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Response of Costs and Returns to 
Alternative Feed Prices and 
Conversions in Aquaculture Systems 

J. E. EASLEY, Jr. 

INTRODUCTION 

Aquaculture. the gro'W-out of fi~h and 
shellfi h in managed s) tems. ha recei ed 
increa ing attention in recent year~ as an 
alternative source of fi hi . Several pecie 
are urren tl y ultured in the nited t ate~. 

the mo t notable being catfi h and trout 
(Madewell. 197 1; Klontz and King. 1975). 
Many argue that fi h will uppl) an increas
ing share of the world' protein whi le 
aquacu lture 'Will upply an increa~ing hare 
of fi h avai lable for con~umption (e.g. Ron-
ivalli , 1976) . Whether this tran pires will 

depend in part on production efficiency in 
culture sy~tems. The purpo e ofthi~ paper is 
to examine the effech of cha nge~ in feed 
conve rsion ratios and feed prices on cos ts 
and return ~ in trout production . 

In di cu sions with orth Caro lina moun
tain trout growers. the price of feed and 
additiona l marketing outlets were ci ted a 
two of the major problem encountered. 
While the individual grower cannot affe t 
feed price , he does have ome con trol over 
the feed conversion ratio (pound of feed per 
pound of fish-weight gai ned). Hence an op
portunit y to redu cc cos ts is ava il ab le 
through improved management practices . 
The fo llowing trout feed conversio n ratios 
are amo ng those reponed in the literature: 
1.2 9 : I (Hill , Che n e~ , and Brown, 
1972:374); 1.27: I (Brown, Hill , and Ches
nes , 1974:5); and 1.54 (Co llins, 1972:5). 

A feed conversion ratio of2.0: I was often 
mentioned a a ge neral gu ide in conve r a
tion wi th growe rs. The ev idence suggests 

'A recenl example under>coring inleresl in aquacuhure 
was the Workshop to Idenll fy Aquacultu re Economics 
Re.earch Needs held 23 Apnl 1976 (Smllh and Roberts, 
1976) 
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that a feed conversion ratio of 2.0: I can be 
reduced significantly through more careful 
monitoring of fish weight and feedin g prac
ti ce~. Feed adju tme nt re sultin g from 
changes in fish size and/or water tempera
ture over the growth cyc le can reduce the 
fin al feed conversion ratio att ained. The e 
adju tments can be refined by ampling fish 
ize and watertemperature (Hill. Che nes , 

and Brown, 1972:369-373). The effects on 
costs and return are e timated for al terna
ti ve feed conversion ratios and co mpared 
with two different feed pri es a a reference. 

Budget have been deve loped for three 
alternative raceway y tems, with an initial 
2.0: I feed conver ion ratio as umed (Eas
ley, 1976) . Al ternati ve feed conversion 
ratios are anal yzed and compared with the 
different feed prices through the ir impacts 
on unit costs and the internal rate of return to 
investment in the facilities . The intern al rate 
of return is inc luded as it allows the estim a
tion of the impact of a potentially permanent 
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Table 1.-Trout production budgets for three raceway 
systems, 1975. 

Unll production size 

Item III 

Pounds harvested 25.000 55.000 120.000 
Total faCIlities 

Investment $27.039 $56.795 $112,664 
Overhead costs' 3,586 7,475 14,756 
Operating costs 

Fingerlings' 8,900 19.560 42,660 
Feed' 6,650 14,631 31.924 
Labor' 1.625 3,575 7,800 
Chemicals' 175 385 840 
Utilities' 1,000 t.500 3,000 
Interest on operat-

Ing capital" 1.026 2,225 4,840 
Total operating costs 19,376 41.876 91.084 
Total overhead & 

operallng costs 22,962 49,351 105,820 
Costs/lb harvested 0.92 0.90 088 

Overhead (0 14) (0 .14) (0 12) 
Operating (0 78) (076) (0 76) 

