
MFR PAPER 1015 

ApplYing modern methods 
of mass produc/ton to 
fish culture forms 

Th e Technological Basis for 
Development of Aquaculture 
to Produce Low-Cost Food Fish 

J .A , DASSOW and M. A STEINBERG 

ABSTRACT 

rh, ItlhJlII/"~I«/1 />./1(1 1,'1 d.,./,'pIIIIJlI 0 1tJ/~(- (,Ii( {,,"dll(/III" ,.( 1I1."d 
11 ' (/1< I /I\h . 11I( h 01 (l"p. /1"/1(//,, ",It, 11/"1'1,1 tllld "'I/I, 1"1/111, II I( 1/(" III I I /I 

PlllP(lI, eI lit", II/("It III 11I,11t"d, "I 111<111 1'1 (',/II( 11(111 , I/(I/lllt (1111111, I ( (I till/III " 

(/Ild l("lIl>llI,t/ III '1I<1~' /h. pI "dll( 111111 II/ 1011-, ,HI (lod /1 It It <I IMI til/(/ «(0-

lIollliud/" ,I/'r<llfil(' JlI, III" 111)11/" b, /,ltl(\ (1//01 II/l/\/II/IIII/ r,((1,,, 

t'd,hI, 11£ lit /ll 111, (hlllll( tI/ I'/,Ih,,", 01 II, lit (POIIIII' JI l it, 11111/( d lit ,f, f I/ltl 
hI' I/f(l,ilj/,'d (/I/d II.'/,t!,_,,1 <II 1,,//1/1«1 1(1 pr. P'/I( f" '''-qlla/1I1 Iro ,II 1,1 

hllI( b 7 h",,' hi", ~ I ""III" h, I/II/ab!' 1111 <I 11/.1, I art. II 0/ Jr. ,II / /"" pf' ,1-
1/(/1 <llId (Ollltlll,l/« J"od, all" «111/.1 h( lIud 01 I"olr/II ./d'/1I1" /11 lilt" 
IC'/lds IlId, (/1 PI""'II"/ 11/,,/11 11 ,Ol/lllIll/llt I/(ltl (1""'II't 'f .J {J()lJ pOllllel, " 

.//lh/(/cr,/1 ,ar (11/ ./(/lIa'IIIWlt d, I, /111'111< 1//1 IOI{///III: -1/11,000 II I I III 1111 tI, /itl 
I(/I/d '~I /ltt' lIi/, d ., I II I'r,'/' ( Ic" / hll (1111/" 1'1( "I/(, .: bIll (III (I(lII/ld\ 'I 
lal/dcd IlIh per \'('(/1 III ':5" (//1 f /II lit, I ,hll I'llIdll' "tlll • 0111./ Hll'pll lit, 

addlTlol/ld jl.\1t II, cclt eI /0 111(1/11/,011 1" I 'tll'lT" 111(' «(111\/(1111'11(111 III tll/ , \pwICft ,/ 

G, ,popllla/ioll (II 300 1111/1/11/1, 

Thc /l'C""(l/(l~ICall'/( /0/'101/(/ !t/lli/<I",'III ill Ihll 1'1'!i' , T/l11/ ,II, dll' 1/\\,,, <1101/ 

NEED FOR FISH AS A PROTEIN 
SOURCE 

( 0.:1 ttlllll\ Iheft: .Ire mall pr( telll 

, IIICL'c'. othel th,\I1 II It th"t l.ln he C 
1',1I11lcd thefelore \\C fir I rnu I (n

,"1'1 the peeill necd I('r It h il .1 

men! 

thL' l 

Ir 
I, t 

II 

I) do .I dC\1 e Ihe 

.1 u.ILullure 

III I r 'rllli 1n \ lulJ rr \ Ide 
f II h f r 

with /h <' Ill" d .tor r, "'(/1"( h, I ht'I' jill 1.)1 \ /Ill l"eI,. (I 101111" Tlfltlll 101 lalld II " 111'11 
(2) CO,I/ oj ,IIII/ahlt' wll/t'r. (3) Il/lr,·,/lII~ (',) 1(1 III tI '<lh"/-/l/ltI/I/I, 1//,11/1/1\ • .J ) 

feed cost /11 reili/IO// {(J prodllCi l'lIll1t. (5) d/l('lI\, '''II/r"l. (h) ,/lIl/,I/II'")'(\\///' 

Techlllqllcl. (7) pol/II/ioll cOlllrol rtl/ltl/,II/(II/I, (/11" (,) ",I',I"pll/,IIT "/l/llIrhl 

and (oml/lIlt r (/( (CPIll//( t' 

