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Agquaculture.

Husbandry of aquatic animals can contribute
increasingly to supplies of high-grade protein food.

Optimistic forccasters of the world
food supply in the year 2000 predict
thut serious regionnl food shorliges will
exinl; pessimists warn of widespresd
famine as populations in THANY counirics
increase more rapidly than ngriculiural
presduction, The one bright spat in Lhis
otherwise gloomy picture is the rate of
growth af B percent per year of the
world fish harvest during the last do-
endo (I). The anmel hurvest now
amounts (53 million metric tons (2}
and ie expected fo increase for some
time 1o come, though cstimates of the
possible total sustained yield difler
" widely, ranging from 120 to 2000
millien metric tons. All are based on
extrapolations from scanty data on
primary productivity throughout  the
world's seas and on incomplete knowl-
edpe of the food relations of many
harvested organisms,

Agquatie harvests supply almost noth-
ing but proteing, since the bulk of
aquatle plants are plankton ulgae that
ire uneconomical to harveat {4) and
hold no promise for furnishing ¢arba-
hydrate staples, A breakdown of the
total yield from aguatic coasystems into
magine, fresh, and brackish water moie-
ties shows that the vields from fresh
and brackish water make up about 14
pereent of the tonnage (2). Much of
man's fishing has been in estuarics and
baye of the sea, and in ponds, lakes,
reservoirs, and streams, where ke hos
long practiced aquaculture (5).

Aquaculiure  Tesemblos agriculiups
rather than fisheries in that it does not
rely on & common Properly resource
but presumes ownership or leased righis
to such bases of production as ponds
or porlions of, or sites in, bays or
other large bodies of water, Products of
aguacullure must compete guceessiully
with those of fisherics and of oninual

The nutkar Iy professcs |m che Belsa] of Matie
ml Kessurces afl iho Umdversity of Michigan,
A Arbor.
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hisshandry; in Westorn Tood LLONoY,
wquaculture products such oy trout, =
ters, and shrimp bring pood retums
becawse thay full in the luxury cliss,
whereas in developing countrics virious
kinds of raised fsh command o high
price (6), since andmal proten, includ-
ing that derived from marine Ciluhaes, i
generilly searce, Although  subsidised
sl home or village ponds may be

justified  in  cortain underdeveloped
arcas to help alleviate malnutrition,
HEMART L] wher it iz practiced,
id oxamincd primarily as g
arcial enterprise that must come

pete with other protein supplies to be

5l ul,

The organisms dow belng raised in
aquaculture comprise several bivalve
mollusks (mainly oysters of the EEnera
Osirea pnd Crasronirea), a few croge
aeeans | predofunantly shoimp, 0 pars
ticular Penens {a:u-_q:rr:iam- » and & limited
numper of fish Species (8], Among the
fish species, the carp, Cyprinus carpio,
and selected other members of the SaTne

family, Cyprinidac {minnows), arc the
most important. Trout and salmon are
also imporiant in aquaculiure, espacially
the rainbow trout, Safme goirdueri, as

are the Southeast Asian milkfish (Chanos
ghanos), and mullets, especially Mugid
cephalus, and wei i . To
gueradiata), in Japan. Also notewarthy
afe the ch | catfish industry (feraly-

TiE_pricialies) in the southern United

States and the wse of Tilapla as d-

i i frick (6}, Most of
these species are adjusted 1o life in fresh
or brockish water, but the culluring of
some marine fishes is being attempted,
notably in Geeat Britain with Pl
(Plenrenectes platessa) and sole (Sofea
sodea) {7) and with pelagic thirh scax)
schooling species In Jopan amd  the
United States, among them the Pacilic
surding and mackered (hardinops coe-
ruld, Prewatophorus diegc) (8} and
the pompano (Frechinons carodinggy

(#). Some attached algme are also pro-
duced under semi-cultivation, both in
temperate and tropical waters and cer-
tain phytoplankton species arc cultured
a8 food for oyster and shrimp larvae.

represent a special erap and are
of minor or Indircct nutritive value;
they are omitted from this article, in
which the potential of aguaculiure for
eupplying high-quality protein is ase
sessed,

Aquaculture furnishes the world with
over 2 million metric tons, main :
Muainland China alone reporis  andal
production of 1.5 million metric tons
of like fishes (Fig. 1)
(), Two million metrie fons Feprcacnt
nearly 4 percent of the total world
valch and for excced the United Stales,
foosd fish  harvess, although they are
prodduced from a fraction of 1 percent
of the worlds waters,

Aquaculture ranpes in intensity from
simple weeding of naturnl stands of
algae to complete husbandey of domes.
ticaled fish like trout or ecarp, It is
somnetimes oiflic pslinaugiah d
glve managemcnt from culture, The
term, as wsed here, comprises practices
that subject organisms to at least v,
and usually more than one, manipyls.
dign. before harvest. In addition, as in
agriculiure, the harvest In aguaculture
takes maost, if not all, tha Crpanisms
tended. Most often only one species fs
raised, although a few to several come
patible species may be cultured simul-
taneously.

