protaia t aasrgy ratio, aad
fssdiag rata. = Tha affaot of protaia quality mm aot
tMtad ia this study, though aa optiaua protaia souros,

fish Boal, MM usad.

Tha rasults of this study show that o.
eaa utilisa fish saal aa a protaia souroa wary
affioiaatly. This wm dssoastratad at tha lowsst
protaia iataha tastad 4.99g/hg/d. Vith this low protaia
iatate it MM posaibla to raoord a positivs growth rata
<8QS = 0.01> «ith saall O aguxin»._ii». yurthsranrs,
protaia utilisatioa for growth was vary high. This is
daaoastratad by tha high PIS <3.3d) aad low aasoaia-
altrogaa saorstioa rata <S.67h of tha aitrogsa
eoasuaad) . This 1iadieatM that tha aajority of ths
protaia ooasusad mm diraotad towards growth. This
affioiaat protsia utiliaatioa is aot surprisiag for aa
oaaivoroua Fish suoh aa n. »xpd,»,» Paadiaa aad
viwskaaaadaa <19dS) rsportad that harbirorous aad
oasiToroua fishM ara oapabla of digsstiag protaiM as
affielaatly aa tha oaraivorous. This is aohiavsd a
SOTS 1i1atsMirs protaolytio digMtioa ooourriag ia tha
loag digsstiwa traots of hsrbirorous aad ossirorous

fiahM.
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Tha «tgaitiMtao* at Pit ratio of tto dlot oad
foodtat rat* la tfataratalat protata lataka for
growth aad aaaoala axorotloa rataa was otudlatf. Tha
raaulta of thta atudjr show that both growth aad aasoala
aaeratloa ratas ara affaetad hy Pit ratio aad faadiag
rata aad 1i1a faot it t«s poaaibla to raoord aosa
aisilaritiaa batwaaa tha two. Howawar, aosa diffaraaeas

wara alao aotioad.

Siallarttia tatwaaa Orowth aad laaosia Bsoratioi
It aotad that tha affaot of PtB ratio both
growth 3aia sratioa rata liaaar, whara
tha food ratioa affaot quadratic. Thia ai~larity
bat> ma growth ala aaeratioOB rata aot oaly
qualltatiaa but alao quaatltatii For axaapla, tha
faadlng ratas dariwad fros faadiag rata
3aia sratioa rata oura (Chaptar 4) era 8.54.
4.88 aad 4.28S bw/d whioh ara wary ole to thoaa valua
dariwad fros faadiag rata - aot ourwaa (Chaptar 3> whioh
9.41, 4.»7 aad 4.80« bw/d for 24.94, 34. and
43.38« protaia diata, raspaotiwaly. Thia that tha
iS. food ratioa for aay partloular diat oaa ba
dariwad fros both growth aad 3aia asoration
irasaata tha waluaa obtaiaad fros both stil

ara mry ole
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Thla «tailwrltjr tet» fMdlag rata-gretrth ourvM
FMAIBS rat«-1 3B« «<xor<tlOB ounk«< rati ta
poaalblltty that growth and sala «aorattea oaa ha
ralatad to »oh Quar. By eoaplltag tha growth data

from Chaptar 3 «ad »la «aeratloB data froa Chaptar
It poaalbla to draw positiva 111
ralatloashlp with high eorralatloa bat« 80B
9Bla outputs for all dlat« This ralatioBshlp Is

rissd la Tabla 1 and showa la Fig 1. Tha slopas of
that thraa ragrasoloa atatlstloally dlIffaraatt
tharafors «lopa aot ba ooaputad. This
ladleata tha slgBlfloaat ooatrlbutloa of F:B ratio to
this ralatioBship. Bavarthala thla ralatloBshlp
ladloata that gro«th Sl<ixd with protalB
eatabolla Tory llttla laforsatloa Is prasaatad oa
this ralatloBshlp. HBatoray <1MO> fouad alt 111
ralatloashlp «flth mlopa of 0.413 bat« aala
azoratlB aad goorth rata <801 X blaa D with ralabowv

Tout.

This slsllarlty b«twaB growth aad aasoala
axoratloB ratas Is la agraasaat with tha gaaaral ooaeapt
of protala utlllaatloa for aaargy la fish. Jobllag
<1031a) raportad that as Tfish utlllsa protala as thalr
prisary soures of aaargy, ratas of altrogsaous
aatabalias aad aaoratloa should rsflaot gaaaral tranda

la tha ovsrall aatabollo rata of tha fish.
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mitroam T.«. Oratftki

Ib vIBw of this otallBrltjr botwMB growth aad
BMOBIB oKorotlOB rotoo Boaa aoloBttoto ouggMtod tho
uoo of B Bitrogoaouo loso MOMroaBats approach to
diffaraatlata batwaaa dlffaraat faadlng ragtaBS. For
enap”™«> JoblIBg aosia) found that tha ahort-tara
aoBltorlBg of Bltrogaaous axoratloa oaa gtva rallabla
eetlaataa of andoganoua rata of axorattoa and
aalataaaBoa raqulraaaata and aay, tharafora, proévida a
quick Baaaaaaaat of food-growth ralatloaahlp of Tfish.
Furtharaora. tpohlp <1980) found that vallas obtalaad
whan working with dIffarant groups of fish and whan
Invastlgating only ona group oolnoldad vary wall. Thus
thara any also ba an advantaga In that It Is posslbla to
work with only ona fish group fad on diffarant dlats.
In that casa gaaatlo dlffaranoas of tha fish oaa bs
aaoludad, which lands to a battar rallablllty of tha

rasulta.

To astlanta tha andoganous and snlatananoa
Bltrogaa raqulrasnats  Jobling <1081a) suggaatad
forsulatlng a ralatlonshlp batwsaa dlgastlbla altrogsa
fad aad nltrogan ratantloa. Thls ralatlonshlp Is shown
la Flg 3 aad 3 for asall and larga n. “liurua. a
1iBMur ralatlonshlp wss found bstwaan dlgastlbla
nltrogan and nltrogan ratantloa aa dasorlbad by Jobllng

(19sla>. Tha Intaroapt of tha T axls raprasants tha

\%
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*ndogSBOuU* nltrogaa «xcratiOB and ««m found to bo 122.d3
and 144.03ag V/kg/d for soall and largo Q. »piiurua.
roopocttrolT. HoMovor. tbooo valuos aro dlfforont froa
tbooa dorlvod from starvod flab which woro 71.S2 and
9d.S4ag nU""/kg/d for aaall and largo O- «ptiuim».
roapoetlooljr. Jobllng <I193la> found aloo dIfforonooo In
tho ondogonoua nltrogon oxcrotlon ratoo botwoon tho two
ostlaatao with pinico and ho roooMwndod tho valud
dorlvod froa tho nltrogon aboorbod-nltrogon rotalnad

curvo ao tho truo ootlaato.

It Is Intorootlng to noto that thooo two valuos
dorlvod froa tho nltrogon absorbod - nltrogon rotalaod
curvo aro hlghor than tho actual aaaoala oaorotlon
ostlaatos obtalnod froa starvod Tfish. It Is worth
noting that thoss flshos wora starvod for sovoral daps
(10 days) and tholr lowor aaaonla oxorotlon ratos sight
roprosont an adoptivo aachanlsa for Ilong starvation.
Bsphsr st. al. (1903) working on tho offoot of
starvation on body losaos In rod tllapla roachod tho
saaa conclusion. Thoy found that rsd tllapla lost
wslght In tho Tfirst fasting wosk aors than tho
subaoquont wooks. Thoy suggostod that soas Intrinsic
aochaalsns of adaptation to starvation as low faodlng
Isvol aay thoroforo bo Involvod. and aatabollsa Is
roducod to routlno astabollc lovols only aftor a porlod

of wieh adaptation.
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BMIdas th* MtImtloB of tiM eadogoaou* altrogaa
exerotloa rata thm altrogaa abaorbad - altrogaa ratataad
ourva eaa provida otbar valuabla laforaatloa. Tha
aalataaaaca altrogaa raqulraaaat eaa ba aatlaatad as tbha
tataroapt of tha X axis tdaaa rataatloa (growth) is saro
(Jobllag. IMla) aad waa fouad to ba 130 aad 207ag
V/kg/d for aaall aad larga Q. spiiurus. raspacttvaly.
Jobltag (1901a) raportad a aalataaaaoa altrogaa
raqulraaaat of 1SOag 1/kg/d for 3S.1lg plaloa at 10<C
«dtaraaa taanarlaa at. al. (007)" raportad a valta of

303ag P/kg/d for 109.3g Atlaattc cod at 14«C.