INTRODUCTION 

It eem clear to a lmost e~er) bou) 
that sooner o r later the in rea ing 
population of the United tale , to

gether with the gradual ri e in the 
living tandard for many underprivi
leged groups, will greatly e,pand the 
demand for protein of all type. One 
ca n argue w h ether a protein s h o rt age 
may develop in 10, 20 , or 50 years, 

but ml~t Illllu tt:chnlllllgl,t, nLilt:1 t: 

thl~ IS bt:~lut: the pOint Tht: redl qut:~
lion I~ the net:u to plan Inteiligentl) 
anu do the ~tuule, to t:n~urt: that In 
the future the l p ll mum harlt:,t llf 
protein ma) bt: obtaInt:u from t:IU) 
ource-~~he th er It from planb, 

anima l , or c hemical ) nth t:s l ~ . Tht: 
fut ure pote nti a l for delt:loplng aqua
cu lture a a method to produce 1011-
co t food fi h a a major protei n con
tributor is our concern in thi s report. 
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ca pit a In th e U nited Sta tes, a fi gure 
th a t has changed littl e ove r th e las t 

25 yea rs. 
If we ta ke th e current es ti ma te of 

po pul a ti o n growth durin g th e nex t 25 
yea rs, fr om 200 to 300 milli o n , it's 
quit e o bvious th a t we' re going to need 
over a billi o n pounds of edi ble fis h 
products just to fill th e ga p c reated by 
th e additi o na l 100 milli o n popul a ti o n, 
assumin g we ma inta in th e prese nt 
sources o f uppl y. Thi s rea ll y mea ns 
a bout 2 billi o n pounds o f fis h as landed 
in th e Unit ed Sta te o r th e equi va lent 
in impo rt ed produ cts w ill be needed. 

Resource ex pe rt s , of course. have 
e tim a ted in rece nt yea rs th a t th e wo rld 
fi she ri es ha rves t can be inc rea ed sig
nifi cantl y by greate r utili zati o n o f a ll 
ava il a bl e ma rin e resource. Sc haefe r 
and A lve r o n ( 1968) th ought a wor ld 

fi sheri es produ cti o n of 200 milli on 
metri c to ns was reali sti c. Thi s com
pares with a bout 70 milli o n to ns a t 
prese nt. Bett er utili zati o n o f ava il a bl e 
fis he ry resources is very impo rt ant. 
H owever , our pro bl em as fis he ry 
technologists is th at we no te th a t U.S. 
ca tches have changed littl e fo r th e 
pas t 25 yea rs. A lso, we see no ind ica
ti o n o f ove rwh elming ch ange in th e 
a bilit y o f our fis hing fl eet to dou ble 
its produc ti o n o f ocean fis h ha rves t 
in th e nex t 25 yea rs . 

W e wo nde r how many ex pe rts 
would o bjecti ve ly cons ide r th e current 
resource developme nts and still predi c t 
confi dentl y th at thi s in c reased su ppl y 
is goi ng to be ava il able to th e U nit ed 
Sta tes in 2000 from th e known ocean 
resources. Th e re a re some who ay tha t 
wo rl d com petiti o n fo r prote in sources, 
th e pro bl ems of i nt e rn a t io na l fis heries 
manage ment , and th e economic of 
world fis heri es ma k. e it unli ke ly th a t 
we will be abl e to m ain ta in our 
prese nt source o f fis h suppl y, inc lud
in g domesti c ca tch es and imports , 
durin g th e nex t 25 yea rs. 

Thi pe r pecti\e sugge ts th at ei ther 
fis h consumpti o n will dec rea e su b
stanti a ll y or else additi onal resources 
must be de \ eloped . Our be li ef is th a t 
o ne feasibl e deve lop me nt to meet 
thi s futur e need fo r dome ti c fishe ry 

produ c ts is th e la rge-sca le produ c t io n 
o f low-cost fis h in warm-wate r pond 
culture . 

CONSIDERATIONS FAVO"" 
INLAND FISH CULTUM 

W e have referred to inl and fis h cul
ture, a nd yo u a re like ly wo nder in ! 
"Wh a t' th e m att e r w ith ma rin e spectes 
culture fo r fi lling thi s future gap?" O ne 
must be impressed by th e achi evements 
in m ar in e fi h and she ll fis h cul ture 
in th e pas t decade, ye t it appea rs th at 
th e d evelo pm ents a re p rima ril y in 
hi gh-va lue spec ies such as salmo n, 
shrimp, po mpano, pl a ice, tun a , and 
lobste r. For thi s di scussio n we w ill ex
clude oyste rs, mussels, and other mol
lusk culture . Salm o n cultu re h as been 
hi ghl y developed in recen t years for 
th e purpose of restor ing and maintain
ing th e fis h tock . T h is important 
aspect of fis h cultu re is a lso app licable 
in a lesser degree to other species. 

Our objecti ve, however, is further 
develop ment of aqu acu lture to increa e 
produ cti o n of fis h for direct consump
ti o n . I n recent yea r such a develop
ment has occu rred in Pacific salmon 
in Puget Soun d. Salmon mariculture 
techni ques are being applied commer
c ia ll y in w h ich coho salmon are 
ra ised in alt-water pens to a market 
size of 8 to 10 oz in less than a year. 
T he dressed fresh a nd frozen sal mon 
will sell who lesale for over a dollar a 
pou nd. There are many problems , of 
course, of feed i ng, predation , disease, 
an d mai ntenance of the mari ne pens, 
includ ing poll ution and water-q ua l it) 
aspect. H owever. no one presen tl y 
expects this to be a means of mass
producing low-cost fish . The out look 
i somewhat imilar to that developed 
by the large- ca le trout farm in the 
U nited Sta te, wh ich concentrate on 
a highl) de irable species to be mar
ke ted fre h or frozen with a gourmet 
image . 

