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- . Aquacudture: Principles and Practices

lations. In the case of fishery resources, the
need o increase production was sought to
be met by discovering new resources and by
adopting more efficient methads of hunting
and utilization. Further, unlike in agricuiture,
common access rights prevailed for most of the
resources. Conditions have, however, changed

rather drastically in recent years. Rhesmethods -

so far widely -adopted to obuain increased
production are often proving to _be counter-
productive. Restrictions in access  rights,
brought about by the new laws of the'sea, have
affected the fishing industries of many nations.
Increasing demands in foreign and domestic
markets for some of the favoured species like
shrimps. salmons, eels, sea basses and sea
breams and their decline or lack of potential
for expansion of natural production, have
created a situation where adoption of methods
of farming and ranching have become logical
and inevitable. Since most forms of aquaculture
can be undertaken within national junsdiction,
there are fewer chances of mternational con-
flicts relating to rights and ownership in culture
fisheries, except possibly in ranching operations.

There are also other concurrent factors that
have promoted enhanced attention to aguatic
farming. One is the recognized need in many
countries to achieve greater self-reliance in food
production and greater balance of inter-
national trade. Saving or eaming of foreign
exchange has also become an inevitable need
for.economic development. Further, as will be
discussed in Chapter 3, aquaculture has shown
its potential to increase rural employment and
improve the nutrition and income of rural popu-
lations, particularly in developing countries.
The labour-intensive nature of certain types
of farming and the opportunities for waste re-
cycling and integration with crop and animal
farming, bave made development agencies
consider aquatic farming as particularly appro-
priate to developing areas. 5

Adquatic farming is also of special significance
in fish marketing strategies. Production can be
organized according 1o market demand, in re-
spect of quantiry, preferred size, colour, preser-
vation and processing. €tc.. In many markets
there is a special demand for fresh or chilled
fish and it may not be easy for the fishing
industry to adequately satisfy such a demand.
Harvesting from farms cn be regulated to

meet this .demand and make availuble the
product during ofi-seasans in order Lo maintain
regular supplies. The species can be grown (o
the size most preferred by consumers, when
size restrictions have to be observed in capture
fisheries. .

’

—\.u\ Biological and technological basis

“The rationale .of aquaculture is not limited
merely to cocio-economic and marketing ad-

~vantages. There are also ‘scientific principles

that weigh very much in favour of aquatic
farming of fish and shellfish. It is a relatively
efficient means of producing animal protein
and can compare very favourably with paultry,
pork and beef in the economies of production,
when appropriate species and techniques are
adopted. Poikilothermic (cold-blooded) ani-
mals, especially fish, have relatively low energy
requirements, except for metabolism and
maintenance of body functions. as they use
little enérgy for maintenance of body tem-
perature and normal locomotion. Since their
body weight is nearly the same as of the water
they inhabit, loss of enerzy in supporting them-
selves and swimming is minimal. Little energy
is ‘used by cold-blooded animals for thermo-
regulation. These advantages result in higher
growth rates and greater production per unit
area. taking full benefit of the three-
dimensional nature of water bodies. Filter-
feeding sessile shellfish, such as oysters and
mussels, spend very little energy in obtaining
their food. Fish are highest on the comparative
list in terms of gross body weight gain and high
in terms of protein gain per unit of feed intake
(Hastings and Dickie, 1972). When fed bal-
anced diets under favourable environmental
conditions, the feed conversion ratio (wet
weight gain per unit of dry feed intake) has
been found o be in the range 1:1 to 1:1.25.
The protein efficiency ratio (weight gain per
unit of protein intake) is either equal to or
higher than that for poultry and higher than for
swine, sheep and steers {Hastings and Btk
1972). Fish are able to utilize high levels of
protein in the diet, whereas in poultry almost
one-half of the amino acids are deaminated
and lost for protein synthesis. A weanling pig
may lose as much as two-thirds of the amino
acids through deamination.
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The absolute economics of a culture system
depend very much on the species. production
technology and market conditions. Basically,
low trophic feeders can generally be raised at
jower costs than those which are high in the
food chain and which thus require a higher
propartion of proteins. particularfy animal pro-
teins. However, the latter species usually fetch

_higher prices in the market place and com-

pensate for the higher production costs. As will
be discussed in Chapter 3. aquaculture offers
the option to produce low- or high-cost prod-
ucts, and it is up to the farmer 1o decide
which.- However. it has to be remembered that
many types of proteins that are not consumed
by man can be upgraded through aquaculture
to produce highly acceptable and well-relished
products. Very often, waste products of capture
fisheries and animal and crop farming form the
main basis of aquaculture feeds. Also. much of
present-day aguaculture is based on the natural
fertility of soil and water, supplemented by
organic or inorganic fertilizers and the plentiful
energy of the sun.