Although varlatioa la tai”aratura aad flah alxaa
caa eauaa dIffaraaecaa la tha aalataaaaca altrogaa
raqulraaaat, it aaaaa that tha larga dlffaraaea la tha
aalataaaaea altrogaa raqulraasat fouad la tha lltaratura
la aot aolaljr dua to varlatloaa la taaparaturaa aad fish
alxas. la this study a aalataaaaca altrogaa raqulraaaat
of 130ag P/kg/d was astlaatad for saall Q. apiiui-us whaa
aaaoala-altrogaa axeratad waa coasldarad as tha oaly
axcratad altrogaaoua o00”™Muad. Howavar, whaa uraa-
altrogaa waa laoludad with tha aaaocala-altrogaa to fora
tha total axcratad altrogaa a dIffaraat aalataaaaoa
altrogaa raqulraaaat was  fouad (300ag P/kg/d) .
Slailarly, tha aadogaaous aitrogaa axeratad ehaagad froa
122.93 to 230.44 ag P/kg/d whaa uraa-altrogaa was
lacludad. It la axpactad, tharafora. that a dlffaraat
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eBdo(«aou« *ad =mMIntcMBC* nltrogsa r«qulr«atat <11
TMult If other ««oretod attrogoaou« eo”™pouade aro
lacludod to fora tho total altrogoa aacratloa rata.
Tharafora, cara auat ba takaa «”~a oo™Murlag dlffaraat
aatlaataa froa dlffaraat atudlaa about tha 'ebapoBaata”

of tha total altrogaa axcratlon rata.

For a glvaa altrogaa lataka »11 0.__aplluru«
aaaaa to haaa higher altrogaa rataatloa thaa large
ladl«riduala. For asaapla at 1.0g altrogaa lataka aaall
flah «fll ratalB 817.79ag 1/kg/d «¢harasa large flah <11
ratala 008.73ag V/kg/d. Thaaa aatlaataa are baaad on
tha aaaiiaptlOB that aaaocala la tha oaly altrogaaoua
eaeratad coapouad. It la aot olaar ««<hathar thla
diffaraaoa la a raault of alxa or It raaulta froa tha
fact that large flahaa are aoa-gro«tlag flah. Similarly
Oarklag <1971) «worklag «th blue gill auaflah and Kyehly
<19S0> «forking «#th ralnbodt trout found a nagatl«ra
correlation bat«#aaa body «eight and nitrogen rataatloa.

Vhaa nltrogaa ratantlon la related to nitrogen
Intake, tha altrogan afflelaacy can ba ealeulatad
<Sadtltz at. al. 1977). Vhaa tha nitrogen afflolaaey
data obtained froa (“ptar 4 la coaparad «lth thoaa
darlaad froa gro«rth and body cog>oaltlon aaaauraaaata
<Chaptar 3>, 3 lataraatlng obaerratlona eaa ba drad¢n.

First, altrogaa afflelancy data obtained for all diets

Vv
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tma *t 2% bw/d by th* two eettaotos show «pproxlaotoly
tho M M trond. Howovor, MtlIMtM obtalMd <roa body
coapooltlon war* «lway« of lowor Mgaltud*. Soeoad,
24.94S protolB dl«t fad at all rattona alao abowa
approalMtaly tha m m traad by tha two aatIMtaa. Tha
balaaca Mthod ylalda alao a highar aatlMtaa. Third«
aatlMtaa obtalaad from balanca Mthod for aadlua and
high protaln dlata fad at aadlua and high food ratlona
ahow tha oppoalta trand to that obtalnad by growth and

body ooapoaltloB MaauraMnta.

According to tha balanca Mthod nltrogan
afflclancy lacranaaa with incraaalng dlatary protaln
laval and faadlng rata, «Aaraaa It dacraaaad with tha
othar aatlMta. Tabla 3 co”araa tha nltrogan
afflclaaoy aatlMtad by both nltrogan balanca Mthod and

growth and carcaM aMlyala.

Thla ooaparlaoB ahowa that tha nltrogan balanca
Mthod cannot ba uMd, la ganaral tarM, aa a aubatltuta
to norMl growth and body coapoaltlon analyala Mthod.
Howavar. It Indaad ahowa a traad that tba nltrogaa
balanca Mthod can glva a claar indication for coaparlag
diffaraat dlata fad at Jlow ration or avaluatlag
diffarant food ratloaa for a low protaln dlat. It auat
ba notad that tha valuaa obtalaad by tha nltrogaa
balanca Mthod ara uaually hlghar <I-10t> than tha
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gro<*th Mt IMtM . Tin altrog*a balaao« aathod, hotwvar,
will not glv* tru* traad« for high protain diata fad at
high ratioaa. Thia 1s straaga alaca It has baaa
maatioaad aarliar that growth rata <aitrogaa rataatiea)
ahowa a liaaar ralatioaahlp with aaaoailia axeratioa rata.
Bowavar, it avat ba aotad that 1ia thia liaaar
ralatioaship batwaaa growth rata aad aaaocaia axcratioa
rata thara was a sigaificaat diffaraaea batwaaa tha
slopaa of tha diffaraat diatarjr protaia diata. Thia
raflacts tha sigaifieaat coatributioa of tha aoa-protaia

aaargp sourcaa to tha aaabolic growth proeaaa.

It auat ba aotad that tha aitrogaa balaaea aathod
is basad oa saasurasaat of aitrogaaous aseratioa, aailaly
aaaoaia. tNich bp thassalvas ara a by-product of protaia
catabolisB. Oa tha othar haad growth (or aitrogaa
rataatioa) iIs aa aaabolic procass. Tharafora, cara sust
ba takaa whaa coqgiariag catabolic with aa aaabolic data.
Bratt (1070) raportad that a catabolic axprassioa caa
aot ba axpactad to apply diractly to aa aaabolic

procass.

Oiffarsaoas Bstwsaa Growth aad Aaamia Saorstios Batasi
la spita of tha abova aaatioaad siailaritias thara

ara diffaraacas batwaaa tha two ralatioaships. Thaaa

diffaraacas ara aotad froa tha sigaificaat diffaraaca

obaarvad aaocag tha slopas of tha thraa liaaar
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r«gr*Mlans d*««lap«d b«tM*«n growth aod «aaonl«
eaerotlOB ratM. Furtharaor®, thar* ar* also
diffaraneaa la tha ralatlwa ooatrlbutloa of tha
iBdapaBdaat warlablaa on tha dapandaat wartablaa la tha
two aultlpla ragraaatoB aodala. Vhlla protala paroaat
of tha dlat was aot lacorporatad as a varlabla ta tha
growth aodal. It has a slgalfleaat eoatrlbutloa la tha
aasoBla axcratloa aodal. la ordar to uadarstaad tha
basis of thaaa dtffaraacas a co”parlsoa batwsaa growth

aad aaaoaia aacrattoa data is prasaatad.

k posltlra aad fairly good growth rata (SOK “
0.01) was achlavad with saall o. «piiuiua fad oa a low
protalB dlat <2*.94X> at low ratios <2X bw/d>. This low
protala lataks ylalds also a vary good PXX (2.35). This
suggasts that tha aajorlty of ths protala eoasusad was
uasd for growth. Ths aasoala axcratloa aaasuraaaats
support this wlaw. Tha axeratad aasoala-aitrogsa
raprasaats oaly S.87X of tha total altrogaa eoasusad.
This vary high protala utlllsatloa with such a low
protala iataks la aot surprislag. It was shows la
Chaptsr 3 that aaay autrltloa studios show such a

raault.