J apanese contri butions and de\ e lop
ment in aquaculture ha\e been su b
tan ti a l for man) ) ear, and their 
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cul ture technolog) for) cllo\\lilil, ~Cil 

bream, hrimp, and othcr hlgh-\illuc 
pecies has been v. ell documcnted 

Il yth er (196 ) commcnted thilt the.; 
J~ane e hrimp culture h a~ bccn pcr
fec ted to th e degree v.here ma\\ ha tch 
ery reari ng i carried out nuttne!\ 
The species wa reared to mark.ct \lle 
and so ld for the fi r t net profit In 1967 
T~ q uoted market price at that tlmc 
of S4 .00 per pound in Japan for Inc 
cult ivated sh rimp in relation to the 
re lat ive l) low co t of Japane c labor 
and ma te r ials appear ou t of pro
portion . H owever. Rythcr IndI 
cates th llt thi reflect the effect of 
the h igh costs for facilities and feed In 
hrimp cu lture . 

Let ' take another e,'I,ample . ) ello'v
tail , from the well-de\eloped aq uacul 
ture indu try of Japan . F-uruk.a\,a 
(1970) showed that the cost of)ellov.
tail cu lture depends on the methods of 
culture management. e.g .. fl oa tIng net 
cage a compared to embanked pond. 
Feed costs were the bIggest SIn gle item. 
however. and varied from 46 to 60 
percent of producti o n cost~ In the 
three method of yellowtail culture 
Other costs, uch a matntenance. 
wages. and eed \aried r lall\cl) far 
more in the \'arious method. F-uruk.av.a 
concluded that cheap feed of good 
quality i nece ary for succes~ful 

yellowtail culture in Japan and that 
the preparation of an art ifi CIal dIet I~ 

desirable to e.\pand the Industr) 
Other species de\ elopmenh ma) hc 

cited, but the e e'l,ample of aquacul
ture for high -\ a lue pecles i1luqrate 
that problems in mark.ellng.technolog~. 
and management limtl the Indu~trial 

development after the bIologIcal 
succe of seed I ng and reproduclIon 
technique I a sured econd. It 
appear that election of a hlgh-\aluc 
pecies v. ith the gourmet Image doc\ 

not a ure in tant tndu tr) \UCCC\\ 
and profits. 

Third. tl appears that feed CO\l\ 
and feedIng technolog) are hIgh-co t 
factors that must be tudlcd Cllmprc
he n i\el ) and ohed \\llhln thc CCll
,.. omic limits of a parllcular pecle, 
With these pOInt In mInd v.c can turn 



to a closer examinat ion of the tech
no logical bas is for production o f lo w
cost food fish by aquaculture . 

Production of Low-Cost Food 
Fish 

The feasibilit y and econ mics of 
freshwater aquaculture to pr vide 
fish o n a substantial national leve l 
must be demon trated on its potential 
for large-scale production of suit able 
food specie at low cost. Otherwi e. 
aquaculture will provide no more than 
an additional ource of hi gh-priced 
fish to provide variety for the Ameri
can gourmet. This is desi rable but wi II 
not help provide m uc h of the 2 billion 
pounds of additiona l fish needed in 
2000 . To accom plish this with aq ua
culture we suggest the technological 
development of wa rm-water inland 
fish culture utilizing species that will 
produce the maxi mum protei n return 
per acre per year. 

The fish specie propo ed for e-.,.
panded production study are those for 
which we already have from fish cu l
turists some firm indication of a high 
production potential. Species wi ll be 
selected for maxi mum producti \ it) and 
desirable growth characteristics under 
warm-water conditions and might 
include carp. buffalo fish. til apia. white 
amur or grass carp. mullet. mi lkfish. 
and catfish . Selecti ve breedi ng of 
adaptable species for maximum growth 
return in large-scale inland water im
poundments is an essen ti a l part of 
the development . just as it has been 
for poultry and livestock. 