'Includes 1) amortization of raceways, bUilding, and diS tn
butlon lcollecllon boxes at 9 percenl for 25 years, pipes and 
miscellaneous construction and handling equipment at 9 
percent for 10 years: 2) assumed maintenance of 0.5 per· 
cent per year of Investment In faCIlities , and 3) estimated 
yearly taxes and Insurance of 2 percent of total Investment 
In faCilities 
' Fingerlings are 5· to 6-lnch trout. a la-percent mortality 
rate, 9 months' grow-out, and a pnce of $200 per 1.000 are 
assumed. 
' Estimated With a 2.0.1 feed converSion ratio and a pnce of 
$300 per ton 
' Hours of labor estimated from Brown, HIli , and Chesness 
(1974), With $2.00 minimum wage applicable to agncultural 
labor as of January 1976 employed 10 obtain costs 
' Estimated 
"Interest on operating capital assumed to be 9 percent of Ihe 
operallng cap,lal eSlimate of 075 (fingerling cost) + 0.5 (cost 
of feed + labor + chemicals + utllilles) Interest on operallng 
capllal com pUled at 9 percent for 9 months IS equivalent 10 a 
12 percenl annual rate 

reduction in 0 ts overt he life of a project. It 
is computed from income and expense cash 
flows projec ted over the asslimed life of the 
raceway sys tems; hence it differs from the 
simple rate of return on investment. u ually 
computed on the basis of one year' net 
return . 

GROW-OUT SYSTEMS 

In ve tment and operatin g costs are ba,ed 
on information obtained in 1975 from grow
ers and pecialists work.ing wi th the indu~tr) 
(Eas ley, 1976). The tota l investment in each 
of the three concrete race'" ay ystems and 
ass um ed harvest poundage is hown in 
Table I . Overhead cos ts arc ba ed on an 
assumed 15-year life of the race",ay~ and 
bui lding: I 0 )ear~ fo r pipe, and miscella
neoLis co n .,tru c lion ~. 

'The decline 111 overhead co.ts per pound IS largel) 
atlnbutable to Ihe eSlimale. Included for the uII11I\ budd· 
II1gs and miscellaneous construcllon No relationship 
bel ween outpul and Ihis conslrucllon emerged from Ihe 
survey, but Ihe esllmale. themsel,es accoun! for Ihe 
apparen! economies. The same holds true for the reduc 
l ion 111 operaling co.ts between .ystem. I and It. "here 
eSlimate. for ulilille aCC(1unt for the reduced operallng 
cost •. 
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ei the r land nor management cost~ are 
included in Table I: the net return i ~ viewed 
as a return to management and land . Im put 
ing co ts to lhe t:. epecin ll y managemcnt. 
i difficu lt a ' a re ult of the ir variability . I 
the ame time. it is not cru ial to the 
ana l) is: \\ c are interc led tn lhe effec t of 
feed u. age and price f~uct,ualions on lhe net 
return reg, rdles~ of \\ hether lhal relurn i\ 
Lli tribuled between one ( r more facIOI" 01 
produ Ii n. 

ote thaI the vari3ble mput, feed. make;, 
up 34-35 percent of the total oper3tlng 
co ts. hile the fingerling oull;): i\ larger, 
it Illay not be a amenablc to further reLlut; 
!Ion ' a feeLi. Fingerling outla), coulLi be 
reduced by reducing mortalit) rate,: how 
ever. becau e of the ri k a,\oclated \\ IIh 
spreaLiing disease in IIlten,i\ c cullllrc ,)~
tem , the mortalil) rate I~ perhaps currentl) 
crutinized more careful I) than feeLi u age 

EFFECT OF 

lng Table I a. a reference poinr. \\e 
now [urn to the effects n unLl c sh of a 
r ductlOn in the feeLi conversion rJtlo anLi tn 
the feed price. n alternative feed prtce of 

:250 per ton i~ se lecteLl, \\hile the feed 
conversion ratio a ,umed IS \ aried from 
:2 .0: I to 1.5: I b) tenth . Table :2 ,um
marizes the e re ult for UOlt operating 
co ts. Though the assumed grow-out pertod 
is 9 month. a 1-) ear accounting period i 
employed. 

The 50 per ron redu !Lon In the prtce of 
feed, for any given feed conver ion ratio, 
10 er unitoperallngco l $0.04- 0.05 per 
harvested pound in system l. and 0.03-
$0.05 per pound in systems LJ and Ill. The 
$50 per ton reduction in the price of feed 11> a 
ubstantial one. representing a 16 .7 percent 

reduction (as a percent of the original feed 
price). On the othe r hand, comparable re
ductions in unit co tS could be achieved by 
reducing the feed conversion rati o by ap
proxi matel y 0.3 pound in all three sy. ( em~. 
For example. under a 2.0 conver ion in ~y -
tem 1 at the hi gher feed price, unit operating 
costs are $0.78. Unit costs drop to $0.73 at a 
feed price of $250 per ton . Howeve r, at the 
hi gher feed price of $300 per ton, the ame 
reduclion in unit co ts cou ld be ac hie ed b 
lowering the feed conve r ion ratio to 1.7: I . 
A 0 .2 pound change in the feed conve r ion 

16 

Table 2.-Unlt opel allng cost. lor alternative leod 
prices and conversion rallos. 