Tbs high put could ba a physiological adaptatloa
by tha fish to tha low protala lataka la order to
aaxIMlsa Its utlllsatloa. Valtoa <1M5> roportad that
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«alno «old« ar* prafaraatlally r«qulr*d for protala
ejathMlo, thorotoro aalaalo auot «MrolM ooaa ooatrol
otor oatabolle pathwapo aapaolally whaa dlatary auppllao
ara raatrtotad. Vith auoh a [lIugh m tIM  aaargjr
raqulrad for growth was obrloualp obtalaad from tha aoa-
protala aaargy aouroaa. Howavar. baeauaa of tha llaltad
aaargp aupply (97 Coal/hg/d) with thla low faadlng rata

ao furthar growth waa poaalbla.

laoraaslag tha protala ooataat of tha dlat by
9.S0S aad faadlag at tha aaaa low faadlag rata <2S bw/d>
raaults la an laprowaaaat la tha 801 from 0.91 to 0.99.
la othar words laeraaaiag protala lataka by 38.08%
raaulta la laeraaaiag tha growth by oaly 8.7%. Thla la
probably baocauaa part of tha aatra protala waa uaad for
aaargy purpoaaa to raplaoa tha raduotloa la tha daxtrla
la tha dlat. m aaaauraaaata support this wlaw aad It

la raduoad by 2S._S3%.

laaoala aaoratloa aaasuraaaats also support this
vlaw aa tha aaeratloa rata laeraaaad by 212.13%.
Howswar, tha vary sharp laoraaaa la tha aaaoala output
suggaata that tha aaouat of protala oatabollaad la aora
thaa tha aaouat addad. lawarthalaaa, with thla
raduotloa la 711 aad tha laoraaaa la potala eatabollaa.
It waa poaalbla to raeord 8.79% axtra growth. Thla

axtra growth could ba dua to aora aatabollaabla aaargy
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cOBt«at «tth Mgh protalB dl«t. Tacoa and CoMajr (1M9>
raportad that dtats with hlghar protala eoataata taada
to bava hlghar aatabollsahla aaargy eoataat alao. Lt
waa eoaeludad alao la Chaptar 3 that tha thraa
axparlaaatal dlata ara aot lao-ealorlfle la taras of

thalr aatabollsahla aaargy eoataat.

A furthar lacraaaa la tha protala eoataat of tha
dlat by 8.PIS aad faadlag at tha low faadlng rata
(2S bw/d> raaulta la algalflcaat li~ovaasat la tha
SOS froa 0.90 to 1.33. la othar words, lacraaslag
protala lataka by 3S.83S raaulta la laeraaalag tha
growth by 34.34S. It should ba raallaad that part of
tha axtra protala should raplaea tha raductloa Ila

daxtrla aad, tharafora, protala utlllaatloa for aaargy

laorsaaaa. This la daa stratad by tha lacraaaa la
msanala output by 79.99S. Bowawar, with this laeraaaa
la protala eatabollss tha PIX laer« alao by 10.44S.

This sasna that tha high protala eatabollas waa
aasoolatad alao with high growth rata. This suggasts
that m mata do aot aacasaarlly high

protala utlllisatloa for gromth and subocaguaatly low

aasoBla output.

Although It 1la raallaad. that tha aatabollsabla
aaargy eoataat of this high protala dlat <43.3SS> la
high, It doaa aot aaas that this will axplala tha
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stgatfle*nt laerMM la th* growth r*t* achlovad with
thl« fMdIng roglIM. It 1« Botod that JloorMSlag
protolB iBTBlI troB 24.94% to- 34.44% l«d to »» laeraaM
la tho growth of OBly 3.79%, whllo lacraaslag It froa
34.44% to 43.35% lacraaMB th* growth by 34.34%. This
mBaas that thara la aa axtra 25.55% la tha growth rata
with 43.35% protala dlat. This axtra growth aaaas to
rasult froa high protala catabollaa as aotad froa tha
aaaoala axeratloa aaasuraaaats. This vlaw was proposad
also by Jacksoa aad Cappar (1982) who suggsstad that
aasrgy probidad by protala catabollsa laads to laprovad
growth at high protala lavals. This could probably
axplala also tha vary sharp lacrsasa la aaaoala
aacratloa rata obsarvsd with 34.44% protala dlat. It
suggasts that thara Is a high dsasad for protala
catabollsa, howsvar, tha Ilaltsd protala lataka with
this dlat did Bot provida a suffilclaat protala for
catabollsa. Tharafora, oaly llttla axtra growth was

racordad.

lacraaslag protala lataka by 15.11% froa 8.07 to
9.98g/kg/d with faadlag a low protala dlat at 4% bw/d
rasults la lacraaslag tha growth rata by oaly 8.77%. la
fact this laslgalflcaat lacraasa la ths growth rata was
aotlcad with all hlghar protala lataks. For axaapla,
iBcrsaslag protala lataka 200% froa 8.07 to 20.01g/kg/d
lad to oaly 21.80% Hlacraasa la tha S02 froa 1.33 to
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1.62. Thla I*«d to «a taportant coneluaton that la tha
iaalsalfloaaea of P:B ratto of tBa dlat at high faadlag
rataa auggaata that tha aaargy auppliad wlth thaaa food
ratloaa C194 and 290 Beal/kg/d> la adaquata for optlaua
growth. In othar Morda, optlaua growth caa proeaad wlth
a falrly wlda rango of P:B ratloa (SI to 90ag
protaln/Keal> provldad that tha alalaua dlatarp protaln
and anargy raqulraaanta ara ant. It furthar
daaonatrataa tha algnlflcant contrlbutlon of faadlng
rata only la aupplylng tha raqulra™ nutrlanta and anargy
for growth. Tha affaet of food ratloa itaalf aaaaa aot
to ha li“ortant. Por mxmmplm, wlth 43.3SX protaln dlat
tha growth rata laoraaaad only 6.77X by Inoraaalag tha
faadlng rata 100X froa 2 to 4« bw/d.

Undar aueh high faadlng rataa tha ralatlra
contrlbutlon of protaln aa an anargy aouroa wna olaarly
notlead wlth PBB and aaaonla output raaulta. Onllka
grotrth thara wara algnlflcant dlffarancaa In tha PBB and
aaMonla axcratlon rataa. Tha ganaral trand obaarvad at
both faadlng rataa waa that tha hlghar tha P;B ratio tha
lowar tha PBB and aubaaquantly tha hlghar tha aaaonla
output. Thla la probably bacauaa that protaln raplaoaa
tha raductlon In carbohydrata of high protaln dlata.
Thla daaonatrataa tha algnlflcanca of P:B ratio of tha
dlat on aaaonla axcratlon rata avan at high faadlng

rataa.
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It 1« IntarMting to not* that tha proportion of
aaaonta-nltrofon output ralatlva to nltrogan Intaka for
all dlats Mas alaost constant at 19.71« */- 1.19« and
9.91« */- 1.19« for 4 and 9« bw/d faadlng rataa,
raapactlvaljr. This suggasta that avan with such a high
anargy Intaka still thsra la a naad to catabollza soan
protaln for aaargy. In othar words, for optlaua growth
thars Is a naad for alnlaua dlatary protaln catabollss.
Tha FIMd proportion of asaonla-nltrogan axcratlon Is
probably a raflactlon of tha incraasa In tha protaln
contsnt of tha dlat which raplacaa carbohydratas. Tha
raductlon In tha proportion of aaaonla-nltrogan output
obsarwad with Incraaalng tha faadlng rata could ba
partly dua to |Ineoaplata consuaptlon of ths food
suppllad and partly bacausa of protaln savings by tha

high ansrgy consuaad at 9« bw/d.

High faadlng rata <9« bw/d> aaaas to hava a
significant contribution In lowarlng tha sagnltuda of
aasonla axcratlon rata. This Is particularly trua for
low and aadlua protaln dlats. Tha raason for this
rsductlon Is not claar, whathar It raprasants protaln
savings by tha high non-protaln anargy conausad or a
protaln (aalno acids) loss dua to high protaln Intaks.
As dlscusssd la Chaptar 4 this obsarvatlon sasss to ba a
rasult of both high protaln and anargy Intafcss «Ith high

faadlng rata. It saaas that faadlag rata has an
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laportaat coatrtbutton on this rsductlon in sMsonls-

nltrogsa sxcrstloa rats.