It is well established in fish culture 
that the highest production may be 
obtained by use of species having the 
sho rtest food chain; therefore, plank
ton-feeders like tilapia a nd herbi
vorous species such as white am ur will 
win the production race aga inst insec
tivorous fish like chan ne l catfish. 
Swingle ( 1968) of the Auburn Uni 
vers ity Expe rime nt Station, Auburn , 
Alabama, repo rted in 1966 to th e 
FAO Symposium on Warm-Water 
Pond Fish C ulture that species com-

binations are hi ghl y u eful an d pro
ductive in po nd -fish culture . Thi~ 

pol yc ulture mea n&, for examp le. 
combining plankt o n feeders lik e 
til ap ia wi th in ecti vo ro us fish li ke 
calfi h a nd pi ci vo ro u fish uc h as 
large-mo uth bass . Dr . . W . he ll . 
a lso o f th e Auburn ni vers it y tati o n. 
ha provided info rm ati o n (per&o na l 
com munica ti o n. Au gust 1972) that 
ca rp a nd buffalo 11 h may be ra ised to 
commerc ia l ize in e ither one or twO 
year. dependin g o n th e market ILe 
req uired. The Yie ld per year I about 
the ame . 2.000 pound per acre. n 
increase of thi ) ield to 3.000 t 4 .()O(J 
pou nd per acre per ) ear 1\ foreca~t 

with impro'ements III cu ltu re method. 
Even more promising from a pro

duction \iewpoint I the v.h lt e amur 
or gras carp. Thi herbi\orou specie 
may be started in the pond a fry and 
will produce more than 4.000 pound~ 
per acre per year. If culture facilltle~ 

permit the introdu tion of 3-lnch 
fingerlings. two-pound v. hlte amur 
may be han e ted in three m )nth and 
three cr ps a year co uld be har\ested 
for a total f 8.000 to 12.000 pound 
of yield per acre per year. A an indi
cation of prod uction cost. the n h 
culturist a t Auburn ni\er it) (Dr. 
E. W . hell) a nd the Bureau of port 
Fisheries a nd Wildlife Station at 

tutt gart. rkan a . state that buffalo 
nsh can be rai ed fo r 12 to 14 cent 
a pound with the present knov.ledge 
in fi h culture . Faster-growing specie. 
uch as th e white am ur. can probabl) 

be ra ised even more cheaply. gi\en 
th e tec hn o logica l production facilitie . 
Use of polyculture and contro l of 
water temperature for optimum grov. th 
the year around are other likel y 
methods for decreasing producti o n 
cost. M o re examples of producti o n 
po tential mi ght be cit ed ; however. 
we think these illustra te the real 
possibiliti es a head for inl a nd fish cul
ture . 

Space is another factor for aq ua
cu lture but offe rs no rea l problem. 
In the Pacific Northwest . especiall y 
in the Colu mbia Bas in , th ere is su b
stantial acreage of undeve loped la nd 
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wh ic h i~ e ith er not ~uitab l e for irri 
ga ted crop devel o pment or I ~ not 
a ttracti ve economica ll y for agricultural 
deve lopme nt . Gr ee nw oo d (1971) 
~ t a ted In a re view of Inland li,>herie~ 

that ove r 2 mill io n acre~ o f delta land 
in the United State~ a re a pparentl y 
ava il ab le and accep table for aquacul 
ture deve lopment. If o ne as'> um e'> 
deve lopment I n the next 25 yea r,> 
on o nl y o ne-fou rth of thi S delta land 
v.lth a production of 4 .0(JO pounds of 
fish per ac re per year. we wo uld ha'e 
2 b illi on pounds of landed fi h pro
duced JUSt from the southeastern part 
of th e nlted tate . 

Utilizing Pond-Fish For Food 

The on umer ha hov. n 
genera ll y a preference for marine 
"pecles and for cold-v. ater. fre h\\-ater 
f1 h II"e trout and v.hitefl h With the 
c-.,.ception of cu ltured catti h In recent 
years. these preferences ha\e Inhibited 
the de\ elopment of Inland ti hene 
and pond-ti h cult ure. The question 
then I hov. doe the technologl t 
propo e to u e the e large \olume of 
cultured pond fi h for food In \ iev. of 
the fact that the) are nOt \\-ell accepted. 
Bri efJ). the ans\\ er I to u e them for 
proce ed product In v.hich spec ies i 
not important bu t com enie nce . food 
\a lu e. and accep tab ilit y of the nnis hed 
product a re important. 

Recen t de\ elopment in the fie ld of 
fi h -p rocessi ng technolog) make it 
practicable to u e a \\ ide \ ariet) of 
pecie no t accepted a pri me food 

fis h . Method are now availab le for 
the production of high-qualit) fish 
blocks (Figure I) from the mechanical
ly separated minced Ae h (Figure 2) 
o f either si ngle pecies or of combina
tion of species. During the 1950' the 
development a nd wide acceptance by 
the consumer of nshsticks. breaded 
fis h portions. a nd o ther heat-a nd-eat 
convenience foods created a substan ti al 
na ti o nal marke t for frozen cod and 
haddock fi ll et blocks . As the demand 
increased during the 1960's, the pro
cessors became increasingly dependent 
o n imported cod blocks (Figure 3). 



Figure 1.-A National Marine Fisheries Service 
scientist in Seattle examines a flavor- and 
texture-modified plate-frozen fish block pro
duced from hake, one of our underutil ized 
species . The minced flesh for this block was 
obtained by passing headed and gutted hake 
through a flesh -separator machine, at about 
half the cost of conventional fi llets . 