, To ba productive for husbandry,
aquatic animals should have the follow-
ing characteristics. () They should re-
roduce in livity or semi-confine-
for example, trout) {6 make selec.
tive breadi asible or yield easily to
manipulations that result in the prodos
tion of thelr offspring (for exam iz,
carp). Failing case of breeding, ﬂ!.:ﬁ:
larvae or young should be easily avails
able for gathering (for exampla, oyvstars),
(if) Thelr eggs or larvae or both should
be fairly hardy and capable of being
hatehed or rearcd under controlled cone
ditions. {iii) The larvae or young should
have food habits that can be satisfed
by operations to Increase their natucal
foods, or they should be able to take
ceds from their caely stoges,
(iv) They should gain weight fast and
nourish themselves enlirely or in part
from abundantly available fopd thar
= H or that can be
readily produced or incrensed in the
arca where the cultured species lives,

Few aquatic organisms have all these

attributes, and substantial expansion of




the aquacultoral crop deépends inopart
on how biological and engincering skills
con make the mussing characieristics
less eruecinl; other constcaints are coo-
nomie, I diseuss bere several operations
and problems commen to the raising of
aquatic organisms (M0}, and 1 atiempt
to appraise realistically the poteptial
of aquaculture on a world seals,

Selective Breeding of Aquatic Stock

Even before Yacob tended Laban's
flocks, livestock had been subjected by
man to selection for one or anoiher
desienble abtribute, and breeding of do=
mestie birds ond animols has produced
aspoctacular pedulis, The st treatise
on fish culture was wrilten in China
by Fan Li in 475 BC,. (11, byt there
are still only two aquatic animals over
which genctic control has been exer-
cised, These ire carp and several species
of trowl; trout has a shorter and less
varicd Bistory of breeding than earp.
Mo true breeding progrums exist with
imvertebrates, though ovster cullure is
pdvancing so rapidly that experiments
in oysler genelics are likely to begin
£00m,

The breeding of acquatie  animals,
compared with terresirinl nnimals, has
peculiar problems, Spawning habits of-
ten make the isolation of pairs difficult;
isclation of numerous offspring requiras
many replicate ponds [(aguariums are
too unlike nature); and there & rarely
more than ona mating a yoear. Moreover,
the envirenment has an overriding in-
fluence on the prowth of poikilotherm-
ous animals; consequently, many differ-
ent=3ized animals of the same age are
found together, Many aquatic animals
require special environmental or social
conditions for mating and reproduction,
which are not easily duplicated under
human control. Manipulations of water
lemperature or flow have inggered
spawning; bowever, the development
during the last two decades of the prac-
tice of hypophyzation, or treatment with
pituitary hormone (12}, to make soma
fishes spawn helps: alleviste contraints
on breeding for some species. This
praciice has inmflucnced fish culiure all
over the world, from catfish growers
in the southern United States and
sturgeon breeders in the Ukraine, o
the fishpond cooperatives of mainland

Ching, where it is of paramount Impor-
lance in making common camp produce

lfes g in fneil-

gRes three fimes o year and in facil-
ftating the ngution of its rimid
pond mates whose eggs were dn;Em:’ It

i

Fig. 1. Fishpomds in Kwan Tung Provinee,
China (F, Anderegp, photo).

to colleet in rivers before the process
of hypopbyeation wis developed, Use
of pituitary material may also produce
advances with the beeeding of two
species of fish important in_brackish
water culture—the milkfish and the geay
mullet. Agquatic animals have one ad-

vantoge over terresdrial animals from

the brecder’s point of view=—a pair
have large numbers of offspring, which
permit mass selection.

Carp are readily adapiable to sclec-
tive brecding because their eprs are
large for fish epggs; they are not too
delicate; and they are easily secured.
Carp have been bred for fast growth,
4 body shape with more flesh than is
found on the wild type, reduction of
scale cover for greater ease in preparing
the fish for the table, resistance o
dizease, and resistance to crowding and
to low temperature (I3}, With suoch
breeding practices as progeny testing
(selection of parents according to the
performance of their oflspring) and dial-
lelef analysiz (a systemn of mating that
determines separately the genctypes of
cach parent) (I4), further improve-
ments on  already  well-domesticated
strains may be expected. It is nocessary
to prevent reversions (o the wild twpe.
That these can occur rapidly is illus-
trated by the fate of carp Introduced to
America, After being brooght to the
Mew World in 1877 (I15), carp was
allowed to escape into Jakes and rivers
where indiscriminate mixtures of it
prodifle steck resulted in bony and
scaly fish which soon became a nui-
sance in waters wsed for game fishing,
There was no incentive for carp culiure
in the United Stades, where protein wos
abundant from land livestock, Howevear,

s carp has become a prized angling
trophy in Western Europe, and becauss
of the rapid euwtrophication of Ameri-
can lakes and rivers (a process which
favors carp) and the predicted narrow-
ing of the gap, even in Americs, be-
tween the supply of terrestrial protein
and the demand, It is not farfetched to
think that carp may be cultured in the
United States,

Trout, at least in America, were until
recently roised mostly for stream siock-
ing; consequently, discase realstance
was the main concern in hatcherbes
not equipped for experiments in fish
penetics, I.’:mmnmlnuliﬂ of what may

fele ut’ ol has ©

f aourcest the Danish
'-uh-lLll:w.l_Lmslu_trr (10} and the cxs

perimental trout and salmon breoding
Bpropram of the University of Washing-

ton in Sealtle (£7), whera specinlly Ted
rninhow trout stock, continuously graded
by selection during 30 years, prows o
at much a8 3 kilograms in 1% months
while a wild rainbow trout in o lake
at that age rarcly weighs 200 grams
(Fig. 2) (f8); these fish tolerate higher
temperatures than thelr wild gongeners.