{n cerain situations. the application of
aquaculture technologies is an inevitable
necessity and not a matter of choice. The case
in point is of species or populations that have'
been decimated by overfishing or environ-
mental perturbations. Culture techniques have
to be used to prevent the extinction of species
that are ecologicaily or economically important
to the environment. The diminishing salmon
stocks in river systems of countries in the
northern hemisphere and their slow rehabili-
tation through environmental improvemenis
and repopulation with hatchery-produced
smolts are probably a good example of the role
of fish propagation. Similarly, recreational
fisheries and aquaria are largely dependent on
the application of culture techniques.

* Lrrigation and hydropower development
projects, as well as land reclamation, have
seriously affected fishery resources in many
areas. Al the same time, some of these projects
have resulted in the creation of vast reservoirs
that require the development of new fishery
resources to compensate for the losses incurred.
The potential for the application of culture
techniques in developing fishery resources has
been clearly demonstrated in many countries
such as the USSR (Volgogradskoya and
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Tzimljanskoye reservoirs). China (Taihu
Lake). India (Damodar Valley Corporation
and. Mettur reservoirs) and the USA (TVA
Teservoirs).

1.4 Role in fishery management

The foregaing discussions have indicated the
rationale forthe increasing emphasis given to
aguaculture in fishery development and man-
arement programmes. While the current em--
phasis would appear to be in enhancing the
production of high-valued species for export.
its benefits in overall fishery management are

also being slowly Tecognized. Expart-oriented

farming has clearly been tesponsible for at-
{racting investment from- the private sector
and for starting several supporting industries
like feed and equipment manufacture. Becauss
of its possible role in improving foreign trade.
governments in many countries are now
offering incentives, including financial supp g
for the aquaculture sector. Industry and scien-
\ific institutions are devoting attention to re-
search and development for the handling.
preservation and ntation
products. Even though the enthus
stricted to a small number of export
the benefits of progress can certai r
down to the production of other Species, :
sconer or later the need for diversification !
be recognized by most enterprises. Even now
the newly established supporting industries ean
be of benefit to other types of aquaculture as
well. . -

A major element in fishery management in
many countries is to prevent any increase in.
and possibly even reduce, fishing pressure in
the intensively fished foreshore areas. Aqua-
culture would probably be the only means of
maintaining the overall supplies, if fishing re-
strictions affect the landings. Sizeable increases
in production can also be expected through
aquaculture under favourable conditions.

Reduction in fishing pressure in developing
countries often involves the displacement of
jarge numbers of small-scale fishermen, who
are unable 1o obtain a reasonable income, even
when unrestricted fishing is allowed. Many of
{hese fishermen and their families are relucrant
0 leave their traditional homes and &;uu.-“dn‘
professions unrelated to murnaﬂ.«mn.o_ﬂ s
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Fis.
Clessic of Fish Culture.

While the Chinsse immigrants were the focal
points for most of the developments of fish
fzrming in Southeast Asia, indigenous systems
of Indian carp culture sesm 10 have existed in
eastern parts of the Indian subcontinent in the
11th century AD. Fish culture was practised in
Indo-China for many ceniuries and the eariy
systems of p<n and cage cuiture of Sitash ap-
pear to have indeed originated in Cambodia.
present-day Kampuchsa. Probably starting as a
means of holding fish alive befors niarketing,
fiow-through culture from fry to market sze
«ith artifcal fesding developed in the course
of fime. Variations of this system came 10 be
pracusedm indonesia for carps and in Thailand
for the catfish Pangasis. :
ﬁuﬁ.u eariiest brackish-water- farming In
utheast-Asia appears 1o have originated in
Indonssia in the isiand of Java during the L5th
century AD) It is believed that the culture of
the milki<n (Chanos chanos) and other
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there were over 80000 acres (32389 ha) of
ponds. The eariy tambaks are reported 10 have
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3 | Fan Lei Park in Wuxi, Chinz. in memory of Fan Lei who is belicved to have writien there the

been constructed by convicts who were sent Lo
the coastal areas to work on salt marshes and
to guard the coastal fires.