Feed Feed converSion' 
Pncs 
(ton) Syslem' 2.0 18 17 16 15 

Cents 
$300 78 76 75 73 72 7\ 

250 73 72 71 69 68 67 
300 76 75 73 72 71 69 
250 72 70 69 68 87 66 
300 III 76 75 73 72 70 69 
250 III 71 70 69 68 67 65 

'PoundS 01 leed per pound of nel welghl gained NOIt) Un,1 
overhead cosls are 14 cenl!. ,n SYSloms I and II 12 cents III 
System III 
'Syslems same as Ihose reported In Table 1 

raun l(l\~cr, unit IIpcraltng \.:\l'{' 0) either 
SO 02 or SO 03. dcp~ nLi In!.! Up\l11 the ') '(CI11. 

ked pnce, JnLl ongtnal reed I.:Ol1\cr,ion 
mlto Hence . IInrr~)\cLl I11Jnagcl11en{ prat'-
1I c tn fccdlng lnulJ reLiult! lP\{'llln'ILlt!r
<lbl:. \\tlh mall or negltglhk Inuea, ... ' III 

labor requtred lo IX'f1odtcall) ,ample h,h 
,lie JnLl grll\\th ratc' \n e umpk I' 
h) pOlh.: tIl!LI bciP\\ 

lIlee {.::eLl (OnWmplion 01 lroU{ I, Llcpen
del1l lIn li,h 'I/l' dnLl \\atl.'r temrcr,llurc. 
bl1th ,htlulLi be 'dmrled thrnughnut the 
grtl\\ th qcic\dJu,tmenh III lecLi l an (hen 
be muLie uttll/lng \ldndard feed tahle, rcl..lt· 
Ing leeLi a, u percent 111 hnd) \\elght to fl'h 
,llC anLi \\ ,Her t.::mpaature \\ edl) Iced 
<ldJu\tmel1l, hu\e been reported ba'eJ on 
fi~h ,amp!.:: JnLl \:\(1Cl t.:LI \\elght g'lIn. \\ ith 
\\ aler temperulur.:: lllntrollcJ In a r~lIrculat

tng ) tcm (H til. h.::,ne . dnd B r(1\\ n. 
197:2.369-373). Fluctuatton, In \1.Her 
temperature, from tream nurce, tncrea'e 
the Importance of such \Jmpling. ne mtghl 
expeflmeh t ~ llh the frequency of ,ampitng, 
hu\\ e\ er: at least month I) \1 l)uld probabl) 
be de,irable as both fhh ,I e and \1 atef 
lemperature, can change ,lgntHcJntl ) 0\ er 
thi~ length of time '! 

T gain. me under~tanLiing of the poten
tial magnitude f net 0 t ,a\ Ing (redu ed 
feed cO.t . Increased labor costs) fr m 1111-

pro ed feeding pra tice . the foil wing 
example i hypothe ized. A~sumed are a 
9-month gro\\ -O UI peri d, month I) sam
pling. increased time required to sample of 
:20 minute, per racewa). and a re ulting 
reductio n in the feed conversion of 2 .0 to 

1.9 . Reductions in feed oLl tl a)., a { feed price 
of $300 per ton f r $_ tems l. II. and II I are 

333, 731, and 1.596 , re pec ti ve ly. 

"Monilonng fis h growth b) amplrng ral es the question 
of how large a sample 10 lake. A tec hn iq ue ,s ava dab le 
for e limaling sa mple size when the populalion va ri ance 
is unkn wn (Sleele and Torrie. 1960: 6- 7). 