Is sunsry. It sssas that tha dltfaraacas batwaan

growth and awoala aaeratlon rataa ara dua to:

<> P:B ratio, «diieh aaaaa to hava a diffaraat atfact
on grotrth froa that on aaaonia output. It aaana
that tha P:E ratio is significant to growth only
at low faading rata <liaitatf anargy supply). whila
it is ralatiwaly uniaportant for growth at aadiua
and high faading ratas <with adaquata anargy
supply). On tha othar hand, P:B ratio Ila

iignrtant for aaaonia output at all faadlag*ratas.

<2) Protain-anargy aaaaa to hava a diffarant
contribution on growth from tha non-protaln

anargy-

Protatn Snatagai

Ona of tha objactivas of this study was to clarify
idMthar it is posslbla to dafina optiaua diatary protain
Intaka for growth with tha lowaat poasibla aasonla
axcration rata. In othar words, whathar it is possibla
to show tha protais sparing affact by raducing assonla
output. Protain sparing has baan found iIn nutrition

atudias whara tha fish growth rata 1is tha sajor
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I»rMWt«r MMurAd. TalMucbl «t. «l. (1978) found aa
laproTaaant In «MIght gain and lood convaraion wlth 39S
protaln and 1S-20K [Ilpid. Slallarly Jauncay and 10M
(1982) bava sbown tbat It la poaalbla to raduoa tha
protaln contant of tha dlat for 10-40g Q- aurau« Z
niiQtieu« hybrida froa 40 to 30% with llttla raductlon
In growth parforannca and wlth [li“rovad protaln
utlllaatlon, provldad that tha dlata eoatalnad 12%
Hipid.

Howarar, thla claar protaln aaving haa not baan
daaonatratad claarly by anonla  axcratlon rata
aaaauraaanta. IT protaln la aavad by Xilpld or
carbohydrata, than tha raductlon In protaln catabolisa
la axpactad to raault In a concoalttant raductlon In
aaaonla axcratlon. Howavar. thara ara Inaufflelant data
In tha Iltaratura to ahow thla ralatlonahlp. For
axnapla, Baaalah and Thoaaa (1984) found that total
nltrogan axcratlon (aaaonla * uraa) aaaoclatad wlth aach
of tha dlatary protaln lavala 49 and 3S%h, tandad to ba
allghtly lowar <~n dlatary llpid and anargy : protaln
ratio Mara hlgh. Laid and Brattan (1984) found that
wlth lao-calorlc dlata hlghar aaaonla waa axcratad wlth
low protaln dlata (28.3 PB: TB) than wlth aadlua dlata
(38.3 and 48.0 PB:TB). In thla atudy Ilpid waa
Incorporatad at fIxad concentratlona for ail dlata.

Tharafora, It la not poaalbla to datact protaln aaving
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by lipid. HoM«v«r, th* lipid I«wl MIbCtNd <10%>
to optlalM protaln utllIMtlon.

Caatr*ry to tho aboy* study Ksushlk sad Tslss
<196S> studylafF ths protsla sparing offset of
oarbohydratss sucessdod la dssonstrating a rsduetloa la
ths aailoala sxerstloa with laersaslng ths dlgsstlbls
earbohydrats <Qslatlnlssd Starch) for SOg rainbow trout.
Bowsvsr, thsy statsd that looking at ths nltrogsn
budgst. It MSS clsar that assoala-nltrogsa aloas doss
not aaount for all ths dIffsrsnes bstwssn absorbsd aad
rstalnsd altrogsa. This study sssss to bs ths only ons
asallabls that shows protsln saving by aasonla

aaasursasnt.

Othsr avallabls studios (Cowsy. 1979: Oglao st.
al. 1976; Kyehly, 1980) did not show any protsin saving
sffsot by starch for rainbow trout. "Ths dIffsrsncs
bstwssn thsss studios and that of Kaushlk and Tslss
(1969) was In ths dlgsstibllity of starch. Ths aero
dlgsstlbls ths starch, tha aors saving It ylslds aad
subssqusntly ths loss aaaonla sxerstsd. In this
sxpsrlasnt dsxtrla was ussd as a carbohydrats souros.
According to Jackson and Cappsr <1982) ths dlgsstiblllty
of dsxtrin Is 99% la T zZilli. Assualag a slallarlty
bstwBsa T gtiii and o. spiiurua In dsxtrla dlgsstiblllty

this probably Indleatss that thsrs Is a llaltsd scops
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for I17~rovIBg protola sovtago by Incorporotlng aoro
digosttblo eorbobydratoo in tho dloto of Q. opiiuruo.
Tho vory high doxtrin dlgootlblllty, oad In turn protoln
sovlag0i MM olrondy aotleod with tho low proportion of
ooaonlo-nltrogon oxcrotod (0.89 - 21.07% of totol
nltrogon latoko) oad tho high PBK"o rocordod la this

study -

Bolootlos of OptlBum Protols Istako for Orowth, Asnmosls
Output, oad Food OtlllaotIMi Bffloaoy:

Tho obovo aontlonod dlfforoacoo botwaon growth oad
oaaonlo oxorotlon rotoo coatrlbutod olgnlflcoatly on tho
soloctloa of on optlaua protola Intoko for both. For
oxo>lo, tho optlaua protola Intoko for growth was
soloetod la Choptor 3 m 8.70g/kg/d. This protoln
latoko la prooldod by foodlag o high protola dlot
(43.35%) ot low foodlag rota (2% bw/d>. Thla foodlag
roglao will nooosoorlly rooult 1la o high oaaonlo
oxcrotlon rots bocouoo of an Inodoquoto supply of non-

protola onsrgy with ouch o low foodlng rots.

LoworIng oaaonlo output eon bo ochloood by using
tho oppoolto foodIng roglao with o low protola dlot fod
ot high ration. This lo aalnly booouoo loworlng F:B
ratio will prévida aoro non-protola oaorgy ooureo that
will substituto tha protoln In supplying tho oaorgy

roqulrod for growth. Howovor, with such o low protoln
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dtat a hlgh*r fMding rat* 1* r*utr*d for two r*a*ona:
first, to prowld* th* protstn r*qulr*s*at for both
growth and satabollsa, and aaeond, to balano* th*
diff*r*nc* b*tw**n prot*In *n*rgy and non-prot*In

*n*rgy -

Th* r**ults of this study show that th* optlsus
growth rat* can also b* achiavad with low protain diat
fad at high ration. For axai™la, by using a low protain
diat <24.94«) fad at high faadiag rat* <O« bw/d> it was
possibl* to racord a SC2 of 1.99 for ssall o. aptiurua.
Th* growth rat* is avan highar by 19.99« than that
supportad by a high protain diat fad at low ration.
Vith this axtra growth tha assonia axeratlon rata
dacraasas by 29.70«. Tharafora, i1t saass that i1t is
possibl* to lowar aasonla axeration rat* significantly

by faading a low protain diat at high ration «rith avsn

an isprorad growth.

Howavar, with such a faading stratagy thar* is a
substantial daeraas* in th* protain and ovarall faad
utilisation afflcianeias. For *xa™>1*. faading a high
protain diat (43.39«) at low ration (2« bw/d) rasults in
a FC2 of 1.09, wharaas th* low protain diat (24.94«) fad
at high ration (9« bw/d> rasults in a FC2 of 2.32,7 an
incraaaa of 193.72«. Sisilarly FBI dacraasad by 32.34«.