As mentioned earlier, the history of aqua-
cullure in Europe starts from the Middle Ages
with the introduction of common carp culture
in m ic ponds. Common carp attained 2
<ogal and religious significance as the chosen
food to be eaten on special occasions, as for
example Christmas, in certain areas. However,
there was also a certain amount of prejudice
against it in some Western countries, particu-
larly because of the lack of acceptance of its
cufinary properties, and it was considered a
pest because its feeding habits gave rise 10 soil
erosion and muddying of water, _uunmnc_nnv.
water used for game fishing. Despite this, carp
culture continued and fiourished in almost all

East European countriss and from there it was——=={ L

introduced into the present-day Israel. Inrecent
times. tne polyculture of Chinese crp has also
been adopted in many of these countnss.
The propagation of troul. which has a fairly
long history, originated in France and the monk
Don Pinchot. who lived in the 14th century, 1
credited with the discovery of the Bn_vo.._.oﬁ
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His ory of agnaculiure and its present s

artificial impregnation of trout eggs (Davis.
1936). Being a sport fish and of more widely
accepted - culinary - properies, - (rout culture
spread Lo almost all continents in the-course of
time. Even though early efforts were focused
on repopulating natural water bodies for im-
proving sporl fishing, pond culture and other
forms of intensive culture gradually developed
to produce fish for the market. Commercial
trout culture in fresh water on a fairly large
cale developed in countries like “France.
Denmark, Japan and recently in Italy and
Norway. During this period, the culture of the
Atlantic salmon also bscame 2 commercial
success and with the development of cage
farming of salmon and trout in Norwegian
fjords. saimonid culture achieved a remarkable
boost in production and public attention. -
The British introduced trout in their colonies
in Asia and Africa, mainly to develop sport
fisheries. The early development of hsh culture
in North America was centred on the propa-
gation of salmon and trout. and to a lesser
extent on the black bass. Starung in the 18th
century. trout halcheries were established in
government stations mainly for release of fry
into open waters, but in the course-of time the
private sector started commercial production

% > \,VHWMW s

of consumption fish. Slowly the practics of
trout propagation for releass in open waters .

or. more recently for farming. spread 1© the
temperate and semi-temperate areas of Ceatral

and Sputh America.
n tracing the history of fish cultare, one
nas _.VES into account the rather ancient

practicd of breeding and rearing omamental
fish. such as goldfish by the Japanese and the
Chinese) The spread of tilapia, a native of the
Africarf continent, to several countriss in all

pansaof the world isa remarkable pnenomenon.
Even though there was resistance to its intro-
duction in many countriesand it was considered
as a pest by some, its culture spread far and
wide, especially in developing tropical
countries. Tilapia culture was considered by
many as an easy means of producing cheap
proteins for (e masses. Research and exper-
imentation have in recent years found solutions
to some of the problems of cuituring ulapia.
and commercial-level farming has developed in
certain areas.

The oldest form of coastal aquaculture is,

(lse A
A

probably oyster farming. and the Romans.
Greeks and Japanese are believed 1o be the
eariest oyster farmers. Oyster cullure in inter-
tidal stretches is said lo have been practised in
Jupan around 20(K) years ago. Anstotle men-
tions the cultivation of oysters in Greeee and
Pliny gives details of Roman oyster furming
from 100 BC. The culture of other molluscs,
like mussels and clams. which follow methods
similar to oyster farming appear to have de-
veloped much later.

From .a historical point of view, the only
other culture system that needs mentioning is
the large-scale farming of seaweeds. which is of
relatively recent origin. The earliest text book
of seaweed culture appears (o have been pub-
lished in Japan in 1952 After the Second World
War, culture of edible ssaweeds expanded and
intensified considerabiy and spread to othsr
countries like Korea, Tai and mainland

China. m?\we;% ek

70_to 75 million 4 .
duction of preferred species remaining station-
ary or in some cases i

i m..—.rnnuﬂ»aon\;:. R

of the total catch utilized for human consumpPav—>"
tion has increased from 38 to 70 per cenl, @:né\or_hnv

1o increased demand and increased utilization
through new orimproved processing (echniques
and marketing of value-added products. The

' most optimistic estimates of total catch of con-

“:40._.0.

ventional species from the wild are around 100
million tons, and any significant increase due (0
harvesting of new unconventional species for
food is considered unrealistic due 1o problems
of consumer acceplance, harvesting technology
and costs. -
1f the hoped for 100 million tons catch i
obtained, about 70 million tons.cn be expected
to becoms available for human food at the
current rate of utilization. Even if this can be
increased. the maximum total catch used for

human consumption cannot be expected Lo sur
q° w ?L oY
- N <
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10 Aguaculwre: Principles and Pructices

pass 80 miliion tons. On the o_sn,q .?.Sa, il is
estimated that about 10 to 140 :::.o: tons of
edible fishery products will be required Lo meel
the demand of the projected worid population
by the vear 2000. There is thus a deficit of

can serve only as indicators. The type of stal-
istics that will be needed for an appraisal of the
situation are unfortunately not availuble. In
the absence of suitable mechanisms for the
collection of aguaculture statistics in most

approximalely 20 to 60 million tons to beymade  countrics, the Food and Agnculture Organ-

up, and the only major means presently nown
for this is an accelerated development of
an:uﬂ:::ﬂn.

