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MICHAEL CASTAGNA 

INTRODUCTION 

In recent yea r there has been an 
increased interest in the development 
of marine aq uaculture or mariculture . 
Techniques for growi ng man y tradi
ti o nal specie, uch as oys ters and 
quah og, have bee n developed , and 
considerable effo rt has also been 
made to test the feasibility of cultur
in g new. less traditional species (Loos
anofr and Dav is, 1963; J versen, 1968; 
McN eil , 1970; Pri ce and Mau rer, 
1971 ; and Milne , 1972). This paper 
revi ews the natural hi sto ry of th e bay 
callop. Argopeclell irradaialls Lam

arck , and pre en ts a review of the 
Virgini a In titute of Marine Science 's 
(V IMS) contin uin g re ea rch on thi 
specie which began in 1968. 

The bay ca ll op has evera l char
acteri tic well uited for mariculture . 
It is fa t gr wing. ea y to condition 
a nd pawn. and i relativel y hardy 
througho ut a ll life hi tory tage. 

10 t important . it ha a good market 
demand and command high price . 
M an perie a re biologi a ll y amen
ab le to mariculture. but e<!o nomic 
dictat e the u e of gourmet species 
which command hi gh price to defray 
hi gh co t of cu lture. 

Onl addu t r mu cles f scall o ps 
are utili zed . Yield var . but approxi
mately 1-1' -I bu of call op produ e 
I gal (9 Ib) of add uct r mu I . The 
price f huded call p ro e to 3 
per gal (for addu tor mu cI ) in 1973. 

r er 4 .20 per Ib , ertainly qu alify-
ing ca ll ops as a gourmet food . 

t ili za ti on of hell and \ i e ra 
wou ld not -ignificantly h ange th e 
pri t: or the demand . mechanical 

Bay ec.llopi (Argop<lcten irradlans). top photo . grew 'rom 16 to 57 mm .n I I.. pen I" 
A ... teague Channel Irom 9 July to 24 November 1970 Shucked lo •• r photo 2H of the •• "". lIopt 
yielded approximately 1 qt adductor mUlcle . 
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Scallop. ahowlng de •• loplng goned 

hucklng and e\1 cerallng machine 
de\ell)ped for the cal ico ~callnp fi\hen 
along the ~outhea~t coa t 01 the nlled 

tate could be u. ed on ba~ 'l.all,)p\ 
(Webb and homa~, 1'17 I) Thl~ 

~ould markedl~ reduce manpl)VVer 

and cost problems as oClated ~lIh hand 
shucking. 

Ba} ,>callop~ retain the abilll) t I 
~WI m at all ~Ize~, making It nece!>'>an 
to confine them In ultahle enclo ure\ 
Although thl~ neCeSSIl} Increa,e e:\
pense. It IS parllall) compen ated h~ 

redUCing the co~t of hane'ling e\
penses. 

NATURAL HISTORY 

The natural hl~tor) f the ~pecle., 

ha~ been de cnbed b) Belding (1910)' 
Wells (19'27). Gut ell (1930)' Loo
anoff and Davi (1963>. Sa try (1965). 
and Ca'>tagna and Duggan (197 II 
Ba) callop In the nlllJ-Atlantlc area 
~pawn from mld-Aprtl through early 
September (Chan Ie) and Andrews. 
1971) Spawning in e~ f:.ngland 
occurs when water temperatures reach 
22-26 C <Belding. 1910) Although 
the scallops are hermaphroditic. self
fertIlizatIOn IS uncommon In nature 
(Belding. 1910; Gutsell, 1930). The, 

u,>uall) reka e 'perm IIr t Il)lIll\\ed 
h\ egg' rLno .1 Ill) I I .lI1d Ddll' , IlIh'\). 
Ilhl'h enl.l)Uragl.' Lfll,,-il.nililatll)n . 

f-ertlhled egg' dell:1l)p Intl' tr,lIght
hinge \e1lger, in .1 1\:\1 hl)ur" and the 
Ian ae arc planktl)nlC I,)r ahllut .-
day,> onger lanai pallId, are Cl)m
mon v. hen en\ I fl)nment ,II cl)ndll il)n, 

arc Ie'>' than optimum he Il1tal 
length 01 the ,>tralght-hlnge tage 
rangeh from 5 /-l minimum II) 140 
/-l ma\lmUI11 (e han Ie) and ndn!\I . 
1971 ) 