Tl salmon opps are Inrper

than those of the carp; thoy develop

slowly and are hardy, combining severs
al ndvontageows properiies, Salmon per-
mit the establishment of hateheries on
sultable streams becanse they return to
spawn to the stream with the odor of
which they were imprinted as fry. In
such haicheries inadvertent sefection
from the spawning run of tha largest—
fastest growing—brood fish has pro-
duced strains that returned to the hatch-
ery 1 year earller than the offspring
of their wild congeners. Salmonid fishes
can be selected for higher fecundity,
larger epg size, and better survival and
faster growth of fry, and for exact
timing of their return to the parent
stream (J9), These breeding potentials
should be wsed to increase the abun-
donce of salmon especially since im-
proved techniques mow  feasible in
United States salmon hatcheries could
produce about ten times o8 many young
fish a8 are now released (20),
Salmon-fishing regulations are still
based on propagntion potentlals In oot
ural streams and require that 50 pep-
cent of the run be allowed (o escape
the fishery. S8almon runs will increasinps
Iy depend on hotcherics that program
their fish to peturn (ot stripping and the
mising of a well-protected  progeny
whase tate of survival at the fime of
release is many Goes greater than that
attained in nature, whore musdimum fish
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Fig. 2 Wikl and miissselectod, halchery-fed rainbow trout, at the University of

Washinglon Schoal of Fislweries, Scatile. Fish
the result of over 30 years of sclective h
estimated from the dinmcier of the bucket

mortality takes place during the fiest
Few months of life, Thus, the salmon
harvest of cerlain river mouths may
almaoat be doubled in view of the fact
that hatchery-dependent muns neced only
a few fish to supply the noxt gencration,
Salmon are highly waluable fish [$65
million for the Uniicd Siates catch in
1865 (240], and it may be worhwhila
to press for regional revision of escope-
mont regulations and (o examine the
economle  requirements  and  conses
quencea of halchery impeovements,

Another advantage of breeding fishes
is the ease with which many of them
hybridize {22). At the University of
Washington at Seattle; male steelhead
that is, seagoing rainbow) trout were
crossed  with fast-growing  freshwater
rainbow females. The growth rate of
the offspring was Infermediate  be-
tween that of the parcnts, their shape
was more fusiform: than that of the
female, and they migrated to sea, They
had a voracious appetite and adopted
piarent steeams to which they returned
a3 2-vear-olds, weighing 2 o 3 kilo-
grams on the average and occasionally
as much sz 3 kilograms (23), They
would probably not breed trus in the
sccond generation, and they shouid
therefore be hatchery-praduced, but
they represent an interesting use of the
sea’s unused fish food.

Difficult 2z It may be to raise the
progeny of one palr of parents of carp
and trout, to do so with oysters is
still more complicated, Mass EPAWHINE
i5 wsually done on oyster beds, and
although the female of the penus Cras-
dgitrea, to which the American ovster
belongs, retning the epps inside her
shells until after ferillization, praernily
on the oyster bed is impodsible to ascer-

are I oveard old, ond the Tarpe one g
recding. Their rospoctive lenpths can be
bnse, which i3 2% cemtimeiers,

lin. Alithough theee are thousands of
egi for cach carp or teout, there can
be up to 103 million for each Female
oyster (24), This fact, however, has
aided in mass selection, Progressive
growers of Long Island oysters raise
the laevae in warmed water and use
cultured slgal food, They also give prop-
er altention to slirring and other monip-
ulations simuolating planktonic  eondi-
tions, The many eggs and improved
survivil of lree-floating larvae permit
i _filtgr screen to be ysed to select pgly
20 pepgent of the Jargest, masg papidly
rowing eary larvae. These larvie ex-
hibit good growth throughout life (6),
But to achleve true selective breeding,
growers of Long Island oysters now
plan 1o rear single ayster progeny: sinee
oyeleri rewverse thelir sex from male to
female halfwsy through their adult
lives, the possdbility of freezing sperm
from a functional male is being tested,
and it may be possible to use it to
fertilize the same ovster later when
il becomes 3 female (25),

The Raising of Aquatic Larvae

Many pguatic  animals go through

iarval stapes which do not resemble
their adylt phase; some larvae, Including

thosa of shrimp or owsters, and of
many fishes, are plunktonic and minute
and feed on the smallest orpanisms.
More thon with domestic birds or mame-
mals, nursing them through their carly
Iives poses difficult techuienl and nulr-
tional problems lo prowers, In Britih
experimients with  raising plajce and
sole larvae in caplivity, as muocl a5 66
percent survival through the stape of
metamorphosis has been accomplished.