As indicated in Chapler 1, aguaculture has
been histoncally a small-scale activity. Some
spectacular successes have been achieved in
large-scale commercizl farming. but in the
minds of many it is still a development for the
future. It s trus that aquaculiure contributes
probably nol more than 13 per cent of what the
capture fishery contributes on 2 plobal basis,
despite the fact that in certain areas and seciors
the volume of production and economic signifi-
cance are much gremer. Culiure technologies
are far from perfect and research efiors 10
develop and improve technologies are in the
very carly stages. The promotional efforts of
dedicated instiutions and individuals have
crezled the recognition of its potentials and
provided the climate suitable for testing
Lheories and practices on a much larper scale
than had bzen passible before. Being a new
and emergmng ndusiry. there are bound 1o be
more mistakes made than in established ones,
for concepiual. technolopical or managerial
reasons. Bul. as pointed out by Rosenthal and
Murray (1986). ‘under £ood management muny
of the aguaculiure systems have surpassed all
£xpeclalions of a decade apo’. If one preiers 10
lake a negative epproach. there are also SyS-
lems. considerad as req| breakthroughs.; whish
have failed 10 take off. It has also been demon-
strated thal aguacuiure Programmes have a
relatively longer Eestation period. in com-
parison with fishing or oiher forms of food
production. Even when jested lechnologies are
adopled. the construction of physical facilities
(particularly pond farms). soiy on of sie
sp=cific problems. the huilding up of (he pro-
ductivity of the sysiem and. above all, ayin.
ment of skills by workers 1uke considerible
hme. Lack of aliowance for such time-lups has
ofien resulied in the Premature termination of
many enlemrises.

In a discussion o

I the worldwide staje of
dquacullure. indivig

Uil successes and [uilures

ization of the United Nations (FAO) has been
making estimates of world production at fre-
quent intervals. based largely on data provided
by various governments. The estimates of lolal
production were 5.0 million tons in 1973, 6.1
million 1ons in 1975, 8.7 million tons in 1980,
over 10.5 million tons in IY83. about 10.6

million 1ons in 1985 and over 13.2 million.tons )

1n 1987. It is difficult 1o determine the accurnicy
of the estimates, as different tlypes of compu-
lations have heen used in certain countries.
such as 101al production based on average vield
DST Unil area. conversion of processed products
1o wel weight of harvests. isolution of harvests
of culivated species from 10tal landings in lurue
waler bodies conlaining resident species. cic. ||
is aiso likely that the produclions from many
small-scale farming operations hive been over-
lonked. a5 government institutions may have
had no records of them and their hanvests maly
nol reach major markels. The possibility of
some of the increases in estimates being due 1o
beller coveruge also cannol be ruled out.
Nevertheless, the availuble figures clearly show
the main trends in production and demonstrile
convincingly that dguaculture is a prowth
industry. indicating that some of the forecasts
of future production may noi be unattainable.
It is beheved that production of over 26
million tons by the turn of the cenlury can be
achieved if the observed rate of increase is
maintained and the necessary lechnical,
financial and policy suppuorts become availuble,
The regional distribution and compasition of
world aguacullure production for 1983, 1983
and 1987 ure piven in Tubles 2.1 und A7)
respectively. Asia is the largest aguaculture
producer, followed by Europe. The rutes of
increase in production in North Ameriserreany
Alrica are remarkably higher. although their
overall contributions still remain rather small.
Available data for South America do not seem
1o permit any justifiuble conclusions on devel-
Opment trends in the region. Analysis of the
composition of production ligures shows that
Mmijor increases are due 10 expansion of finfish

R, |

History of aquaculture und its present siaie

Table 2.1 Regionul Distribution of Aquaculture
Procduction (in million tons).

Region 1983 1985 1987
 Africa 43805 01 1K) 62502
Asin . RIH2377 BYZHKIX) 11131302
Europe 1277853 1 13660 1 .,...w: _.E
Near East 231834
Nornh
America 316203 392 600) 449993
South
Amcrica 220478 08 2(K) 2000 104
Total 1051776 0587 300 13207916

Tahle 2.2 Composition of Aquaculiure Production
(in million (ons).