This raduction in th* faad utilisation afflciancy could
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b* partly dua to lacogtlata food conauaptloa. and partly
dua to htghar gut avacuatloa rata. Paadtaa and
Ylrakaaaadaa <1985) raportad tht tha gastric auaeuatlon

rata Inoraasas la proportloa to tha faadlng rata.

ta suasary, It aaasa that thara la no coafllet la
daflalag aa optlaua protala lataka for both growth aad
aasoala output. This caa ba achlavad by faadlag a dlat
with low P:B ratio at high faadlag rata. Kowavar, tha
coafllct coaas la daflalag tha optlaus protala lataka

for both aasoala output aad faad utlllsatloa afflclaacy.

la alaw of thasa rasults It saaas that proaldlag
tha optlaua protala raqulraaaat by faadlag a high
protala dlat at low ratloa la tha racoasaadad faadlag
stratagy la taraa of growth vrata, PBS, aad PCS.
Tharafora, this faadlag stratagy caa ba uaad uadar
cultura eoadltloBS whara food supply Is tha aost
llaltlag factor for productloa. On tha othar hand, tha
low protala dlat fad at high ratloa could ba raeocasaadad
undar cultura ooadltloas t”~ra watar supply aad/or

traatsaat la tha aost llaltlag factor for productloa.

mffset of hMoala os Qrowth Batat
It baa baaa shows la Chaptar S that tha high
aablaat aasoala lavals dacraasas fish growth rata. It

was coacludad also that this raductloa la tha growth



rat* le du* to roductlon la food coasuaptloa, hlghar
malatoaaaco roqulroaaat duo to aaaoBla dotoxIfloatlon;
ead low offlcloaey of oaorsy produetloa la tho fish.
Ths First two factors would probably bo tho aajor causo
of growth roductloa at low asaoala lovols, whoroas tho
last factor sooss to bo rospoaslblo for fish doath at

high aaaoBla lovols.

It should bs aotod that tho roductloa la growth
aad foodlag ratos with high assoala coacoatratloas was
calculatod la Chaptor S oa a porcoatago basis. This was
salaly bocauso of practical Illsltatloas la ozporlsaatal
sothodology. la ordor to have a sors gsasral ldsa about
ths sffoct of asaoBla toxicity oa growth - protola
lataks rolatloashlps tho followlag calculatloas woro

sads aad prosoatod la Pig 4.

Tho growth curvo at 0.00sg IHaP/l1 Is tho saao
growth - protola latako curvo dovolopod la Chaptor 3 for
esail o- optiump. "This curvo was used as a coatrol.
Ths curves froa 0.1 to 0.4sg >HnP/1 woro calculatod as a
psreoatago froa tho coatrol curvo uslhg tho growth -
aaaoBla llasar rogrossloa oquatloa dsvolopod la Chaptor
S for saall »piiuruo. This coaparlsoa shows that tho
dsflasd optlaua growth rato <0.S5g/flsh/d> caa bo
achlovod at a protola latako of 0.9, 1.1, 1.3. aad 1.6X
bw/d at 0.0, 0.1, 0.2, aad 0.3ag MHaM/1, roapoctlvoly.

Vv
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Tliis «howB that at hlshar aaaoBta lavala, hlghar protaln
iBtakaa ara raqulrad to produca optlaua srowth. At
O . IHsT/1l and hlghar coaeantratloBa It baeoaas
lapoaalbla to obtala tba optlaua growth rata at aay
laval of protalB lataka. Tba hlghar protalB iBtaka
raqulrad at hlghar aaaocala lavala la probably dua ta
both hlghar aalBtOBaBca aatabollaa for aaaoala
datoxIflcatloa aad raductloa la tha aaargy produotloa
rataa aad daaalaatloa of aalao acida daacrlbad aarllar

by Kuaao aad Thuratoa (1977>.

la vlaw of thaaa raaults It aaaaa that faadlag a
hlgh protala dlat at low ratloa la tha baat faadlag
atratagy for aupplylag tha dlatary protala raqulraaaat
for growth uadar aaaoala atraoa coadltloaa. Thla la
aalaly bacauaa of two raaaoaa: flrat, aaaoala atraaa
raducao faadlag rata, tharafora, It Mould ba advlaabla
to provida ail autrlaat raqulraaaata coacaatratad la
aaall ratloaa. Sacoad, aaaoala atraaa raducaa faad
utlllaatloa afflclaacy, tharafora, It «would ba advlaabla
to uaa a vary afflclaat aaargy aourca, auch aa protala,

to balaaca thla raductloa.

It ahould ba aotad, howavar, that tha actual food
aataa aa % bw/d la aoaahow balow tha optlaua aa co”arad
to tha raaulta obtalaad froa tha faadlag aaparlaaat

(Chaptar 3). Food aataa by tha aaall coatrol flah la
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emonls toxloltj MKpartaMBt 1 1« 1.67* bM/dt whar«u tte
mudaua Tfacding nt* for apprexlabtaly th* m m high
protalB dlat is 4.77* bw/d. Ths rssson for this low
fssdiag rsta la tha aMoala tnioltj trials is probably
dua to ths MtiatioB fsadlag ragIM usad la thla study.
It has bMa aaparlaaosd that Mtiatlon fsadlag *#lth
tllapla is difficult. Tha flah Mt slowly froa tha
water ooluM aad tha taah bottom. In thla atudy faadlag
WM stopped oaoa tha fish stopped sating. This low
feeding rate would not be likely to change tha basic
aamoaia toxicity effect on protein Intake - growth rate
relatioaahlpa shown In Pig 4. However, since low feed
effloleaoy ratios are expected with low feeding rates,
it might be possible to obtain higher growth ratM with
higher feeding retea under ammonia atrsM. If thla Is
true thaa tha optimum growth rate might be achieved even
at higher ammonia levels than 0.Seg HH*H/1. In othar
words ths protein Intake - growth rate curves developed
at different aannnla levels might shift upwards with
higher feeding ratM. However, thla requlrM further

ei”eriMntatloa.

TMteltyi
4 multiple linear regrsMlon aquaslon
developed la chapter 4 for calculating ths

outputs provided that feeding rate and protein content
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ot tk* dI*t mrm keotiB. Vroa thmmm fMdlag
rs(l,aM mar» ttea oam mm tteatlflad fer «upplylag tk*
opttaia protala lataka for growtk. Tkaaa dtffaraat
faadlag raglaao raault 1la ameala produetlea rataa
raaflas approalaatalp froa @80 to SO00af nu-"k/kg/d.
Tkaaa produotloa rataa oaa ba uaad to oaloulata tka
Matar raqulraaaats aad tka flXtar alaaa la raelroulatlaf
apataaa. For aaaapla, Spaaea <1973) prorldad a
aatkaaatloal foraula for oaloulatlas tka raqulrad flow
rata haaad oa aaaoala produotloa rata aa folloMt

Q/T -

U

Mbara. Q/V m Matar floM rata par ualt aaaa of flak

Vo/V m aaaoala produoad par ualt aaaa of flak

m affluaat quallty daalrad la taraa of

aaaoala ooaoaatratloa

Slallarly. logara aad Klaaastoa (10dS) proaldad aaotkar
foraula for ealoulatlag tka apaelflo flltar aurfaea
araaa aa folloMai
~paolflo aurfaoa araa m ao
kitrifloatloa Sata

Tkap gaaa a altrifloatloa rata of a.S3g/aP/d for
rotatlag klologleal eoataotor. Tka data oollaotad la
tkla atudy oa atéala produotloa rataa eaa ba appllad
dlraetly to tkaaa two foraulaa. Akblaat aaaocala laaal

eaa ba aalaotad aooordlag to tka raqulraaaat of tka flak
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*TB. At = ftmd uEbIMt eaaoBla laval tb*r* la a
alapla poaltiva Illaaar ralatloaablp batwaaa aaaoala
produottoa rata aad watar (or flltar) raqulraaaata. Vor
aaaapla. wlthla tba atara aaatleaad produottoa ranga It
would appaar that uatag tba protata tataka tbat produoaa
aaoag nu-"V/kg/d wtll aara 3«.3«« of tha «atar <or
ftltar) raqutraaaata la tbha ftab tara. Tbla protata
tataka «*aa prortdad by faadtag a low protata dlat
(34.04» at btgh rattoa <8V bw/d>.