Witravioled radiation of the water de-
creased the danger of bagterial infeg-
lion; tanks without corners minimized
encounters with solid obsincles: and
galinity, femperature, and pH were cone
trolled, The size of the first food offer-
ed was geared to the tiny mouthparts
of the larvae, but was increassd with
their capacily 1o take larger live food.
Nauplii of the barnacle (Balanus bala-
noides) were used at fiest; they were
roplaced by nauplii of the brine shrimgp
(Artemia) with subsequent admixtures
of smull oligochactes (Enchyirea)
when the wnall flshes had metamor-
phosed and were resting on the bodtam.
Finally, chopped mussels (Mytilus)
were uscd, Since plaice larvae, just be-
fore settling, consume 200 brine shrimp
nauplii per day, the production of sev
eral hundred thousand young plaice
poscd  serious  technlcal problems In
continuous food culture (7).

Obtaining  and correeily  supplying
fomd wag a significant part of the cx-
periments at the U8, Bureay of Fish-
erics at La Jolla, California, with Inrvae
of high seas schooling species such ns
Pacific sardines and mackerels, In these
expaerimonts very small food organiams
hod to be supplied at the precise time
of complete yolk absorption, and in
sullicient guantities to allow [arvie of
limited mobility to find food in all paris
of the aquarium. Because sardine larvas
search in only about 1 cubic centl-
meter of water per hour, at the onset
of feeding, but require a minimur of
four food organisms per hour to replace
energy lost in swimming and body func.
tions, the rearing of 2000 larvae in
1800000 cubic centimeters of waler
(500 gallons) meant replacing 7,200,-
000 food organisms removed by larval
predation each hour or approximately
£6,400,000 food organisms during a 12
hour day.

The large quantities of food organ-
Isms in varying sizes needed for these
expeciments were collected mostly at
might, A 1000-walt underwater lamp
conngcted to o submersible pump was
suspended several feet below the sur-
faca of the sen. Copepods were attract-
ed from a wide distance and concens
trated near the pump where they were
sucked up with water and transported
to the surface. Plankion-enriched water
was then passed through a serles of
filters, which further concentrated food
organisms, wnd the highly enriched
filtrate was piped to a 760 liter stornge
tank. Organisms with a cress-sectional
diameter of 0.028 millimeter and larger
were thereby collected.  Before being



fed 1o fish larvae, concentrated plankton
was graded by filters 1o remove organ-
s larger than 0.0 millimeter. The
portion containing large copepods, crab
larvae, chaetognaths, and the like was
fed to advanced fish fry and juveniles
(&, &) [cover phaotal,

Comparable techniques may help to
achieve survival, after forced spawning
in caplivity, of milkfish and mullet. In-
samch os these iwo dpecies of ecoe
nomic importance in Asla are now
raised from fry collected on the shores
{(Fig- 3) and as the fry are hecoming
scarce regionally, domestication of (he
two species, including munipulations
ensuring high survival of fry will be an
important advance for fish culfure,

Although fish larvae are recognizable
as fish even though they arc not like
the adults, inverichrates umidergo more
profound transformations from egg to
ndult, Ovsters spend their first ? wooks
before they “set™ as ciliated trocho-
phores and veliger larvac necding flagel-
fate algne for food. About 2000
calls of two or more specics, for in-
stance Trochrysis plbon, Monovhrysiv
Iuphverd, and Rhodomonas and N
ehlorie species, have to be available for
cach larvi per day, and Inrger specics
are required o replace the smaller
species as the larvae grow, Algae must
be cultured en masse when ayster larvae
are raised indoors, an innovation larpe-
ly developed at the US. Bureau of
Commercial Fisheries Biological Lab-
oratory at Milford, Connecticut (24),
and now expanded by progressive grow-
ers of Long Island oysters.

In_shrimp raising which i SuCCesss
tul o5 & commercial scals only In
Japan, there are problems with the
larval stages before the animals can he
fed chopped trashiish and shellfish, The
operation, initlated by M, Fujinaga in
1934, begins In the spring with the col-
leetion of “berried” (egg carrying) fe-
males ready o release the stored SPErs
matephores from their seminal recep-
tacles; raising the water temperatore
speeds this and subsequent procosses,
Afber jstinctly  different plank-
tonic stapes and 12 maolts in about as
inun].r days, the postlarvae bogin to
crawl on the bottom; they still have to
underge  some  transformations  and
another 20 molts before they became
adulis. The early part of the life cycle of
the cultured shrimp takes place indoors
in ceramic tle-lined wooden tanks and
in witer heaicd to belween 26° and
AC,  Distom—mainly  Skeletonsin
costafa—iand  Nagellate cultures pre
mintained for feeding tho carly lurvae,
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Fig. 3. Catching of milkflah fry on the const of Bast Tova (R. V. D. Sterling, phoro),

which are later given fincly chopped
mussel or elam flesh, When they have
resthed d fength of between 15 and 20
millimeters or a weight of about 10
milligrams, they are stocked in outside
pends with arrangements for, peration
and circulation (Fig, 4).