Predict a bl y. the ave rage price rose 
sha rp ly (Fi gure .+ ). As suppli es o f 
do mestic a nd impo rt ed cod and h ad
d ock became too limited to meet th e 
dema nd . p rocessors turned to less
d es ira bl e spec ies still suit a bl e fo r 
b locks. such as Paciflc po llock . G reen
la nd turbo t. ocean pe rch . a nd wolffis h . 
I n Decem be r 197 I frozen blocks of 
th ese and o th e r mi sce ll aneous spec ies 
accounted fo r .+3 pe rcent of th e ava il 
able supply . 

In th e past fo ur years our l abora t o r ~ 

has made la rge ga ins in deve lo pin g 
th e t echn o l og~ of se pa ra tin g ed ible 
Aesh from skin and bo nes in hi gh 
yie ld by mech ani ca l meth ods. Y ie lds 
ca n now be increased fro m prese nt 
ha nd- or mac hin e-fi ll e tin g 30-33 per
ce nt to mac hin e se pa ra ti o n of '+5-1)5 
pe rcent. Thi can be directl y app li ed 
to economical pre parati o n of froze n 
blocks of the min ced Aesh from cu l
tured spec ies of warm-water pond 
fis h . Most impo rt a nt fo r app lication 
to m any less-desi rable spec ies , th e 
meth od lends it e lf to Aavor a nd te\ ture 
contro l and to im prmed stabi liza ti o n 
of produ c t duri ng frozen sto rage 
(T ee ny a nd I\li yauc hi . 19n). 

We h ave de mo nstra ted that blocks 
made from the comm in uted tl es h of 
bu ffa lo fi h and o f ca rp a re o f hi gh 
acce pta bilit y and have good process
in g ch a racteri s ti cs . Considerab le 
enthusias m has bee n show n o n th e 
pa rt o f processo rs in inl a nd a reas. 
whe re w ild buffa lo fi sh . ca rp. and 
o th e r wa rm -wa ter spec ie a re re lati\e l) 
a bundant. It is ob \ ious. howe\ er. to 
eve n th e mos t o pt im isti c processor of 

Figure 2.-Technologists at the Nationa l Ma
rine Fisheries Serv ice Fishery Products Tech
nology Center in Seattle are preparing minced 
flesh from dressed fish by use of a Japanese 
flesh-separator machine . The work is part of 
research in developing new ways of recoverin g 
and using all the edible port ion from under
utilized fish species . 



these species, that a commercia l 

operation of major proportion "ould 
quid.l) reduce wild stock to uneco

nomic le\els . The processor of fi h 
sticks and portions must ha\ e a large 
and reliable suppl) of Im,\-cos t rav. 
materials . This could be provided by 
large, industrial aqu ac ulture opera
tions. The concept of culturing rela-
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tivel) low-\alue ~pecles IS a dcparture 
from prc\iousl) hcld \ICV., In \\hlch 
onl) hi gh-\a luc carnl\orcs \\crc con
sidercd to be sUitable ubJ ects for 
aquaculture. The productIOn l) f \\arm
water, fresh-v. ater herbl v ores, \\ h o,>c 
nutrition al requirements are met b) 
supplemcntal feedlllg, seem, to be an 
entirel) realistic a nd economlcall) 

.... N 

" 

Figure 3.-U.S. imports of fish blocks (1962 -71) . 

feas ib le o pera t io n , prov ided It i~ 

gea red to the needs of the p rocessor 
and the In,t it utional ma rk et. It has 
the potential for free ing the .. p ro
ce"or from dcpendence on the in
crea,ingl) e\pens ive and con tin ua ll , 
decreasi ng ,>upp l, of Imported ground
fish . 

TECHNOLOGICAL FACTORS IN 
PRODUCTION OF LOW-COST 
POND FISH 

At thi~ pOint "e "ould like to sum
marize our posItion "ith a quotation 
frolll the chapter ""Fish for 300 1\11 1110n"" 
b} Philip 1\1 . Roedcl (197 I) In the boo!-
""Our Changing Fishertes ."" 

"The potential for artifiCial cultl
\atlon i man). man) tillles the pre
sent production frolll aquaCUlture, and 
SCientific rcsearch and application 
of Illodern englneertng technique 
could result In man) practical advance. 
COlllmerclal firills are ~ho\\ing con
Siderable IIlterest In certain aspect of 
aquaculture becau e of the resource 
O\.\nershlp aspects and the abil it) to 
eillplo} advanced production systelll 
that "ill provide a uniform suppl) to 
mcet Illar!--et deilland . Toda). artificial 
culti\atlon In fi,herie, can be li!--ened 
to the poultr) industr) of ~5 )ears ago. 
\\ hen production of broiler chic!--en s 

was about 9 percent of \\ ha t it \\as in 
1968. Aquacu lture has the potent ia l 
to match the tremendou gro\\ th e\ h i
bited in the pou lt r) industr )."" 