Staoa aaaonta axorattoa rata fluotuataa
oonatdarablp durtag tba 34br partod, tt atgbt ta
adTtaabla to oonatdar thba paak aasasasala axorattoa rataa
ratbar tbaa ooaoaatratlag oa tba araraga valtan oalp.
Tha aanoata axorattoa data oollactad oa aaall
mp«iuini» Ib Cbaptar 4 abaw tbat faadtag rata baa tba
graataat affaot oa tba datly varlattoa, «ibtla Ptl ratto
of tba dtat baa only a ataor affaot, aataly at loa
rattoa. Faadtag at 3 and 03 ba/d raaulta tn a datly
vartatloa of 110-1803 batanan tba araraga aad tba paak
raluaa. Hoaarar, at 43 ba/d tba dtffaraaoa batanan tba
araraga aad tba paak raluaa raagaa froa 48-803. Thta
laforaattoa ta parttoularly taportaat for aartaa
raotreulattag ayataan abara tba btoftltar afftotanoy

dapaada largaly oa tba aaaocata laral.

via 1-1
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mogT « sad KIMMStoa <1968> reported tket eaaoele
reaceel le tte Moflltere le btgheet «Aen eteedp etete
mmaamtm leeele ere aeieteteed. Attkough attriftoetloe
le a eoaeeetretloe-depeadeet prooeee, tke blelocloal
aeture of the beeterlel oell growth eight reeult In e
"lag” preaaat la the reeponee end, therefore, there aap
be an appmolable delay <aulr, 1082). Thla eight be the
reeenn for the reduced altrifioatloa effloleaoy with e
wide warlatlon la the eaeoale lewnele. In thla cnee, the
adwaatege of ualag the eadlua feeding rate (4b bw/d> la

clear la lacreaaiag the blofllter affiolaBoy.

It ahould be aoted that the aaeoala excretion and
oxygen eoaauaptloa ratea ware calculated la chapter 4 on
the baala of flah bloaaaa <mg/tg flah/D>. In earlier
atudlea Liao at. al. (19Ta> auggeated to relate tbMa
paraeatera to the feed Input <eg/Kg feed/0>. Bowawer,
It waa concluded from chapter 4 that, for a aore
accurate eatlaata, there le a need to differentiate
between the dietary in*oteln level and feeding rate. A
better eatlaate would be available from the aultlple
regreaaloa aodela developed la chapter 4 for aaaonla
eaeretloa and oxygaa oonauaptlon ratea. Table 0.4
auaanrlaea aoaa of theae eatiaatea mm oaloulated froa

thoaa aodela for aaall n
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rnt~tlemmom at BMalt« OMali 1» tkla 9tmdy
mmoviltara at n

OQaaarmlly, tb* r««ult« obtalaad In thin study
rnvMl that tbn tntnnalvn anrleulturs of o. «piimni» hnn
n good potnntinl. First. distnry nutritloanld
rsqulrssnats do not ossa to ba slgnlflonntly ohnasod la
saa «star anvlronaaat. Tha rasults ladloatad that
aaltbar aalataaanoa aor aaxlaua food ration mbs affaotad
algalfleaatly by aallalty. For axagpla, ataruad Q*
apiiuini« for S waaka (36.44g bw> lost about 0.0dg/flsb/d
during tbls study. Tbls valua Is quits similar to
rMulta obsarrad wltb rad tllapla staraad for 8 Masks la
frasb uatar wblob lost 0.08 aad 0.00g/flsb/d for 19.20
aad 17.97g flab, raspaotlvaly <Bapbar at. al., 1083).
Juras at. al. (1004) ooaeludad also that tbs aalatanaaoa
ratloa of (L aaagaabifilim, raaalns tba anas ragardlaas of
aallalty.

lagardlag aaxlaua food ratloa tbara aaaaa to ba no
data avallabla la tba Iltaratura oa tba affaot of
aallalty on food lataka la tllapla. Howavar, Baiarla
aad Ballar <1082) prasaatad a sligcla aquatloa for
astlaatloa of fsadlag rata for dlffaraat sisa groups of
tllapla fad 38-40S protala dista la fraab untar. By
ualag thalr foraula a flab of slailar sisa to saall a,,
fili»._._« usad la axparlaaat 1 la tbls study wlll oonauaa

4.41B food bs/d. Tbls ualua Is quita oloaa to tha
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mBXiaua food rattoa far 34.44 mad 43.383 pratala dlata
oMalaad la tkis study whieb wars 4.37 aad 4.363 bw/d.
This ladleatas that n. ara abla to oaasusa a
high ratloa aad gala high growth svsa la soa wator

ooadltloas.

Protala raqulrasaat also doas aot saos to bo
laorsasad by aallalty. la fact tha iaiiiisaiulail dlatary
protala raqulraaaat la this study aaass lowar thaa Boat
of ths publlshad vallas. This subjaot has basa

dlaoussad la datall la Chaptar 3.

dSBoala toxlolty doas aot appaar to ba laoraaaad
la asa watar. Tha laolplaat LC-80 aad BC-50 ara quita
ooaparabla to othar publlshad valtas for hardy fiabas
such as ohaaaal oatflsh. This rasult Is latarastlag
bsoausa It sight ba azpaotad that tha aasoala strass
would add aa axtra load to aallalty straas IAleh would
rssult avaatually la poor parforaaaoa of ths fish. It
should ba raallsad that both aasoala toalolty and
aallalty aoollaatloa laduoa savaral physiological
aodlfleatloaa la tha fish body. For aaai™la, Lloyd aad
Orr <1M9> vraportsd that vralabow trout asposad to
aublathal atodala lavals show aa laoraasa la urlaa
veluaa. Eddy (1361> raportad that this high urlas flow
rata oould rasult tram aa laoraaso la braaohlal

parasability or froa aa laeraaaa la tha drlaklag watar.
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motk — nImf- i1Md ta leereaeed Matar rataatloa la
floh body tlaauaa. It abould ba aotad tbat tbla Mcvk
MOS oarriad out la fraab Matar.

BoMaaar, la aaa Matar tha problaa at Matar
aboorptloa doaa aot axlat baocauaa thba flab aetually ara
faolas a problaa of daocaleatloa aad tbaratora tbay ara
drlaklag ooa Matar. Thua, Colt aad Araatroac <19S1>
raportad tbat tba blgb Matar paraaablllty laduoad by
aaaoala la probably aora laportaat la fraob Matar
baocauaa la tbla aaalroaaaat aquatlo apaelaa ara

hyparoaaotlo.

Sallalty aoollaatloa aloo laeraaaaa tba oallular
aalao oold laval. Tbla alavatloa balpa tha flob la tba
aalataaaaoa ot tba oallular toalolty durlag aapoaura to
byparoaaotle aadla <8obaldt-llalaaa. 1979). Sbablkala
at. al. <1960) raportad alao tbat tba fraa aalao aeld
eoataat moo olovatad Hla ail tba tlaauaa of Q1
aaaBdBolfilia at abblaat aaaocala atraoa. Furtbaraora,
OabroMOka aad Valaow (19M) fouad tbat tba total fraa
aalao aolda la eoaaoa earp aapooad to aaaoala to
lacraaaa la botb brala aad auoola. Thaaa fraa aalao
aolda eaa blad MItb aaaoala to fera aalao aold aaldaa.
Tharafora, It aaaaa tbat tbla pbyalelogloal adaptatloa

la ragulrad at botb aallalty aad aaonala atraoa.
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X» caelusloa, tb«r« ar* oartaia phjratologtoal
aaobanlaaa that ara iaduoad by aalialty atraaa. Tbaaa
adaptatloaa ara raqutrad alao at aanoaia atraaa. Thla
eould aaplaia tha good partoraaaea of aaa aatar

aooltaatad O- to aaaoala atraaa la thla atudy.

elsa Ktfaoti

Tha aajor drawback la thla atudy waw tba fallura
of tha larga Q. apiiurua to grown. Thla aada quaatlfylng
optlaua protala raqulraaaata for growth aad aaaoala
output lapoaalbla for larga o. apiiurua. Ondar thaaa
nlrniiaatanraa aad la ordar to ovarooaa thla drawback tha
boat arallabla optloa la probably to pradlot tha alsa
affaot la rlaw of tha avallabla laforaatloa la tha
Iltaratura, baaad on tha raaulta obtalaad with aaall

flahaa la thla atudy.