In October or November, the shrimp
though not fully grown, are ready for

markel. They are about 10 centimelers

long and weigh 20 grams having been
fed once daily, copverting 10 1o 2
kllogrnme food into 1 ki i

shrimp, Whea the water later coals
down to below 15°C, the animals no
longer feed, but many of them may be
retained without feeding for a Iater

more favorable market (6).
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The oldest shrimp-farming enterprise
is now located near Tikamatsy on
Shikokw, It covers nlmost 10 hectares
andd hos o staff of 30 men, incleding
some in  management rescarch. Ten
million shrimp were produced there in
1967, & quarter of which were raised 1o
adult size; the rest were sold for stock-
ing. The cost of production of cultured
shrimp is certainly higher than that in
any other aquaculiural enterprise, but
the wholesale price in Japan for tem-
puriesized shrimp of 6 to 10 centime
is berween 51 siloprranm,
and the supply does not meet the de-
mand. Shrimp farming of this type in a
eouniry whose material or lobor costs
are less favorable than those of Japan

Fig, 4, The I8 running-wiier ponds {91 by 9.1 melers) for aulluring adult shrimp ag
the Shrimp Farming Co., Takomstsi, Tnpan.



would not be possible (6), There nre,
however,  opportusities  Tor  grenter
mcchanization and for feeding inpovies
tions that will simplify the moad laborn-
ous pars of culiure operations  for
lutwvnl ag well as postiarval shrimp, The
use of the most improved shrimp-culs
turing  methods  with  fustgrowing
apecies may hodd some promise for a
number of regions In the world (27).

Mlaking Full Use of the Water

Aside from sclecting the best suiled
stralns, o practice not yet widely fol-
lowed in aquatic husbandry, aguacul-
ture should make use of the ealire

=

ot

walee column where possible and be
threo-dimensionnl, o8 .0t & i Ching
ancdl other Asbim countries, where com-
mon carp ix siocked with other species
of the mmnow family (Cyprinidac)

such a8 the grass gorp {Cresapiiaryns

gowdont_Tdellay, the silver carp (Hypo-
fiedricitlys imolitelz), and the bighoad

“carp {Ariwichifiys robdlix) (25). The

success of this mothod & based on the
dilferent food habits of the respective
specics; the carp s o bottomn feeder;
the prass carp and the silver carp feed
on plants {banans Jeaves, even) and
beanmenl or rice bran supplied to them
from outside the ponds; and the bigs
head carp uses the plankton surplus in
the well-fertilized water, Thus, the va-
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Fig. §. Secd-oysier prodoction mear Hiroshima, Japon, (Top) peneral wiew of aren’

Chollom ) detsil of above
weeks after selling (1,

(battom. right) close-up of oysters on scallop shell, several
H. Byther and puthor, phota),

rious water layers and all potential
food sources are used (29},

The culturc of oysters in Japan's
best ovster-growing district, Hiroshima
Bay, alvo is an illustration of the use
of the entire water column {6). Secd
aysters are collccted on scaliop shells
suspendded on wires from & bamboo
framework  driven into the bottom
(Fig. 5). Biologists from the prefec-
tural and municipal laboratories moni-
tor the plankton during the spawning
period and pdvise the growers on the
best time for spat collection, [t is not
uncommoen 0 collect several thoysand
sput por sealiop shell; sithough the aw
erage i aboul 200, The shells are re-
moved from the collecting frames after
I month when the surviving oysters
have reached a size of about 12 milli-
meters, They are then cleancd, culled,
and sestrung on heavier wires sepi-
rutedd by bamboo (and more recently
by plastic) spacers (Fig, 6). These wire
rens are suspanded from bamboo rafis,
buoyed by floats of various kinds, and
extend to o depth of 10 to 15 meters,
Floats are ndded as the oysters grow,
and before harvest reguire several times
the support they needed at the hegin-
ning of the grewing scason. Long lines
instend of rafts are an Innovation in
the method of suspension, but they are
still only o variant on the hanging-
culture technique, which uses the water
column efficiently and which protects
the oyster from its  hollom-living
predators, such as starfish and oyster
drills,

A typecal raft, about 20 by 25 meters
carries 600 rens and produces more
than 4 melric tons of shucked oysier
meat per year (Fig, 7). On a per-
hectare basis, this harvest amounts to 58
metric tons, if it % assumed that only
one-fourth of a certain arca of inten-
sive cultivation is covered by rafts, as
is the current practice, Such vields re-
sult from intensive care and high pri-
mary productivity in the water that is
dependent on tidal exchangs and fertile
Yerrestrial runoff, By comparison, the
average is 5 metric tons per hectare
of well-managed, leased oyster ground
in the United States and the peak
harvest of 300 metric tons per hectare

of mussels {Myilius edulis) also grown

with hanging culture in the bays of
Galicla_in_Spain. On  public ayster
grounds in the United Stafes, where
the mollusks are o minimally managed
COMMOn property resource, the wverage
per hectare is only 10 kilograms (0,001
mtric ton) or less (d),



Fertilizathou ond Feeding

Fortilization of bays, [ocds, oF en-
closures has led o iocrenses in phyto-
and zooplanktons, but favogable ecost-
benefit tatios for use with fish have not
been proved (30). In ponds {including
brackish omes) organic and inorganic
fertilization has  been” efficacious. In
Isrwel, fertilized carp ponds, some with
admixtures of Tilapia and mullet, pro-
duce twice the tonnage per hectare of
unfertilized ponds, and fertilization and
additional feeding doubles the yield
again (3/). Fenlized Tilapia ponds in
which the fish were also fed have yiald-
ed as much as ten times the crop of
unenriched ones (32},

Many kinds of inorganic or organic
fertilizers con be  used, 5EW

rociu cnse inverichrale -

Iy works well, Munich

sowage ponds with o slow exchange of

water produce 500 kilogrms of il

por_hectare por yeur and 4 profit for

their operutor, the Bavarian Hydro-

power Compuny; the method reguines

large trocts of lund, however; under

temperate conditions rising. lund  val-
wes threaten to make it ohsolele (6).