The compari on with th e deve lop
ment of th e mass p rodu cti o n po ultr) 
ind ustr, is IllOSt app ro pr ia te to us. W e 
beli e\e that the tec hn o logical facto rs 
a nd limitat io ns th a t a re i lll port a nt to 
large-sca le prod ucti o n of food fis h b) 
po nd culture have mu ch s imil a rit y to 
the prob le ill s faced by th e po ultry 
ind ustry 25 yea rs ago . Fo re m os t 
amo ng th ese lilllit a ti o ns a re: ( I) COIll 
petit io n fo r la nd use, ( ~ ) c ost of suit -

o 
"-
0.. 

"-0.. (). Figure 4.-Average price of cod blocks to 
U.S. fish processors (1962 -72) . 
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able water, (3) increasing costs in a 
labor-intensive industry, (-+) feed cost 
in relation to product value. (5) disease 
control, (6) efficient processing tech
niques, (7) pollution-control require
ments. and (8) development of markets 
and consumer acceptance. 

In our comparison with the poultry 
industry of 25 years ago. however. the 
last two items. pollution control 
and marketing. were probably the 
least of the problems faced by the 
poultry producers in the 1940's and 
1950' . Both of these items will assume 
major roles in the development of 
large-scale aquaculture. We have not 
mentioned the problem of securing 
risk capital for development of aqua
culture simply becau e. if we can 
solve the technological limitations, the 
desirability of aquaculture a an inve t
ment will be establi hed. In discussing 
these limitations. a follows. only the 
extent of the problem and the contri
bution toward solution that can be 
made b) technological research are 
indicated. 

Competition for Land Use 

The pertinent que tion that must be 
answered is whether the value of the 
crop produced e.xceeds the value of 
competing uses. In 1971 U .S. pro
cessor spent about 137 million dol
lars for imported fi h blocks. This 
cost will increase as the ocean resource 
declines and international competition 
increases for the available resource. 
Costs will a lso increase with the 
general trend of things. Of course, this 
last point applies to the culture of 
pond fish, but we suggest that produc
tion costs will decrease as knowledge 
is gained on methods for increasing 
efficiency through culture techniques. 
selective breeding, nutrition, improved 
feeds, and technological improve
ments. An aq uaculture operation such 
as we are concerned wi th can absorb 
increasing land and water costs better 
than the marine fishery can absorb 
the costs of lowered yield per unit of 
effort. As for competing uses , we sus-

pect that mariculture operations 
in sheltered coastal waters would ex
perience more competition from rec
reational and commercial users than 
would fresh-water aquaculture oper
ations in rural areas. Most agricultural 
operati ons would not be competitive 
because the land used for aquaculture 
will be of marginal value for agri
culture and, in any ca e, the produc
tion and value of fish per acre will be 
justified as is any other return on 
the land. 

Cost of Suitable Water 

The water quality requirements for 
warm-water-pond fish must be defined 
on the basis of species requirements, 
although generally the water must 
meet accepted chemical and biological 
criteria now defined by the tates in 
their water-quality standards. In future 
developments, the use of waste-cooling 
water or thermal effluents from steam
electric and nuclear-power plants has 
al ready been forecast by the work of 
National Marine Fisheries Service and 
other agencies (Yee , 1972 : McN eil, 
1970). This heated water will be used 

to maintain the optimum temperature 
for fish culture year around. Use of 
warm water from geothermal sources 
and developments is also likely. In the 
fut ure but arriving very fast is the 
development of practicable water
treatment methodology to enable a 
fish hatchery or culture facility to 
treat and recycle the water. Such re
circulation would appear to be partic
ularly desirable for the raceway cul
ture of food fish predicted for the 
future. With these developments, it is 
believed that water costs will be 
reasonable for large-scale fish culture. 
Some problems for research include 
the effect on the fish of buildup of 
trace elements and organic contami
nants, if not removed in the treatment 
process. Use of chlorination and ozona
tion to purify natural or waste waters 
has definite limitations for later use in 
trout and minnow culture (Basch et 
aI., 1971). Additional research on 
disinfection methodology is needed , 
including these and other treatments 
such as ultraviolet disinfection. How
ever. there appear to be no severe 
li miting factors in the present technol
ogy and the known effects on the fish 
species studied to date . 

Figure 5.-large-scale trout production ponds near Buhl , Idaho. The tali metal silos are for dry 
feed storage and supply the feed lines to the automatic feed dispensers in each raceway. 



Increasing Costs In A 
Labor-Intensive Industry 

Anyone who has I·\or!,ed in or been 
around a fish -cultura l facilit) know~ 

the meaning of labor inten~ive . I t 
seems as if everything tc be fed. mOl cu. 
or transferred inlol\e~ a great amount 
of manual labor. ObI iousl). there I'> 
an anslVer through production de~ign 
and mechani zation but. in our judg
ment. ani) if the fl ' h-culture produc
tion facili ty i large and planneu for 
efficiency and mechanllation. uch a 
facility 'A ill be a different from a con 
ventional fish hatcher) or trout farm 
as a modern batter) -cage broiler
production plant is dillerent from the 
poultr) farm of 1940 . utomated 
feedin g methods arc entlrel) fea\lhlc 
fo r man) fi sh ~pe Ie (Figure 5), In 
at lea tone peci~ . Tt/(/pI<I (//lr('(/ . 