Product 1983 1983 1987

Finfish 4671244 4717500 6793 44]
Molluses* 3301948 279K6IN0 2672394
Crustaceans' 133800 2657000 574906
Scawveds 2393784 277720K1 3 (39473
Others 283X 27702
Total 10500776 10587300 13207916

. .G...m_r.q.m. mussels, clc.)
(Shrimps. prawns. craylish. cie.)

und erustacesn culture., for which Lhere is more
widespread cansumer demand.

Extensive, semi-intensive and intensive sys-
lems of production are adopted according to
local conditions, Exiensive systems are charac-
terized by low inputs, maximum use of natural
processes for the production of food., Jow den-
sity of stock and low harvest per unil of arca
under cullure. In countrics having larpe-scule
uperations. a gradual evolution 1owards semi-
inlensive and intensive sysiems can be ob-
served. This involves higher stock densities.

A4
hatchery production of seed where feasibe_
greater human control of environmental cop.
ditions. at least supplementary fecding, ang
higher yiclds per unit area. Soctal and economic
n_._.namnm seem Lo reguire the adoption of sem;-

inlensive systems in many areas (o muke agjua-
culture a viable industry.
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siderations. For fresh-water ?.w:&-
M._.”.n.u QH_HM_H_:; available consists mainly
of—swamps. unproductive agricultural land,
ialleys. strear and nver beds exposed die’fo_
chanees of water flow, ete. (Ags4.1=4.3). Land
clevation and food_levels have to be ascer-
{ained. The maximum flood level in the fast ten
years or the highest astroromical tide (in the
case “of ‘brackish-water sites) should not be
higher than the normal height of the-dikes that
will be constructed for the farm. It will be

advantageous to sclect land with slopes not

e e e e S T e—
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Agquaculture: Principles and Practices "

steeper thun 2 per cent. The area should be
sufficiently extensive to allow future expansion
and preferably of regulur shape 10 facilitute
farm design and construction,

The nature of the vegetation indicates the
soil type and elevation of the wiier table.
Obviously dense vegetation, particularly tull
trees, make clearing more difficult and expens-
ive. Land under grass or low shrubs is much
better suited in this respect, However, in arcas
exposed ta strong winds and cyclonic or simil:ir
weather conditions, sufficiently tall vegetative
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Selection of sites for aguaculitre 25

rig. 4.3 A fish farm in a valicy in Northern Cameroon.

cover around the farm can serve as effective
wind breakers. High ground-water level may
create problems in farm operation, as drainage
wiil become difficult and expensive. The use af

mechanical equipment for pond construction .

will also become inconvenient.

Among the other important generai factors
10 be considered are the existing and future
sources of pollution and the nature of pol-
_utants. [n thiS Connection, information on de=
velopment plans for the neighbourhood areas
will be necessary. It will be useful to ascertain
the past use of the site, if any. Croplands that
have been treated for long periods with pesti=
cides may have residuss that are harmful
to fish and shellfish. If the site is located adjac-
ént 1o croplands that are sprayed from air

or land, there is the risk of contamination -

occurring directly or through run-off water.
Similarly, the possible effects of discharges
from the pond farms inio the waterways and

irmigation systems in the neighbouring area’

should be considered. This can greatly influence
the attitudes of the neighbournood communi-
ties to the proposed farming and hence their
future cooperation. !
When a hatchery is planned in connection
with a pond-rearing facility, the H_HE_...R its

site depends on the location of the aursery and
~earing ponds. The more important consider-

* ation is the unrestricted availability of good

quaiity water, such as from springs. tube wells,
reservoirs. etc. |f earthen nursery ponds are to
be constructed alongsids the-harchenes, il is
necessary to ensure the quaiity of the soil for
ponu coustruction and pond management. In
many modern hatchenes, fTy reanng s mostly
done in tanks and troughs. with as much coowo!
gver ambient conditions a5 possible. So the
main consideration is the availability of essen-
tial utlities fike eslectriaty. The situanion s
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26 Aquaculre: Principles and Praciices

Since integrated farming is based on the re-
cycling and utilization of farm wasles. problems
of pollution can be expected to be minimal.