Juvenile auach h) h)"al thread, 
to eelgrass or other eplhenthlc ,>up
port. The} u,>uall) l11alntJln Juach
ment untIl 20- '\0 111m ,lie 1\ rca hed , 
after \I hlch most ,>callop'> drop to the 
boltom. lurine plants or other uit
able cover I qUite Important to ,>cal
lop mall allop,> (under 10 mm) 
do not survi ve lIell \I hen expo ed 
to silt B) auachlng to the leave or 
stem of submerged planh . the} gro~ 
large enough to sun I \ e the more 
ngorou e>'l~tence and greater e\po
sure to ilt on the bottom . Further, 
gras bed reduce curr nt velocltie . 
Work b, Kirby- mlth (1972) indi
cates that callop grow faster in 10\\ 
current. l aximum gro~ th rates 
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were achieved In I 'i cm/~ee. and a 
now volume 111 4 hler,/hr/,callop 

the ,Io~e'l l.urrenl Iclocille' le'll:d 
~L,III(lp, apparenll) retain Ihelr ahilllj 

10 lorlll h}"al ililachmeni Ihroughoul 
Ihelr Ille,. hUI an: 'eldom l(lund al
lached IIhen lull) gro~n. rhe) ilre 
acille "limmer, <II illl 'lie, anu ap
pilrl.T1II) u'>C lhi, ahtlll) III .IIUIU preu 

alllr, ,uch .1' 'larlI,h .lnd crilh, [)dl I' 
and \lar,h.i11 rllJhl). luu~lng Ihl. 
IIller feeding III h.1\ ,c.!II"p". Illunu 
iln .Ihundam:e !II henlhle anu I) ch
pel.ll!lC dlaillm In Ihe '1lIlllach . r he) 
ctln'ldereu I hI'> .In I ndl alltln I hill 
much til Ihe (lind I nHcrlltlnra. 

dclrltu" h.lclen..t • ..tnt.! orgilnlc nl.llter 
thai" CI)(lll1ll'n In the I\iller InlmeUI
,llel~ adlacenl III the notton! 

r hc ha\ ealillp ha, a relaillcl~ 

high PUfl1PIIl' rate. pf(lhilhl~ clIrre-
1,lIcJ \I Ilh II'> r.lpld rale 01 I!fl,\qh 
1 he i,\1 crilge r.lle IIIr mall callI p . 
'\ - 111111 In lenglh. Ila ~ 26 Ilia' 
hr I he larger c..tllop. h -0 - mm 
In lenglh. aleraged I .72 Iller /hr. 
1IIIh a mol lr11um rale \)1 2~. Iller' 
hr I hlpman anJ H"pktn . Il)q) 

The il\ef.l!!e IIle pan" ahl)ut 12-lh 
nw \11th .1 fell ,nJllldual uniling 
tll I 1111' and rareh e\ en Ill' n1\1 
r Belding. ILJ Ill) The ealll)p. 1\ plcal 

III anllll..tl \\lIh hort IIle c~ck. 

e hlhll great t1Ul:iU.llI)n 10 ilhun

U.lnl.L 

MATERIALS AND METHODS 

fhL pnl.LUUrl.'> ueJ h\ \1\1 
,cll.nl!'>t I)r l.OndllIl)ntng anJ ,p.l\\n

Ing Lallop' .lnd handltng lar\ ae \\ ere 
Imti.lr l\) Ihl)\e u cd hI LOl),anl)fI 

.lnd Dall' (IYo'\) ":1to 10., o!\pu\\ner 
1\ ere cl)lIe led Irom Ihe eu IU\. l)1 
c a,tern hore and Irom '-orth aro
hna callop, Ilere grOI\n In pen, and 
tloal hutil of pl<1l>tl \ reen Iretched 
oler \Iooden Irame~ \I ea urement 
of ~callop I\ere Irom hinge to hp 

'eallaler u eu 10 the laboralOr) 
~a pumped Irom an adJacenl creek 
h) ca~t-Iron pump II plpe~ and 
container ' \Iere pla~llc or gla The 
sea~aler u cd for Ian ae and carl) 
Juvemle, ~a~ Ian lied b) centri fuga
II)n In a harple I c1arilier. Type 
14. or a We\tfalla , eparator. louel 
KDD 605. he average salinit) for 

1 Reference to trade names does nOI impl) 
endor ement of commerCial producl by the 

allonal Manne Fi hene ervlce. OAA 



the experi mental area was 29.5 0/00 

with seasonal tempe ratures ranging 
from 3 to 28 °e. 