In a much warmer, rapidly Nowing
stream in West Java, with a high sew-
age content, ¢arp, confined in bamboo
eages o graze on the dense carper of
worms and insect larvae in the sandy
substrate, grow rapidly to vield 30 or
more  kilograms of fish per square
meter of cage surfuce, or 500 metrdc
tons per hectare (37). BEven with al-
lowances made for only partial use of
the stream surfaces, this practice clear-
ly represents an extremely efficient and
ecalogically sound wse of sewage, espe-

cially in warmy waters. The main depw-

taclice arise because the
ara always well cooked before
they are eaten,

In addition to the Leniliy of the
wiaber, its re, éspecially in a
colder climate, &5 also very important.
The most spectacular use of naturally
warmed water for fish culture is in
Idaho's Snake River valiey trout-farm-
ing district, where springs of an cven
16°C {optimum temperawre for Erouc)
gush forth from the canyon wall year
in and year cut. A thousand tons of
trout can be raised in & year on cvery
2830 liters per sccond (100 cubje foot
per second) that flow from these springs.
Such unprecedented results in fish hus-
bindry depend on high-density stock-
ing, fast growth, mechanization, and
cheap feed—the lutter being locally
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Fig. 6. Oyater ralt culiure in Hiroshiom
Bay, Fapan; the scallop shells 1o which the
growing oysors are aitiched pre being
apaced more wilely a5 they are restrung,
nfier cheaning,

procurable since the Snake River valley
B oadse i siock feed-growing area [34).
Most of all, however, the high yield
depends on the flushing of growth-
inhibiting wastes from the trout race-
ways. Hence, it 5 more appropriaie to
relnte weight pain to water flow rather
than to water surface or volume, By
such o measurement, produection would
be around 170 kilograms per liter per
second.

Naturally warmed water is not prev-
alent, but man-made heated cffluents
occur with increasing frequency. In
fact, thermal pollution may become a

theeat o seme natural wilers because
it hastens cutrophication. Heated pow-
or plant effuents, however, can also he
used fo the advantage of the aguocul-
turist, At the atomic energy plant at
Hunterston, Scotlund, cooling water, as-
certaingd to be nontoxic to fish, was
fed into cement troughs for gole and

jgg roisine. Both species were grown
o marketohle sizes in 6 to & months at
between 15% and 20°C, ns compared
with the 3 or 4 years necded for the
same growith under natural conditions
{H3) .

A progressive grower of Long Tsland
shellfish used about 57,000 liters per
minute of cooling water discharpe of
the Long Island Lighting Company.
The cooling water is taken from & deep
scction of the bay and hat a high
nutrient content, which fuvors ovater
growlh s does its warmth, Yeor-round
production in a near 3-hectare lapoon
of both oysters and hard clums (Mers
cerarig ercenarin) has been achieved,
and seed  oyster prodection  in the
hoated fugoon promises to be highly
succossful, Summer wiler temperatires
showe  30°C, fiest  fenrcd to  arrcat
growth or 1o be lethal, in fact, promot-
ol exceplionally rapid growth (5, 25,
At the atomic plant at Turkey Point
(Florida), replicate feeding trials by the
University of Miomi with shrimp (Pe-
neuy duorarum) and pompano ( Trachi-
wotuy  carofingg) are in progress to

compare the effects of differont levels
of water temperafure and consequently
of different levels of heated water ad-
micture (F). Heated waste water ks also
wiad for freshwater flsh culiure in the
Soviet Unlon (36).
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Fig. 7. Harvesting oysters in Hiroshima Bay, Tapan, The rens of eczllop shells with
Usoir attuched oysters are sirung from the boom (Japan Fish Agency, pholo],
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Aquaculture, proctived with o far
wider range of specics than mendioned
here, is founad in meost of the wordd, In
many arcas L oceurs at o sgbsisience
fewel, and ifs potential contribution 1o
the food supply has not beon assessed