Llhnr outla"" would be tncrea,ed tn the 
Ihree '),tCI11' hy 'io41, S.IOI. and 211 . 'ct 
co,t ,:.tv tng' (Ignofl ng ,malic hange~ In In
lere't nn operating cJpital) would he 29() 
$610, ,.tnd I. 1M. \\ htle tht: hYPl)lhesl/ed 
redllllilln In the Iced (on\;er Ion ratio mOl) 
h"' u\crl) optiml tic. net co,t saqng' arc 

'Ub<,lantlal ' 

I':HECT~ (H ALl bR ..... 11\ ". 
FEED 'O ..... \. ER, 10'\ RATIO . ~ \D 

PRICE, 0 ..... H \1 E~ Of' Rt: 1 LR'\ 

'hilngc' tn unit operating ll1 t, arc Im
portant hallll11eter, nl prol\wbJ/ll). hll~

o:\o:r, lhe) JII not lull) tllu,trute thl' Impad 
01 p(Jtcntl~lI) permancnt change\ In 1;(I,t' on 
nd rcvenue 10 Inlorpc'rate (he ellclh on 
prohtahtlll) O\er time 01 .1 feLluCI1<>n In thl: 
ked enn\ er'lon rOltlll. tnternul (ales III fe 
{lIfn lin In\e lnlo:nl afL \.:omputt.:d lor thl 
allll.! It:eJ prtle ... and (llIl\er"Un futlll 

,h(1\\ n III rabic 2 . he e \\ erl' e,uOlOlt.::d h)o 

a lomputer program Irom pr'IJeLlc:LI u h 
I1m\\ o\er the a umed 25-~eaf Itfe 01 the 
.Ke\\ oJ\' 

Se\er<tl u~,umptl(ln, ~ere neee' ar} 10 

Llt:\ clop thl.! CO.I"h 11()\l hr'1. In mJer tl 
gt:nerate rc\cnuc,. a proJlILl PrICI.! of 0 Y5 

p.:r p(lunLi IIt\\: \\elghll \IOl a lImeJ. Thl' 
price \\d "ciccted becull c It t Ilghtl) 
abo\ e the high.:: t tllt<tl unit Cll\! computeLi 
und tn the rangt: 01 PrIlC rele 1\ eJ b~ gro\l

er in I Y.5 Rc\ enu.:: \\ t!rc iJ"umcd {(1 

beg III tn th.:: econd) eJr anJ nnlinutng 
through) car ~:-. \\ ith ah age of equipment 
and lanLi (\;)lueLi at :2.000 per ucre) tn

dliLieLi In (he Hnal ) ear-' 
The 05t or OU{Ia~ tream I, a. ,umed to 

begin the fir t ;.ear \\ Ith the In\e'tment In 
f.lctlitlc, . land\alue(at :2.0UOperJcre) 
I' tncluLleJ a, it repre ent' pan of the Initial 

'The re,ult ,ugge,1 perhap that blotogl'" Jnd 
e<:onoml. I should more dosel) e\amme 1M tradeoff 
bel"een labor requlremenl on Iced 109 and gro\\lh re
sponse, 10 feed Alone lbe ame hnes. could more -.elec
live gr.lJlOg ba>ed 0-;' gro" th r-dles reduce IOI.u feed 
requlremenl ' Whal are addItional co-£. "ilh Ihe>e 
refinement 1 An \\ e", 10 the-e I) p<!> olque tlon m'ght 
"ell allo\\ funher IInpro'cmenl m feed ~on, e""on 
rallo \\hlle much ''')f~ ha been done '\lth feed re
spon>e. hllle ha been done ,n ('orrelalmg the,.., re· 
ponse>lo po Ible change, 10 co,,, (otherthan feed) and 

rales of relurn . Po slbte impro,ements 10 e\pecled rute, 
of relUrn are imponanI 10 commercial a\tempts al cultur
Ing ne\\ ~pecles as \\ ell Q~ e\J ling one , 
, alvage values (eslimaled at boo~ value u ing Imple 
lralghl·tone depreci3l10n) ms) be underslated If Ihe 

raceway, In faci ha'e a longer product"e life than Ihe c5 
lears assumed If Ihl s I the case, Ihe rates of relurn 
w uld be Some\\ hal higher Ihan Ihose reponed Ho\\· 
eve r. Ihe empha is IS o n compari on of rate and notlhe 
absolule le 'els 
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(J ull u) Ii. Beyo nd the fi r ~ t year. ac tual nu t· 
lays by year cO I1 \ ist of lhe fo ll OW ing: I ) 
op ratin g and ove rhead ex pe n,es computcd 
u\ in g Table I <.1 \ a ba~e and incorpor.a ting 
the fe ed prices and con ersion rati os ,ho l~ n 

in Table 2; 2) repl ace ment f equ ipmenl at 
~ ucceedin g IO-year In tc rva ls; <J nu 3) esti· 
mated inco mc l<J \ pay ment,. T;:n. payme nt, 
",ere eSlimaleu u ~ing an assumed. ,implif)
Ing tax ,c hed ul e uml an inve, tlllen t La 

nedit of 10 perce nt '" ith a J·year C<JIT>
ll\C r 'i . 