CONDITIONING 
FOR SPAWNING 

The sca ll ops were conditi oned by 
pl acin g th em in aerated sta ndin g sea
water a t temperatures of from IS to 
22 °C for 3-6 wk dependi ng on food, 
tempera tures, and the initial gonadal 
conditi o n of th e sca ll o p (Castagna 
a nd Duggan , 197 1). T he conditi on in g 
wa usua ll y done on sca ll ops taken 
from am bi ent -temperatu re eawate r . 
which dropped as low a 3°C in 
winte r . While held in standin g water. 
the sca ll ops were fed mixed a lgal 
cu ltures. The maturation of th e gonads 
cou ld be seen by ho ldin g the valves 
sli ghtl y open. The gonad is a tri
angu lar bu lbi sh organ lying a lo ng-

ide th e adducto r muscle . When rip e, 
it is u ua ll y a red-orange color (often 
covered by a black e pithelium). The 
testi s comprise th e white ant eri o r 
borde r of the gonad (Castagna and 
Duggan , 197 1). 

SPAWNING 

Spawning was accom pli shed by 
pl acing o ne or two ad ult call ops in 
a I-liter Pyrex conta in er Ailed with 
Altered eawater. A number of these 
containers were placed in a water 
table . By flood ing the water table 
with hot or cold water, the scall ops 
were ubjected to temperature change 
suffi cient to induce spawning. Tem
perature of 24-26 ° induced maxi 
mum pumping acti vity. T e mperatures 
were u ually ra ised to 30°C for a 
few minute and then dropped back 

Scallop In foreground (left) Is spawning . 
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to 24 ° . Spawning usuall y took p lace 
at 2S-26°e. 

A perm u pen 
or spawned) wa 
ti mulate call ops 

chemical timulant 

ion (either tripped 
added to further 

to pawn . Variou 
have been te ted 

with littl e or no succes . Both sex 
products are often re leased by th e 
ame scall op but usuall y not simul 

ta neously. 
After spawning the callop wa 

rem ved from the dish a nd the egg 
su pension wa poured through a 
screen , to remove dirt and fecal ma
terial ejected by the spawner , into a 
cali brated contai ner of A It ered sea
water . Eggs were counted by tirring 
the conten ts of the contain er and ub 
sampli ng everal I-ml ample. An 
estimate of th e number of eggs was 
made by averagi ng the count and 
mUltipl ying by the to ta l volume . 

FERTILIZATION 

Ferti li za tion was initiated by add
in g approximatel y 6 ml of perm u 
pension per li ter of egg sus pen ion . 
Fertilization wa nearl y 100 percent 
successful even when sperm and eggs 
from the same individual were used. 
The addition of too much sperm 
suspension can cause larval deform
ities, probabl y du e to polyspermy . 

DEVELOPMENT 

Survival and development were 
usuall y enha nced by holding develop
ing eggs above 20 °e. Optimum tem
perature for deve lopm ent appeared to 
be 26-2S °e. A minimum alinity of 
22 .5 0/00 was necessary for develop
ment to tra ight-hinge stage. At near
optimum temperature in 2S-30 % 0 sa
linity, the blastula stage was reached 
in a bout 4 hr . trochophore stage in 
8- 12 hr , a nd straight -hinge tage in 
16-24 hr . The embryonic tages pre
ceding th e stra ight -hinge tage were 
most vulnerable to env ironmental 
condi tions. but with proper mainte
nance approxi mately 60 percent ur
vi \ a l ca n be expected. Lan ae frol11 
se lf-fertilized eggs usually appeared 
normal in the F I generation ub
sequent generations often had Ian al 
deformitlcs and poor urvl\ al 

The larvae were grown III 60-llter 
plastic container. Three time a ~ce(,. 
the ~ater ~a \iphoned from the c 
containers through a fine n) Ion ... creen 



to retain lar ae. T he e were concen
trated in cal i brated eont ai n r. of fi 1-
tered eawater, ub ampled, and ount
ed by the ame procedure previousl 
de cribed. Mea urement of a small 
sample were ta"-en u ing an ocular 
micrometer, and the g neral condition 
of the larvac wa a certained. Th 
larvae "ere then redistri butcd to 
container of lean filtered eawater 
containing food and, if nece~~ary, 

antibi tic. 