(371, Willage ponds, once 3 hopeful |

development in Adrica, for instance, arc
now in disrepair and their potential
i not being realized (32, Local fish
ponds can be important, however, as
has  been  demonstrated in Taiwan,
mainland Ching, and Indonesia {5).
Husbandry of aguatic animals brings
increasing iﬂil.l'llimi relurns as it i prac-
ticed on o larger senle. Culture intens
sities vary, a5 do the fAxed and varable
costs of the operations and the yiclds
[Pubde 1), Freom g eonimercial point of
wiew, 1he refarg on e investment is ol
most  Dnferesd; in omblkiish culture the
annual returm ranges from 10 o 20
percent or more, and inereases with ihe

intensity of cultivation, Malpyan mixed
pig. amed Mkl formg yield 30 pergent,

and similar pelurns arc noted s the
ayster husiness (0},

Adquaculivre can be ot only o Tucra-
tive business hut £ may even produce
vields high compared with the harvest
of comparably sized land surfaces. The
relative scarcity of such peaks in agqua-
cultural production, especially in tha
iropics, @5 caused by a lack of bio-
technical engincering and managerial
sKills, the absence of suitable eredit or
seed capital for even low-cost installa-

tkons, and the absence of transport and
marketing  Facilities. that  might  ens
courage the development of a product
for a certain market, amd 50 forth.

This iz well dlustraled by 8 com-
parison of Indonesion and Talwanese
milkfish  culture In  brackish water,
Milkfish (Fig. #) feed predominantly on
bluegreen algae and are raised in pond
complexes on land  cleared of man-
groves, Capals permit the control of
water level and sadinily by mesns of
sluices, which regulate tidal or fresh-
water flow (38] (Fig. 9). Average Indo-
nesian and” Philippine anoual barvests
are M0 to 400 kilograms per hectare,
whoreas Taiwancse milkfish ralsers at-
tain mearly 2000 kilograms on the
overage, in spite of o cooler climate
(38 Cooporalives, rural reconstruction
nptiscies, a pood layoul of Hee formes,
coniral of predators of the Ty, some
fertilization, and prevention of siltation
of ponds and connccling water bodics
are zome of the secrets of successiul
milkfish farming in Toiwan For simi-
lar reasond there occur in mollusk cul-
ture the aforementioned wide ronps of
yiclds, from nearly 10 kilograms “per
hectare on public oyster grounds in the
Uniled States to the 58000 kiloprams
per hectare in Hiroshima Bay.

Filter feading mollusks and milkfish
are brackish water plankton- or algac-
Feeders, respectively, These hold more
promise . for profein-deficient reglons
than do the carnivercs of the same
cnvironment because it is more sound
to increase the fertility of the water

than fo produce exironcous feed, let
alone o raise one aguatic animal with

scrap from ancther, which is perhapa
alrcody htina used, or could be used,
irectly for human consumgption,
Most products of agquaculture could
be called luxury foods, whether they
are seld as high-priced items inoa fooad
cconomy with wide comsumer choice
tfor example, shrimp in Japan, trouf in
the Ulnited States) or boost the scand
animal prodein supply of developing fa-
tions (for example, milkfish in Southeast
Asin), where they also bring a pood
return to the producer. It might scem
unrenlistie, thercfore, to cupect aguas
culture 1o help alleviate the world pros-
tein deficiency, but such is not necos-
sarily the case. Luxury foods stop being

o lusury when ihcy ean ha_mass pro-

duge], o case woll exemplilicd by the
breviler chicken industry in the Usnited
Stotes and Western Burapo,
Differences in biolopgy  helween
chickens and aquatic animals notwith-
standing, some of the latter could well
beeome mass-produced cheap and abun-
dant foods at conversion rates of two
parts of dry feed to onc part of fish
flesh, Among fresh and brackish water
fish, especially trout, carp, nnd catfish
can be raised with pellets. Chinese carp
and certain tilapias cat leaves and stems
of leafy plants; other fish feed on algas,
In Southcost Asia well aver 200,000
hectares of ponds mow lie in former
mangrove areas; there are in the tropics
vast unused mangrove regions, some of
which could be turned into pond com-

Tahles 1. Selocted ranges of nquaculiusls yields (6] per yeor, Besults see wven in kdoprams per heciare except as noted. The value |5 ian dollars

par Beclare excepl ae nobed.

APpooximate
Type of cultivation Locailog ¥iald whalesale valua
of annunl erep
(Fpster
Comman property resource {public graunds) 1.8, E] iz
Imtenglve cultivation, beated hotchery, larval fesding 1.5, 5000 21,000
Intensive care, hangiong cultura JTapan® 58,000 G700
M wesels
Incensive enre, haaging culiure Spain® 30, D00 40,000
Shrimp
Extensdve, oo fertilization, mo fecding SE. Asia 1, ik 1,200
Wery iniensive, complele fesding Japan 6,00 43,000
Carp
Fenilized ponds, sewage poads [s75a] 500 00
5. Germany 504
Foriiized ponds, secessory feeding Tsrael 100
Sewags sireams, fost running Indongssa® 125,004
Recirculating water, intensive feeding Japan 100 114%
Casfinh
Ponds, mo fectilzation or fesding Souwihers ULS. 200 T
With feriillimiion and feeding in slowly Sowing waber 3,400 2,400
imot profit M)
Mk fixk
Dreckisl ponds, exionsive monppemest Indoncsia 400
With ferlization and inicisive care T ] Bl
Trout
Cement racewnys, Intendive feeding rapid Maw L5, 1701 1eat

*W¥ulsss for mfi cullure oedd comparable Incesslve prsctices based on 23 percens of lhg aren belng veoepied,