4.2 Land-based FJ:W\,

Sites generally available for coastal ybreHfarms
are udal and intertidal mud fats in protecied

areas. particularly _ﬂamn_ g_ﬂﬂn _.E:n._ u“nmaﬂqu
7 izophora, the lop luyer maj
wﬁ_ﬂnaw “_ﬂ.ﬂw dense mass consisling & a.oo.m_ﬂw
of mangroves, which in any case will have 1o i
excavated 1o make the pand bottom _..En_sn:.”_.n._
The selection of suitable sites, gmn.n_ onli “_
fiuctuations and elevation, is u:as._u in mm, 4.4.
A lidal fluctuation of around 3 m is considered

i jer, i be
areas near river estuaries, bays. creeks, lapoons -ideal for coastal ponds. However. il has 1o

and sait marzhes includine mangrove swamps.
The rraditional and, in many cases, the most
economical method of water management fora
coastal farm is through lidal fiow 2nd so one of
the essential pieces of information is the tidal
amplitude and its fiuctuations at the site. The
tidal range along the shore line may be more
easily oblained from tide tables or other
sourcas, bul in estueries and other waler bodies
away from the coast the fipures will be different:
the mean tidal level penerally becomes higher.
the duration of the ebb tide becomes longer
and the fiood tide shoner. The diurnal Lidal
runpe, thal is the difierences in height between
the mean higher high and the mean lower low
walers, becomes less. In order to determine .
the relation between tidal levels and ground
elevation at the proposed coastal farm site, tide
measurements will have (o be made on the site
wilh a tide gaupe or tide staff over a period of
lime. The rejationship of udes between (he
nearest port and the tide gauge placed at the
site hus 10 be determined first for this purpose.
The lide curves and other necessary tidal data
at the site can be culculated from the highest
astronomical lide (HAT), mean high waler
sprines (MHWS), mean high waler neaps
(MHWN), mean low water neaps (MLWN)
and mean low water springs (MLWS).

The construction of ponds in areas reached
only by the high spring tides would require
excavation, leading to high construction costs
and problems in disposal of the excess soil. I
the dikes are made higher than necessary lo
deposil excess earth, the productive waler area
n the farm will be reduced, Excavaion mily
also affect efficient drainage using Lidal energy.
Further, the removal of fenile top soil, which 15
Important lo induce the growth and muinten-
ance of benthic food organisms in coustal
ponds, will resull in the loss of much Lume in
reconditioning the pond botlom (o stimulate
such growths. However. in certain mungrove

-remembered that if ‘the lidal encrpy cun be
replaced by other forms of energy for water
management. the limitations indicaled would
not apply. As mentioned earlier, the main con-
sideration then would be the cost involved and
the economics of operation. Gedrey e al.
(1984) estimate that the construction and op=r-
alion of a farm with a pumped water supph
sysiem can be more economical than that of a
tidal waler farm.

4.2.1 Soil characteristics

The quality.of soil 45 imporunt in pond farms.
nol only because of its influence on productivity
and quality of the overlying water, bul also

because of ts suitability for dike construction.

The ability of the pond 10 retain the required
waler level is also preatly affected by the
characteristics of the soil. It is therefore essen-
tiul 1o carry out appropriale soil investigutions
when selecting sites for pond farms. Such in-
vesugalions may vary from simple visual and
luctile inspection 1o detuiled subsurfuce explo-
ration and luboratory tests. Because of the
importunce of soil gualities, dewiled investi-
gations are advisable, particularly when large-
scale furms are proposed. Sundy clay 1o clayey
Joam soils are considered_suitable for pond
construction. To delermine the nature of the
50il. il is necessary (o exumine the soil profile,
and either test pits will have 10 be dug or soil
samples collected by a soil auper at repulur
distances on the site. To obtain samples. rec-
tungular pits (1.0=2.0 m deep, (1.8 m wide and
1.5 m long) ure recommended. If available. u
standard core sampler or soil auger of known
capacity (e.g. 100 em') can be used for col-
lecting sumples of soil from ench soil honzon,

Texture und porosity are the two most im-
portant. physical properties 10 be examined.
Suil lexture depends on the relutive Proporlion
of particles of sand, silt und clay. The size

] c
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Site elevation

pased on
(in em)
Above 300
-tidal
range 250

Inundated only

ﬁlns

by extreme
igh tides
higl 150
Normal range
of high tides e
50
Normal range 0o
of low tides
Expesed only w.|
at extreme (-)50
low tides
Always (=}100
under
water

udes

3 220

= Needs

== 180 excavation
= 140

"3 Preferred | gyirapie for
= elevation ‘ fish ponds
— for ponds

3 1=)30

Fig. 4.4 An cxample of site sclection based on tidal range and ground elcvation. -

limits and some general characteristics of the
soil constituents are piven in Table 4.1. By
louch and feel one can roughly determine the
\exture. A sample of the soil should be kncaded
in the hand (1o make it somewhat drer. if it 1s
wel and slicky; if the sample is dry add some
Waler 1o make it moist but not sticky). 1f the
kneuded sample can be rolled into a bar (about
f mm thick) and bent 10 form a nng around the
thumb. without any cracks, the soil must be
clayey. If il cannol be made into a par and
remoins separate with visibje grains when dry,
the sample is sandy. 1f the sample does not full
1o either of these categories it can be clossified
as silty or loamy. Sand ETains can be fell dis-
linctly, even when not readily visible in loamy
sails. Silty soils feel like fiour or dough between
the finpers. There are, of course. intermediate
categones depending on the proportions of the
constituents,