the use of cage culture ha, been uem
onstrated for controlling reproduction 
in ponds used fo r intensile production 
of marketabl e fish (Pagan. 1969 ). 

l ech anized harle ling o f Ihh of a 
des ired size 'A ould be most practicable 
in a cage or race'A ay-t) pe culture . 
Selecti on and adaptati on o f specle~ 

and . indeed. the breedin g anu genetic 
development of auaptabl e .,p ecie~ are 
foreca t. This 'A ill reqUJ re man) ) ears 
because. as pointeu out b) Imon 
( 1970) in his re ea rch at Oregon tate 
Uni versl t). it is more effective to 
select a sin gle populati on for ch anging 
one character is ti C than to attempt 
simultaneous selection for e'eral 
desirable ch aracteristics . The sel ecti on 
and breeding of fish for inland waters 
having th e neces ary characteri stics 
for producti on in a mech anized 
faci li ty are essential to the olution of 
this probl em of high labor costs In 
aquaculture. 

Feed Cost 

Feed is the highest single cost factor 
in raising fish to marketable size. The 
biologist is concerned primari ly with 
feed conversion, th e weight of feed 
needed to produce one pound of mar-

ketab lc Ibh . ~ InUl ca teu earllel. the 
fea~lbility 01 ,alm)n Illancultun: In 
Pu ge t Sounu ha, been UeJ11on,trateu 
by ational tanne I I~hen e\ '>cr\Jce 
re\carcher, . I n I ccelllbcr 197() the 
rc,earcher, reJl0rteu that 'Alth a con 
ler~lon of I . ~ anu leeu at 111 ~ cenh 
pcr pound ( re 'on 101,t Pel !chI. 
it woulu co,t about 2~ cent~ f(lr the 

fecd to Jlrouucc Jlounu of cohel 
\almon r 1ahnkcn cl al . 1970) I he 
~alm on 'Ioulu be hafle,teu at the IIp
tlmUJl1 'ILC . about 10 to 12 ounce 
for ma\IJ11UJl1 con'cr~Jl)n I I~h can 
be helu longer to Jlr lduee larger '>I/e~. 
but thl'> re\Ulh In a 'lgnlfic,lIltl\ great 
er conler~1 ln ligure (11 leeu Jler Jlounu 
of fi~h hane\teU o\t, Jler pelunu \11 
prouuct Ilouid he naturall) higher . 

II thl'>. 01 cour'e. I~ \lmilar t\) II hat 
\I ent on )ear, ago In the hnli1er chick 
en Indu,tr) fhe ,ame approach 1\ 

being apJllleu In catli,h IJrJl1lng eur 
rentl) anu IllU\t be dPplled t\l Jl1dke 
eomJ11erclal culture 1)1 In) 'peCic, 
ueee~,lul 

The Important thing tIl emphJ'>Ile 
I~ that the uel eillpJl1ent elf the Jl1 "t 
efflclcnt anu 1011e,t eo\t leeu (a, In 
the regon mOI~t pellet felr ~JI mon) 
1\ a research Job for the nut[Jlioni~t 

and the foou tt,;chnologlq In coelpera
ti n II ith the fi,h cultun\t Recent co
operati\e te~ts b) our IJbelratelr) \I Ith 
Dr. Lauren R. Donalthlln at the L.,nl
ver it) of \Va~hlngton ' ollege of f I~h 

erie dem n tr,lIeu the \ alue and PO\
sible u e of pelagiC reu crab (Pit /1/ (1 /1-

coc/n pili/II pel) in feeds for t rou t a nu 
alm on . Thi ' red crab I a ,mall 

crus tacean occurri ng in huge quan
titl e in th sou th eas tern Pacific anu 
ff both coa ts of Baja alifornia . 

The crab prol ides a good protein 
source and i e\ceptiona ll ) rich in 
carotenoid that are a desirable com
ponent for improvi ng the color and 
acceptabilit y of the fish. A tud y (Steel. 
197 I ) at Oregon State ni versi t) dem
onstrated that a trout diet rich in 
carotenoids also produces Ash with a 
better flavor . More collaborati \ e 
studies between the food techno logist 
and the fish cu l turist are needed to 
make the best use of low-cost feed 
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matenah and to formulate the 1l10'>t 
elfic len t ulet Ju'>t a, In other anll11al" 
11 " e~,e ntlal to \lUU) each ~pecle ... · 
requlrement\ In the cu lture enViron
ment In thl~ wa) techn olog, can con
trlhute to hetter utililatilln of our 
Iltt!c-uwJ fl'>her~ rc,ource'> fur f(1(lJ~ 

anu to JlroJut\l!1n of lov..er-co,t fccJ~ 

lor l<if 'e- ... ca!c aquaculture 

Disease Control 

f he Jlrohlem (11 J1'>ea,e control I, 
11(1t JU\t up to the h\h cultun,t or the 
pathologl\t In thl\ grcater per pectl\ e 
l f J1)l1uern aquaculture . [)e,eloJlment 
unu Illrmulatleln \11 !ceu ... . cllcCh ell 
lrace clement, anu gn1\\ th la\.:ll1r~ , 