LARVAL DENSITY AND 
LARVAL ENVIRONMENT 

arval den It), although not critical. 
inAuen ed the ucce of a gr up of 
larvae . Since labor and pace werc 
often in hort upply. it wa tempting 
to rowd as many lar ae into a fev. 
container as po ible . Thl practice 
increa~ed the number of failure, per
hap b increa ing chance of l.h ea e 
tran mi Ion or becau e of ompctltl n 
for food or pace . To avoid the e 
problem, culture were tartcd at 
maximum den itle of 40 egg per ml. 
A the lanae grew, their den Itle 
were reduced with each water change 
until den itie of 5 per ml were reached 
when larvae were ready to et. 

Aeration wa not nece ary for ur
vival at the den itie tated abo e. 
Gentle aeration enhanced growth rate 
and urvival of late larval tage~ but 
made little or no difference in mall 
or earl larvae . Since cal lop larvae 
et at a relatively mall ize, aeration 

wa not u ed routi nely. 

FOOD 

Several unicellular culture of ma
rine flagellate or diatom were tried 
as larval food with varying degree 
of ucce . In all trial, mixture of 
two or more specie worked better 
than one pecie . No artificia l food 
mixture wa found that gave com
parable re ult . 

Some succe ful specie u ed were 
MOllochrysi.1 /lIlheri, /sochrysis Ra/

halla, PhaeodaclY/lIIl/ tricorlllllllll/, 

DlIlIlI/iel/{/ lertio/ecl{/, and Nalloch

loris lIcli/ala. Even though food was 
added, the water wa changed periodi
call to cleanse culture of metabolic 
wa te and dead larvae. 

When rai ing large number of 
sca ll ops (or any other cultured fi lter 
feeder), the logistic of growi ng u f-

l 
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In top photo , a technician w8Ihe. acallop 
larvae into container tor counting and mea
suring . A technician grades scallop larvae 
in the lower photo . 

ficie nt uni cellul ar a lgae become a 
e rious pro bl em . An excell ent me th od 

of growing qu antiti e of food i th e 
solariu m metho d , often referred to 
a th e Gl ancy meth od . (J oseph Gl a ncy, 

ayvill e, N .Y . was th e bi o logi t re
pon ibl e fo r introducing thi me th od .) 

T his meth od con ists o f cl a rifyin g 
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and ho lding \cawatcr In acra ted vat .. 
III sunlight In a .. larlUm or grcen
h usc. The .. t red water develop,> a 
blo m of dlatom\ and nagc ll ate~ which 
can be u .. ed a~ fo d. 

hc grecnhou .. c mcth d was u\cd 
~uccc .. sfully at J M·. 'eawatcr was 
run through an A<:)-14 harplcs clari
fier, which "pln., thc water at 15,000 
rpm In an X-In dlamcter tube exerting 
13,200 ~ sscnllally a c1anncr 
scparate\ heavlcr particles b} centn
fugal force In\tead 01 gravlt} The 
clanried \eav"ater was then \t red In 
4 H 4-ft f1bcrgla sed pl}wo d 
tan"- .. In a \ larlUm and v.a., c ntlnu-

u.,l) gentl) aerated he clantied 
ea ater retains <,mall dlat ms, flag

ellate,>, and prolOLoan . HeaVier and 
larger form,>, In ludlng 100piankters 
and diatoms \\ IIh den e r hea\} te t , 
are left on the wall of the clan fier 
tube When tored in a larium, the 
water temperature In the large aerated 
ran"- nse.,. and the mall tliatom 
and na"-ed flagellate repr du e in a 
hlo m that e\l:ntuall} c lor the 
v"ater. eawater treated In thl manner 
wa referred t a cultured v.ater and 
v.a ued as a medIUm In which to 
gr v" lanae and earl} Ju\enile tage . 

o addlll nal [0 d v.a reqUired. The 
cultured water v"a normall) held 24 
hr before u e Thl v. uffi lent 
lime for a bl m t oc ur. If t red 
v"ater v"as not u ed in of hr, It \\ 

U uall} dl carded, Ince nev" cultured 
water re ulted In f ter grov. th and 
better ur"l\ al of the lanae. ertiliza
tion or in cula ti n wa not nece ar} 
t attain den e bloom of u eful 
f d organi m . 

Mixed v.ild a lgal culture that grov. 
in th i } tem (Glancy method) were 
better foo than any combination f 
unicel lu lar algae te ted. Growth and 
u rvi al were u ua ll y bett er th an In 

larvae fed un icellul ar culture. 