Because of their cohesive properties. the
fine-1exiured soils (clay, silty elay. clay loam,
silly elay loum und sandy clay) are more suitahle

for pond farms. They have a ETeater surface
area and can thersfore absorb more nutriens
and retain and release them for Organic pro-
duction in ponds: they are also less subject 10
erosion and other damage. The sojj structure
or the arrangement of soil particles is of specia]
Importance in determining the Compaciness
and therefore the porosity, of the soil. Ligp o
textured soils, particularly in close Proximity
0 open druins can.cause high seepage ang
percolation. Pond farms buil; on such sojls
may. however, improve in the course of (ime
due 10 the blocking of interstitial pores by
organic sediments produced in the pond, or
introduced with the water supply or n_nﬂmﬂ.nn
from manuring. Puddling is an efficient means
of seaiing ponds. In this process, fine panicies =
clog the most permeable partsand in due coyrse
lhe botlom of the pond may be 333_2.".:..
sealed. Compaction of soij] by mechunicu]
means n_c._.:._u pond construction can ajso assist

In reducing seepape. Suitabje linings  Jike
polycthylene sheets have been used on pond

e —
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ble 4.1 Diameter and charmctenstics of sl constituents (size retions).
Tu .

Soil constituent Diameter of particles

General charaeteristics

Sand 2.0=0.03 mm

._ Silt 0.05=0.1K)2 mm
)

i

¢ Clay <0002 mm

} :
i
f
!

Individual particles feel gritty
when the soil 18 rubbed between
the fingers. Not plastic or sticky
when muist.,

Feels smooth and powdery when
rubbed between the fingers. Not
plastic or sticky when moist.
Fecls smoath, sticky and plastic
when moist. Forms very hard
clods when dry. Particles muy
remain suspended in water for i
very long period of time,

bottoms and water supply channels to preyent

seepaze with some success. But it 1s dificult 1o

prevent damage to the limng and it oftens wms

out 10 be too expensive for practical use. It

miay also greatly reduce the contribution ofthe
pond bottom to natural productivity 10 the
pond, even if the initial and continuing Cosis of
g the lining are acceptable.

4 - Generally, the soil on sites selccted for
3 coastal pond farms is alluvial. It is wisually
.m porous with varying masses of fine roos of
:

(W TR = T e e

mangroves and other swamp vegetation. The
preferred soils are clay, clayey loam. siity clay

2  loam. silt loam and sandy clay loam. Sundy
m clay loam is the best for diking.

4.22 Acid sulphate soils

1
._ .
WM.. 3 As mentioned earlier one of the major
g problemsin site selection for coastal pondfarms
- in the tropics is the prevalence of acid sulphate
t soils or cat-clays. Even though such soils are
also found in fresh-water swamps, the ﬁ_.wzn_.h_
is more pronounced lT_Brackish-waler areas.
. The :..m,“? acidic conditions inhibil the pro-
diction of fisharid fishfood Dreanisims. El-
ements, particularly | IO L, are
released into the water in toxic quantines f:.ﬂﬂ
render phosphorus unavailable, causin g SEVEre
nmm@:waﬂﬁm% growih. Sudden
fish kills during rains aiter long dry periods are
a common phenomenon due to leaching of
n extremely acidic water from surrounding dikes
] into ponds built on such soils. .
Acid sulphate soil results from the formation

Qu

of pyrite which is fixed and accumulated by the
reduction of sulphate from salt water, The
process involves bactenal reduction of sulphate
(0 sulphide. partial oxidatlon of sulphide 10
elemental sulphur followed by interaction bz-
tween ferrous or ferric iron with sulphide and
elemental sulphur. A sufficient supply of sul-
phate and iron: high concentrations of mela-
bolizuble organic matter; and  sulphate-
reducing bacteria (Desulfovibrio desulfuricuns
and  Desulfo muculatum) in an anaerobic
environment alternated with limited acraton.
are the factors thut give rise to sulphate sails.

[n mangrove swamp areas, the most javour-
able conditions for pyrite formation exist in the
zones between the mean high water and mean
1ow water levels which have limited periodic
aeration due 1o tidal fiuctuation. There is _nﬂ.
pyTite in the better drained parts of the marshes
which are aerobic most of the time.