C(lntr(ll \11 \later quallt~ anu templ.:ra
ture . anu Influence 01 I1ther en\ I[(ln
mental lact\)r ~uch a tan,"" Jll1nu. or 
cage ue'>lgn arc all Impl)rtant. he 
'\If bl)log1'>l\\lorklng\lllh almon 
culturc In Puget ounu Illunu. e.g., 
that the Iniectilln 01 the almon \lllh 
I ,h,. ;" \la, relateu In Jlaft to de<,Jgn 
ell the Jlen\ , the \I eh u~eu . and Jlrnb
Icm\ 01 loullng . anu the neeu Ilr 
raJllu flu,hlng h) tlual current . 

Efficient Processing Techniques 

The Indllclent anu un,anltary melh
ou~ 01 har\e,lJng, nu pr )ce \lng trout. 
huffalo li~h. anu eatli h fr)m Impie 
farm Jll nu, are not acceptable for 
J1)ouern aqua ulture. Indu ' tr~ !cauer 
In trout farming anu m t re entl~ 

In salmon manculture are Intere,teu 
In better method of hane ling. kill
ing. bleedi ng. butchering. proce Ing. 
anJ packagi ng the fi h . The u e of 
cold-brine immer ion for stunning 
and immobili zing the A h just out of 
the water has been an important tep 
for'Aard. Studies in our laborator} 
shOll th at killing and bleeding tech
nique affect the color. qualil). and 
e\ en the cold storage Ii fe of uressed 
trout or salmon. We expect that these 
factors will be important in hanest
ing and proces ing mass-prouuced . in
land-II ater ~pecies for both the mar-



keted fresh fish and th o e proce sed 
to froze n blocks and a variety of 
fi shery products. 

T he speci e selected for hi gh yield 
and growth potenti al in inl and waters 
w ill probabl y include fish such as carp, 
tilapi a. buffa lo fi h . amur, mullet . and 
others that are not highl y desirable 
as dressed pan fi h . The process in g 
of th ese species wi ll consi t of head
in g and gutting, separati on of all ed
ibl e fi e h by machin e, and th e process
in g of the edibl e fl esh to frozen blocks. 
Th e blocks form the intermedi ate 
materi al for proces i ng at th e whole-
ale leve l to fi h porti ons, ticks . sand 

wich porti ons. fish cakes. spreads, 
speci alt y products, and as a wet -pro
tein in gredi ent in processed mea ts and 
foods of many types. Much of th e 
basic techn ological study has been 
done for thi s development by th e 
NMFS techn ological centers in Seatt le 
and G louce ter , M assachusetts. T hi s 
proposa l for the future use of cu ltured 
inl and fish sim pl y bri ngs toge ther th e 
potenti al yield from large-scale pro
ducti on with a proce s techn ology ca
pable of utilizin g it in th e most effi
cien t manner for a w ide va ri ety of 
convenience foods . 

Pollution Control Requirements 

Littl e need be sa id on the impor
tance of plannin g and research on 
polluti on control in any large-sca le 
aquaculture en terpr i e. I f th e concept 
of a large- cale cu lture facili ty i inte
grated with the processing faci lit y. it 
is desirable to plan pol lution control 
on a uni fied basis. For example. waste 
mater ials and protein from the food
processing plant become part of the 
raw materials for feed formu lati on, 
th ereby clo in g the cycle for solid 
was te utili zation . Pl ant effluents cou ld 
be treated for recovery of dissol ved 
protei ns for feed materials. thereby 
li ghtenin g th e pollution load . I f pla ns 
ca ll for secondary and tertiary treat
ment of all effluen ts. the complete 
technology of water treatment and re
u e may be appli ed for both culture 
and proce facilitie. 

Development of Markets 
And Consumer Acceptance 

W e do not underestimate th e prob
lem of marketing fish and fi hery prod
ucts w ith unfami l iar name. or worse. 
w ith names linked to strong prejudices. 
T hose who have worked with market
in g of buffa lo fish and carp are famili 
ar wi th this problem . A good product 
i mage and consumer acceptance wi II 
be difficu lt or impossible to achieve 
in our opi ni on w ithin in land fish prod
ucts unl ess the food industry app roach
es th e problem of selling th e e new 
pec ies and products to the American 

consum er in th e same spirit used with 
every ot her new food concept . You 
wil l note tha t we sa id food industry . 
n OI fi hery industry. for th e obvious 
reason th at th e fir t element of succe s 
in thi s projection of an indu try for 
large-sca le production of in land fish 
wi ll be to recognize that the producer 
is in th e food business first and th e 
fish bu i ness second . T he govern men t 
market specialists and technologist 
wi II be needed to a ist industry in 
th e developi ng year ; however. the 
main solu tion to the marketin g prob
lem wil l li e wit h American food indus
try know-how . 
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