T Per Wier II:IF [T N5



preics for the culture of fsh, Mol
prosduetion, thaough  Bimined evenlually
by the suitability of grounds, could ba
expatded, and above all intensificd in
the areas where it is now prevalent.
Aquaculture is only beginning to de-
velop such practices ns manipulation of
the temperature regime o achicve best
growih,  devising  simple  automated
feeders ihat fsh can Jearn to activate
themselves, and building machines that
simplify horvesting, Several disciplines
are cxpecied to contribute to the devel-
opiient of aquaculiure, Since infensive
hushandry alters the conditions of na-
ture, a knowledge of the ecology of the
cultured organisms in both natusal and
artificial states Is essential, Engineering
cun alsd moke increasingly imporiant
contributions o aquaculiure develop-
ment o5 it bas in the successful pilot-
scale raising of plaice amd sole by (he
British Whitelish Authority (47). Tt was
the busis for the as yet theoretical
caleulation that “the annual Beitish
coleh of  plaive could be housed  in
shallow  pomds  covering 144 KEfukre
miles o extent™ (7).

Japanese  yellowtail fish are now
raised at high denshiy, and with SCC|UE-
tinl cropping huve already achicved
yields of 28 kilogrums per ROUSITE TRl
{280 mciric tons per hectare) and
shown that it ix cconomicnl to  use
small portions of the sea under very
intensive management, The success with
this oceanic schooling apecies and the
fact that ather sapecies of similar habils
ad become adupted to confinement led
to the speculation that still others, such
a3 tuna, might behave similarly and
that their mass culture under controlled
conditions might become possible, In
fact, Inoue of the Fisheries Rescarch
Laborutory, Tokay University, Japan,
urged that Japan take the injtiative in
launching a tuna-rearing project in the
equatorial Pacific, where atolls and la-
goons could be used as sen farms (&),

Such projections say nothing of the
problems of translating small to modest
enterprises into much vaster ones—the
main one likely to be the procurement
of many millions of tons of suitable
food, Trashfish, in part now used for
fish meal, krill and othar marina OTgan-
isms lower in the food chain than the
highly prized fish to be cultured have
been thought suitabla, provided that
they can be produced at a low enough

. cost. The theoretical potential of marine
fish culture also rests on the ASSLM 3=
tion that marine fish can be induced to
function sexunlly wnder artificial COn-
ditions, as have many [reshwater fisly,
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Fig. 8. The herbivorous brackish waoter milkfish of Southenst Asia; tha specimen is
about & months old {Department of Fisherwes, Taiwnn, phasto),

Hormone stimulntion s oxpected fo be
ont of the solutions to this problem
along with rearing an initinl breeding
stock born amd sdjusted o life inoarti-
ficial environments,

But even without furiher advances
through eescarch, o consideruble ln-
erewe of aquaculiural yickls appears ag-
tainable soon by consistent application
of alrendy known techaigues on inef-
icicntly monaged fresh and brackish
water bodies, It has been advocated (4)
that millions of hectares of ponds be
constructed in Asia, Latin America, and
Africa to help satisfy the protein needs
of these areas, If local economic and
sacio-political constraints were removed,
these new waters and the upgrading of
presently existing ones could yield by
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the year 2000 o harvest of 30 tw 40
million metric tons (3, 4/} produced
fear areas of need, which are sl likely
o Inck refrigeration,

Long-term and  large-scale  projec-
tivns of yiclds ablainahle through prig-
ticing aguaculiure with marine animals,
outside the brackish water zone, cin
hurdly b attempled: o amacicullune
5N it infnney, However, SRR rmonts
in several locations have  established
that it is techaieally feusible, and no
doubt the intensive development and
success of brackish water agquaculture
will lead to further cfforts o develop
maricullure on a large scale. It s too
carly, however, to tell where or under
what conditions such efforts could be-
come economically sound.
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i 9, Milkfish pond esmplenes near the coaat of Enst Jawa (W, H, Schuster, photo).
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The rele af aguaculture in producing
high-grade animal profeins for human
naelrition is discussed. Raising and temd-
ing aquatic animals is mainly procticed
in fresh and brockish waters although
there are promising pilot experiments
and o few commercial npplications of
true mariculture. Yiclds vary with the
arganisms under cullure and the inten-
sity of the husbanding care bestowed on
them. The products are now maialy
luxury foods, but there are some indi-
eations that upgrading of the [requently
primitive culture methods now in use
could load to increasing yields per unit
of clfort and to reduced production
costs por unit of weight. Under favor-
able condifions, production of animal
flesh from o wnit volume of water far
exgecds that aftained from a unit sue-
face of ground. With high-density stock-
ing of aquatic animals fushing is im-
portant, ond flowing watcr or tidal
exchange is csseotial, Combinations of
biclogical snd engincering skills are
hecessary for full exploitation of agua-
cultural potentials; these are only par-
tially realized because economle incen-
tives may be lucking to tend aquatic
organisms rather than to secure them
from wild stocks, because of secial, cul-
turaly and political constraings. Never-
theless, a substantial development of
aquaculiure showld oocur in the next
three decades and with it a severalfold
increase in total yleld.
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