LARVAL DISEASES, 
PREDATORS, 
AND COMPETITORS 

Oi ea e. preda tor. a nd co mpeti 
to r w re contro ll ed by maint a inin g 
cl ean cond iti o ns. 0 ph y ica!. chemi-
ca l, o r pro ph ylax i treatment wa 
used routinely ex cept when wate r 
tempera ture were over 28°C. The n . 
wa te r wa subj ected to ultrav io let 



li ght trea tm e nt. This treatm e nt is re
viewed by Loosa no ff a nd Davi , 
( 1963) . 

The mo t commo n di sease pro b
le m wa bacill a ry necro i . Thi s was 
treated w ith tre pt o mycin (50 mg pe r 
lite r) o r w ith a wide pectrum a nti 
bi o ti c suc h a c hl o ro mycetin r po ly
cillin . a re wa ta ke n in e tim a tin g 
do age i nce a nti bi ti c o ft e n cau ed 
the la rva to to p f edin g for evera l 
d a ,and ve rd o es a u ed morta l
iti e 

Arthr p d 
la r a l culture 

ofte n a ppea red in th e 
. The e were contro ll ed 

with tetrae th y l p roph ph a te . Four 
dro p in 60 liter of culture wo uld 
u u a ll y kill a ll arthropod in Ie th an 
a n hou r. O bvio u Iy thi i a p ten t 
ch e mical a nd f1 0 ul d n t be u ed in 
di scrimina te l . Arthro pod we re al 0 
re moved b creen ing. Thi meth od 
wa preferred over hemi a l con trol. 

Protozoa n often appea red a a 
ympto lll of bacteria l cont amina t ion . 

The were L nt roll ed by red ucing th e 
num ber f bacteria wi th a n a nt ibi o tic . 

, a h\ a) , labor a nd space \, ere 
n id ered a in a commerciall)-

orien ted cul ture pra tice . Therefore, 
it ~\ a u~u a ll ~ more e '\ pedi nt to 
d i ard p or r i J... c ult ure a nd tart 
0\ er ra ther than attempting trea tment. 

SETTING 

etting teo J... pl ace tn 5- d a~~, 

depending on fl )IL tempe ra ture, a nd 
probabh l ther en\ iro nment a l a nd 

geneti c fac tor . T he m o bvi u 
indi cati o n of pat tage wa a tt ach 
me nt by by a l th read to th e cul ture 
conta in e r . The ea rl y juvenile h ave 
a well -de eloped foot ith a heel 
like b s a l gla nd . T he shell mea ure 
175 -200 J1 at metamo rp ho i ' (C ha n
ley a nd A ndrew , 197 1). Thi ~ period, 
whe n the ca ll op we re undergotng 
meta m rph o i , wa probably th e mo~ t 

crit ical. a nd fte n heavy m r t a liti e~ 

o curred . 
Through early m e ta mo rph i o r 

e ttin g , the call p "' e re J... ept In 
clari fi ed wa te r or in 10",l y fl o '" tn g 
raw eawa ter . t thi II m \ e rt i a l 
u rface f r a tt achm e nt we re pre
e n ted to the etting ca ll o p . Th e e 

were panel o f ood , m~ lar , o r fi ber-
gla tha t the juve ni le fa te ned t b) 
th e ir b u . Ju ve n il e a ppa re ntl y pre-

Scallops In grow ing conla,n.r 

ferre d \ cr ll eal urf.Jcl.! anu 111<' t 
"' e re:: I u nd clinging tl' Ihl.! lUI.! lIt Ih~ 

contain e r r the pand, -\ 11'1'U re
qUlre::menh Inaea I.!U , 1111\\ tng ra\\ 
ea~\ at e:: r \\ a, I ntr )UUI:I.!U \ I.! I ('I.: n 

o f ull a bl e 'lie \\3' pl ac~'u ,tt Ihe 
o \l.:rtl o \\ to re ta tn \call')r' that \\erl.! 

ucJ... ed Int ) t he "erll,\\ rlpl.! while 
\ Immin g . J U\ l.!n il e::, "'I.!rl.! hdu III 

thi s m a nn e r unlil th e \ reached 10-11 
mm ~1 7e, la rge enough to ,1.1\ In 1 I · 

in pi a II ~c ree n 

he n th e Ju \e nil e ,callop' "crt' 
mo \ ed tn to th e 11c lu. Ihl.!\ reqUiTed 
confineme nt to pre\enl Ihl.!T11 Inlfll 
wimmln g a\\ ay . \ anel\ 01 encl,, 
ure~ we re u,ed . Fi lla h anchl1red ,II 