It aaaaa uallkaly that tha baalo .traada of tha
blolofloal ralatloaahlpa batwaaa protala lataka, asMoala
aaeratloa aad growth rataa dataralaad for aaall (L.
mpOiiTii» is thla atudy ara golag to ohaaga with flah
alsa at laaat la thalr qualltatlwa taraa. For axaapla,
tha ordar of algalfloaaca of protala paroaat of tha dlat
aad faadlag rata aad thalr aoda of aotlona with tha
parlas _affaet of protala aaargy with aoa-protala aaargy
ara aot llkaly to ohaaga. Thla la alaply baocauaa thara

la aothlag to aupport auoh ehaagaa. Bowavar, ohaagaa la



tlak would result le queetltatlue okeages la growth
rate, feadlag rata aad Mtabolio rata. Brett <IBrB>
reported that mm alsa laoraaaaa aaalaua ratloa <I*.*>
falls raptdlpi aaiataaaaoa ratloa <BMtn> also
daoraaaas but at a slowar rata thaa B«..». This result
la a ooarargaaea, ao that scope of growth <Om»mm>
dladalshas with else. Aa old aatura fish Is aalaly
aatlag for aalataaaaea aad goaad davalopaaati soaatlo
growth la alaost terslaatad. Tha dlalautloa of growth
proaotlag horaoaa that sust aooo”aay adraaead age aad
alas results la a daoraaaad dasand for food such that

tmmm approaochas B«.,».

Tha raduotloa la tha faadlag rata results la a
slallar raduotloa la aatabollo rata aad aubsaquaatlp
aasoala asoratloa rata. This raduetloa 1la growth,
faadlag aad aatabollo rates Is gaaarallp daserlbad by aa
aspoaaatlal aquatloa as follows:

. m g
whara, K m fish aotlrlty (growth, faadlag aatabollo)

rata

V - fish weight

a m eoastaat

b m weight axpoaaat

Bulaaaa (IMd> reported that axtaaslra rasaaroh
proowad tha ralua *a* Is highly rarlabla dapaadlag oat

taaparatura, aotlwlty aad spaolas. Tha ralatloa of fish
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MBIgkt to autlaua sm 1l atso mu quutlfiod by Blltott
<10TB) to bo proportloul to v**** for broMo trout,
muisou <19M> roportad that tha aalght axpouat "b" for
utabolie rata to rathar fImd at 0.S. Jobllag (IMla>
raportad that although auoh ualuu hara bun quotad
ralatlag altrogaaoua aaoratloa to body otsa mowm workars
bara fouad iMth hlghar <IMata, 1970) and lowar (Oarktag,
1089) raluM to ba applloabla.

la ordar to daaalop auoh a quaatltatlra
aaaaurauat for tha alaa affaot oa groMth aad faadlag
rataa for n. apilumi» i« aaa «atar tha data obtalaad
from thla atudy wara ooapllad with data prortdad by Al-
Ahaad at. al. <19M) oa tha growth rata of 2 also groupa
of Q. apiluitia In au watar. Thla ooaparlaon la
probably valid la vlaw of tha olallarltlaa batwua dlata
aad othar cultura ooadltlou. Thlo la ahown la Tabla
0.S. Tha faadlag rata uaad for auli o. mm
ealoulatad froa tha wltlpla llaaar ragraulon aquatloa
davalopad la Chaptar 3 for a 400 protola dlat. Aftar
Mtural 1log traaaforutloa tha alopu of growth aad
faadlag ratu wara fouad to ba -0.23 and -0.32]
raapaotlvaly (Tabla 0.0>. Thla glua ulght aspouata
of 0.7T aad 0.00 for growth aad faadlag ratu.
raapaotlvaly. Thla ladloatu that growth rata daollau
Taatar thaa faadlag rata. Thlo eouluoloa la la

agruuat with that raportad by Bratt <1070> who atatad



thAt alM hM m grmmttr rMtrtotiac «ffaet cm groirth
rat« th«a ea aatabolle rat«, a dIffaraaoa «Aleh Ila

aeeouatad far daoltalac ooaTaralaa «fflolaaey wtth ala«.

Zt aaaaa that tbara ara no data avallabl« oa
>~ wth - «isa ralatleaohtp ter oth«r tllapla apaol««.
Tharafara, ao ooaparlooa oaa ba sada batwaaa fraab aad
ea* Matar growth rat««. Oa tba otbar baad, Baiarla aad
Ballar <1963) ga«« a faadlns foraula witbh a alopa of
-0.45T for 3S-40S protala pallata fad to Q. atlatiou«.,
malard aad rhllllppart <1MO> gava «aotbar formila but
wlth a dIffaraat alopa <-0.9d0) for 83-30« protala dlata
with 0, «iinfciauk aloo. Tha alopa obtalaad la thlo
«tudp la larfor tbaa tbaoa two <-0.00). Altbough th«
larga alopa obtalaad wltb o. apiiuTu» «uggoota that
faadlag rata daellaaa faotar la aoa oatar tbaa la fraab
watar, 1t obould ba raallaad aloo tbat dlffaraaca« la
protala dlgaotlbllltlaa. taaparatura, flab ala« bara

aloo a algalfloaat eoatrlbutloa oa thaaa «lop««.

Tha aajor lataatloa bara Mas to bara oooa
quaatltatl“ra aaaaur«« for «otlaatlag groirtbh aad faadlag
rat«a for o. apilumia ta «oa «mtar. BoMavar, baoauoa of
tha uaarallabllltjr of a nnla «aoratloa or oaygaa
ooaouaptloa aotlaat«« far larga Q. apiiufii» no «ueb a
mis«~aat«bollo Caaocoala aaoratloa) rata ralatloaoblp oaa

ba ealoulatad. It la «xpaotadi boaarar, tbat tba



T*bl* 0.1.

Mot

24.M
34.44
43.39

Toblo 0.2.

Flah SIM

Saoll
Shllo

Largo

ué

>*latlo»*blp batMMa growth roto, 801 (X) «od asaonla
oKTOtloB rato, nu*> ag/Kg/hrfT) for oaoll Q.8gUiinMI

bo bt r 1»
-1.07» 7.233 0.09 0.91
-0.024 0.001 0.90 0.92
-0.321 10.080 0.90 0.98

lolatlOBShIp botwooB BltrogoB aboorbod, ag/lg/D<Z> aod
BltrogoB roUIBod ag/Xg/D(T> baood ob aHBBIa ao tho ¢

oBcrotad BltrogoB.

bo b. St. Error of lot. r
-122.93 0.901 70.09 0.99
-230.44 0.089 104.90 0.99
-144.03 0.090 109.22 0.99

e Boood (B aaaoBia™uroo aBoauroiBBto.

0.99
0.90
0.00

Tablo 0.3. CO&pOftOOB botwaoB altrogoB oftlcloacy ootlootod by
BltrogoB baloBoa Mthod oad growth oad eoreaoo oBalyala
for OMII P-optlunio.

QitUry RitrogM RItrogto tffUiancy(l) RttrogM officiMcy(l) RItrogtii

Rito FrtUir% iBVco  (laltikKt BOtwa, (ItIMKi BttiMd,; «ffUioncy

IWD t 9K«0  MOOOItMV) «aooU only) [

ntrcut)
24M 030 1031 31.34 u.31
A4 114 S3.3S 73,34 4337
a.3S 133 3132 7213 47.73
24M |M 30.73 7137 3337
3444 320 34.33 7333 4337
4333 277 73.73 3137 23.24
AM 233 3333 1317 34,14
34U 331 77,33 33,33 3123
4331 413 34.10 37.33 2312
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abl* t. m l« eacraclea t aad oxygm eouuarcto«
Tabl* t.4 4om 1 | (?I/Igfl h/B) aad oxyg
/Kcdah/D) r«CM for mmll O.oolloroo colcnlato4 frooi
aoltiplo rogroooioa aodolt dorolopod la Chapter 4.

roo4diag Bate Precala x
(XW/D()] 20 30 40
2 4Mooia 1.001 3.431 9.061
Osygaa 273.41 270.31 267.61
4 Anobla 7.931 12.301 16.011
Oxyg«a 3M.07 300.27 374.47
6 AaBoaia 3.901 10.411 14.041
Oxygi 490.73 490.03 401.33



T*bU 6.5 Orawth «ad tMdlag rat«« tor dlIff«r«at «in group« of
n.apiiui-u« ta a«a Mc«t«r t«d 4M Prot«la dl«t.