Table 3 prehe nls the int rn al rat s f re
turn computed from the cash fl ows. The 
rales ex hibit a ~ imil ar pattern to Ih al in Table 
2; Ihey inc rea~e fo r a reducti on in feed pri ce 
and for lower feed conve r io n rali os. ole 
th aI the increase in the rate of return i smal· 
le r for a red ucli on in Ihe price of feed. atlhe 
lower feeu con ersion ratios. Th is is true for 
un) one of the three y~ tems. T here arc two 
rea ons for thi patte rn . Fir I. at the lower 

" " land appreciallon or produci-price/co>! tnRallon ir 
assumed a; Ihe primary concern IS 10 isolale Ihe erreCl' or 
the dilTerent COsl condlllons on the rute 01 relurn 
'Taxe, \I ere computed direct!) Irom the net profil, orlhe 
tmul ~nlcrpme Assuming Ihal mo,t operullons would 
he 1I1dlviduaily owned. the tax rates aprlle I may appear 
10\1 compared 10 Federal rales: h,m e\ er. personal de
duction and exemplions have nOI been taken IntO COIl
"derallon. Hence. nile, appheu direCII) 10 net profits for 
cl1I11puling tu\e thai w"uld l:>~ filed under a ,ole prt1pri. 
<Ior,h,p ,t.\tU, would be lo\\or to aUnlO comparable 
I.xes. The a sUllled 13" rate, (percent "I' nel buslOe" 
Income) b) busiIlC.s Income are 'IS f,,1I0\\5: 10.000 or 
less. 10 percenl; 10.001-15.000. 15 percent: 
15.001 -~5.000. 20 percent. S~5.001-4ll.00ll. 25 per· 

cent: Oreater Ihan $40.000. 30 percent 

Table 3.-lolernal rates 01 relurn. 

Feed Feed converSion 
pnce 
(Ion) Syslem' 2.0 19 18 17 16 15 

Percent 
$300 I 79 92 10.3 112 122 132 

250 I 116 124 132 140 14 e 156 
300 II 99 110 121 131 14 t 147 
250 II 135 143 147 15.5 164 172 
300 III 117 129 140 151 162 172' 
250 III 155 162 172 181 180 188 

'Pounds of feed per pound ot nel weight gained 
'Syslems same as those reponed In Table 1 

feed con er ion ra tio. Ie. \ feed I, u\ed. 
hence a gi en hunge in the price of fee<.! ha\ 
Ie ~ impucL econu. al ~uc e ,ivel) lower 
feed conver ion ra l io~. wAe 13"e a propor
tionate ly larger ~hure of an increa~e in net 
profi ts Ih at resull~ from a uecrea, in lhe 
price of feed . 

The ra te of return "ho'" \ 'lIme inlere,ting 
pattern, in moving to lo"'er feeu con\er,inn 
ra lios. A reduction in lhe feeu conleNlln 
ratio of approximate! 0 J pounu, ha\ an 
effec t comparab le to the 16.7 percent ue
crease in Ihe price offeed. Note also th<lllhe 
ra tes increa c more al the higher feed pnce, 
than al the lower one for given reductions In 
the feed eun~er~iOn rat iO,. This 1\ not \ur
pri'ing. 

The pattern of raIl'S should furnISh gnm
ers (anu euueational "pecwli,t, ".nr"lng 
1\ ith them) some uudiliomlllileenlive to feed 
m re efficientl) . ot on I) d profit, anu 
rate, of r lurn incr ase. \ 'Unatlon, 111 net 

return ar( .11\0 lU hlon d 11I1I(",h.11 ir to 

nUduall\,n In kcd I'fI,,· 

\ K,\()\\ LI.DG \1l' '\ I 

Th" paper n:,ullcJ I r,Hl, r\:, .0 h p.1f 
II;}II:- iunul'J 0) Ih~ 1 ~nnl' l'~ \ .dln \11 

thtlfll) he Juthllr l!riJtc!ul" •• ,"n.,\\ kd 'e 
IhJt support .II1J IllI: fe\ 11:\\" 0\ Ih to II1U 

script 0) I'r;lld... .Irl "n ,JIlJ 1.11ll<: \ 

e.lgr,t1e,. h'llh III :-.innh (.tl"phll.1 "IJI 
I1I\Cr'"). J' \\1.'11 a' Ihc' ,,1(11flll'lIt b\ 
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