the surface had 'I.!\ ere fou ling prnh-
le m "hl c h reJuced th e Illl\> .. III \\,lla . 
Addi lI o na l pro bl em or boa t \\ aJ...e, 
a nd \ a~e act io n . v .. a \hl ng thl.! "alll'r' 
a bc ut In th e nOa h a nd ) Iten caU'tng 
a co nce ntrati o n tn a corner \\ Ith 'llllll 
10 s Ju e to s ill o th e n ng. "ere ,iI", 
encount e reJ I-I oab p lal:l.!J lIn th l.! 
b u o m haJ fewer pft)blem, but th~' 

ca ll o p, Jldm t gnm well 
The mo~ t ~uCCe"f u l gfln\ I h ,If1U 

ur\J\ a l was In pen con,truet l.!J II I 
po le pl aced Into the:: bllllHll \\ tth 1 2 -

In mes h pi a ti C creen tal..J...I.!J al !lund 
th e ( ut"de 01 the poil! lhl' pl.! n 
\\ e re 10 ft 'q uare anJ 7 It hi gh T h l.! \ 
"' ere con ~t ru cteJ In ,halilm uhllu .i1 
a rea 

Ba~ ,ca ll o p, gftw. n In pl.!n, \h'rl.! 
brought to marJ...et ,III.! In - -7 Ill' 

F urth er . the adduct)r mu,cll..' \\ ," 
o n. lde::rabl) larger than In , c <JII I'p 

gro\\ n 111 float' Thl~ m a \ hI..' J ue tu 

J uvenile scallops lagged and r. ady 10 be r.I .... d 



the oppo rtunit y f ca ll p In pen 
to make ve rtica l wimming excur in . 
The size f th e adductor muscl e IS 
import ant in ce it is th e onl y pa rt o f 
the call op whi ch i o ld . 

A eri e f te t we re compl eted to 
a e th e be t depth t grow . cal lop . 
Li ttl e d iffe rence wa fo und be twee n 
de pth if foul ing. ilt ing. and wa hin g 
could be contro ll ed. Expe riment s were 
a l 0 run to fi nd th e maxim u m opti 
mum num be r of ca ll ops per unit 
a rea th a t ca n s urvive and grow. Op
timum growt h a nd un ival ere fo und 
a t 25 per sq ft of bottom a rea . H ow
ever. the data u ggest that 60-65 
ca ll op per q ft would be opti ma l 

ec nomica ll y. e en th ugh gr wth 
ra tes were Ie than opti m um (Dug
gan. 1973), 

PREDATORS 

Although m thering i defini te ly 
th main cause of dea th . th ere are 
ome enou predator . The rough 

oy ter drill E"plellra. ta r fi h , crab 
(e peciall y the blue crab. Cal/i/leCle~ 

sapid",) and vanou fi h pecie are 
known predator of lh i pecie. 0 

predator control meth d were u ed 
in these experiments. but th ey shoul d 
be considered In an) commercia l 
venture. 
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Crustacean Aquaculture in Middle America 

HAROLD H. WEBBER 

INTRODUCTION 

Th is paper is desig ned to in fo rm 
the reader regardi ng th e techni ca l 
and economic feas ibi lit y of e ta bli sh 
ing a profitable aq uaculture ve nture 
in certain pecific locati ons o n th e 
west coast of Cent ral A merica. 

T he recom menda ti o ns made he re 
arc pred icated on the fo ll owin g ba ic 
premises: 

I ) T he cont in u ing paucity of 
hi gh-va lue crustacean aqu afoods 

in the ex pandin g world marke t 
dem and th at new ource of up
pl y be deve loped . 

::!) An aqu acultura l productio n 
techn olo gy is maturin g which wil l 
enabl e us to ge ne rate large volume 
of shrimp at fa vo rabl e cost. 

3 ) The ri ks a nd rewards of a 
verti ca ll y integra ted aquafood en 
te rpri e have been eva lu ated . and 
th e bu ine s projecti o n revea l an 
adv antageous re tu rn o n investm ent. 
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MARKETS 

The re e i a m arket fo r high-
a lue cru ta cean aquaf d . includ

in g ma rin e and fre "hwater hrimp . 
lo b te r . and crab. which is now un
sati fied and i like l to rema in 
suppl y-constrained fo r the remainder 
of th e century. Thi i a consequence 
in pa rt of a n increa ing affluence in 
the highl y developed industrial 0-

cietie in the north te mpera le lati
tudes . T hi s elevated economic sta tus 