Body Walgbt SOl
<*)

43.04 1.33
M.20 oM
349.90 0.70

+ B«ttaat«d for 4M protola dl«t froa th« aulttpl« llaoar rogr«««10B

Poodtag lat« Saure«

uv/D
K Tbls study
2 Al-dbaod «t. al. (19M>
19 Al-4bMd «t. «1. (19M)

«quatloa foraulatod la Cbaptor 3 for saall fl«b.

Tabi« 0.6 Body wtlgbt-growtb rat« «ad body Mlght-faadlag rat«
rolatloasblp« for Q.apiiunia ta a«a uator f«d 4M
protola dl«t.

Paraaator bo bi r«
Crowtb rata (SGI) 1.00 -0.23 -0.00
P««dlag rat« (UV/D) 2.20 -0.32 -0.07
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Mtabollo r*t* ezpQaaat will epproximtaly follow tba
fMdIBg nt« «xpoBraat rathar tHaa tka growth rata
agpoaaat. Thts ta aalaljr baoauaa oi tba laeraasa la tha

malataaaaoa raquiraaaata wlth laoraaslag flah alaa.

Vtttara Olraotioaai

maaulta obtalaad la thla atudy oa tba growth rata
of 0. »piiuru« aa aftaetad by dlatary protala lataka aad
aaaocala toxloltp ara coaalataat wlth otbar data la
lltaratura oa tllapla aad otbar “flabaa. Tharafora,
(aaaral traada for tbaaa ralatloaablpa oaa ba drawa for
plaaalas porpoaa. Oa tha otbar baad, llttla data aaaaa
to ba avallabla oa tba affaot oi protala lataka -
aaaoala axoratloa ralatloaablp. la tbla atudy tba
protala lataka waa aproad aa auob aa poaalbla la ordar
to datlaa tha aajor traada oi tbla ralatloaablp. It la
aot olaar wbatbar tbaaa traada daflaad la tbla atudp ara
tllapla apaolfle or oaa ba appllad alao to otbar flabaa.
Tha daollaa la total aaaoala output obaarvad wltb blgb
Taadlag rata aaada to ba axplalaad. It waa ooaoludad
that faadlag rata la I"portaat for tba appaaraaoaa of
tbla daollaa, tbua It la lataraatlaf to atudy tba affaot

of faadlas fraquaaox oa tbla ralatloaablp.

Baparlaaatatloa wltb aaaoala aaoratloa «lItbh auob a
«lda raaga of fTaadlag raglaaa naocaaaltataa aodlfplac

acaa of tba axparlaaatal prooaduraa <og atooklaf
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daMitlr>t lAioli rMults la dIffloultjr la appljlag tha
staadard atatlstleal aaalptloal prooadura. Thus, thara
la a aaad to optlalaa tha aaparlaaatal aathodoldgy,
partloularly tha flah aotlvlitp lavai aad ahblaat oaygaa
lavai, to ataadardlaa flah aatabolle rata, whlla
aalatalalB® tha aaaa auabar of flah far all faadlag
rfimmm. It would ha advlaabla to eoaaldar othar
paraaatara auoh aa raaoval of uaaataa food aad faaeaa la

aay futura taak daalga.

mévarthalaaa, tha raaulta of thla atudp eoaflra
tha orlglaal ala aat for thla projaet; that la,
aaclaaarla™ aa lataaalva aquaeultura aatarprlaa hy
aaalpulatlas protala lataka. Faadlaf a high protala
dlat at low ratloa appaara to ha aa afflelaat proeadura
far lataaalva aquaeultura wlth high aahlaat aaaocala
lavai. Thla la aalaly bacauaa of tha Ilkaly raduotloa
la tha food ooaauaptloa at high aaaoala lavai, whloh
aacaaaltataa provldlag all tha autrlaat ragulraaaata
ooaocaatratad la oaall ratloaa. Optlaua growth eaa ba
aehlavad wlth oub-aatlatloa faadlaga If tha dally
autrlaata aad aaargjr raqulraaaata ara fulflllad wlth
thaaa ratloaa (Saa Chaptar 3).

Furtharaora, high aihblaat aaaoala lavala radueaa
tha foad utllloatloa afflelaaoy. Tharafora, It would ba
advlaabla to uaa hlghly dlgaatlbla lagradlaata uadar
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<uoh ooBdltloaa. Migh protaia dl«ts mrm umally

ooMldarad mm high. digMtlbl«. high aatabollsabl* diata.

Howaaar, tor praotleal applioatioa of tba data
eollaetad la this atudp It *ould ba advlaabla to
ooaaldar tha followlag two orltarla:

<D la thla atudy a vary dlgastlbla oarbohydrata
(daxtrla) aaa uaad. Thus> It aay ba poaalbla that
by uslag a loss dlgaatlbla cairbohydrata, mm la tha
caaa la aoat praotleal dlata, tha high growth rata
obaarvad with low protala latain will ba advaraaly
affaotad. Tharafora, thara la a aaad to eoaflra
thla raault with a aora typloal oarbohydrata
aouroa. IT flah growth la advaraaly affaetad.
than iBoraaalBg tha dlgaatlblllty of tha dlat by
laoorporatlBg aora lipid aad/or Inoraaalag
oarbohydrata dlgaatliblllty. for mxmmglm by
galatlalaatlah (Saa; Kauahlk and Talaa, 198S),
oaa ba applied.

<a&> Tha protalB lataha-growth ralatlonahlp davalopad
at dlffaraat aablaat aarionla lavala, mm ahowa la
Chapter O, aaada to ba eoaflraad by a praotloal
data. Zy vlaw of tha raduotloa la tha food

oocaauaptloa rata at high aaaoBla lavala thla la



lilnljr to bo ooblovod by foodlag high protola
diotoi probably hlgbar than 43.35%.

If tbhaaa two ralatloaahlpa aro prorad to bo truo
ualag praotloal dlota, It aooaa that uatag a blgb
protala diot fad at low ratloa will bo adraatagaoua with
roapaet to growth rata, FCB, PIK, aad aaaoala toxlolty.
Slaoo foodlag rata la tho aoat laportaat Factor
datoralalag oaygoa eoaauaptloa <Chaptor 4) aad othor
wator quality paraaatora aueh aa ohaalcal oxygaa daaaad,
altrlta, altrata, aad oarboa dloalda CSoai Cola aad
Boyd. 1933), thara la aa addad advaataga from thla
faadlag atratagy.

Tharafora, la lataaalva flah cultura at high
aaaoala lavala It appaara that tha oaly dlaadraataga of
thla faadlag raglaa la tha high aaaoala output. Two
approachaa aay ba takaa to orarooaa thla problaa.
Plrat, aa aaglaaarlag approach whara, for axa™la,
parlodlc fluahlag of tha ayataa (aftar aaala) aay ba
uaad to lowar tha axoratad aaaocala lavai, thua taklag
advaataga of tha abort paak duratloa of aaaoala
aaoratloa rata obaarvad with thla faadlag raglaa <8aat

Chaptar 4>.

Saooad, a autrltloaal approach, whara laoraaalag

tha dlgaatlblllty of tha dlat by laoraaalag lipid aad/or
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mor* disMtlbl* oarbohjrdrat«, m Matloasd Mrillcr, wmy
hm applied. Furtharaara, tba low proportloa of aaaoala-
altrogaa aaoratad wltb raapact to total altrogaa
eocaauaad <aa wao obaarwad la Cbhaptar 4> aad waa
aaplalaad to ba dua to blgbar foadlag fraquaaoy) aay ba
uaad. It la Ilkaly that It la poaalbla to lowar tba
aaaoala output by dlatrlbutlag tha faad ratloa aora
fraguaatly tbaa 3 tlaaa par day. Thla faadlag atratagy
la particularly aultad to tliapla which ara aaall,

fraquaat aaal aatara.
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