The reclamation of mangrove swamps for
pond farms with drainage resulls in the ex-
posureand oxidation of pyrite and causzs acidic
conditions. Ferrousiron (Fea) _m.._.n_nu_.s__ during
atmospheric oxidation of pyrite under _._.o_m_m
conditions at an optimum moisture content 0
30—40 per cent. Al low pH, mn._n_nw bacteria
convert ferrous iron to fernc iron (Fey)- __8_._
remain in solution in appreciable amounts only
at pH values in the range 3-3.5 and is @ acqn_
effective oxidant for pynte and elementa
sulphur than free oxygen. At higher mz,. ___H_cﬂ
all ferric iron is hydrolysed and precipital _.ﬁ
ferric hydroxide. Basic ferric sulphate 153 6_
formed  during pyrite oxidation. m_nan_.:n.

-

Selection of sites for synaculiure

sulphur is oxidized (o sulphuricacid by hacteria.
’ ._dn most harmful effect of ?i:...cu_s.:.ca
lies in the excessive amount of .E.::S..n acid
produced. which if not neutrulized by exchange-
able bases creates strongly acid conditions. In
mn_n_..::_._.m:nm for pond farms, one has (o ke
mto account not only the exstence of acid
sulphate soils but also the potential for acid
conditions 1o develop as a result of drinage
after canstruction. The levels of pyrile and
acid-neutralizing components such as clvium
carbonale from mineral deposits and metal
cations have to be considered. The use of com-
bined criteria. as for example sedimentary re-
fationships and _sulphur sources. land form.
vepstation and soil charactenstics, has been
sugassted as a basic approach for recopition
and prediction of potential and actual acid
sulphate soils. Although it is desirable w have
both field and laboratory investigatons, it
is considered possible to use with confidence
certain simple criteria. Potential and existing
acid sulphate soils are generally found in man-
grove swamps and marshy back swamps. on
the seaward side of river deltas and on marine
and estuanne plains (Figure 4.5). Tidal
brackish-waler vegetation with dense moting
systems are usually related (o accumulation
of pyrite. Association with the red mangrove
(Riizephora). Nipa and Melulcuca stands is a
fair indication of potential acid soils. Soils that

R T e

)

are likely to become acidic have a high orginic
maller content. such as the fibrous ot of
mangroves, and a grey subsoil with dark grey
to black specks or mottles with partalls
decompesed matter.

The detection of actual sulphate soils is &isy
They can be recognized by the pale yellos
moltles of the tap-ail_overdying pyritie subsoi
The older acid*sulphate soil shows the red-
brown fermic hydroxide. Their pH is generally
below 4. A comparatively easy method of esi-
mating the extent of acid and non-acid soil
layers is by implanting stakes coated with red-
lcad paintin the soil profile. Hydrogen sulphide
generated in the layer with active sulphate
reduction ums the red-lead marking black
wilhin aboul a week. leaving on the stake :
record of the upper limit of the present sulphid:
accumulation,

As will be described fater in Chapter 6 os
construction and maintenance of pond farms. !
is possible to mimimize the harmful efiects o
acid soils, but it is ime-consuming and $xpens-
ive. However, in many tropical areas. the avail:
able sites for pond farms may almost all have
such poor soils and thers may be little choice
In sich cases sites that can more readily be
rechimed should be selected. Basically, re-
claiming consists of removing the source oi
acidity by oxidizing the pyrite from the pond
bottom and Aushing it out of the 10-15 cm

Fig. 4.5 Back-swamps wilh sccondary growih of mangroves = potential sitcs for aquafams ?:ca_.uu_..w

H.R. Rabanal).
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deep surface soil and preventing furiher .:_.N
{fusion of acids, sluminium salts and ferrous
salis from the subsoil, Acid and 1ONE clements
are also leached and removed, 11 1his s leasible,
the (arm can be made sultable for aguaculiure
within a penod ranging from 3 10 § veurs,
depending on the extent of the problem,

4.3 Open-water farms

Open-water aquaculiure includes molluse eul-
ture in shallow sali- and (resh-waler ureus.
seaweed {arming in coastal seas und pen and
cage culiure in sex and fresh-water bodies, As
is obvious, in selecting sites for such systems of
culture the muin considerations are the hydro-
eraphic und climatic conditions, In spile of
some limited success in extending certuin ypes
al nguaculiure 1o deeper und more exposed
Cousls. the most suitable and preferred urens
conlinue 10 bhe sheliered bivs. estunres,
lugoons, straits, lukes and reservoirs. protecied
from strong winds und rouph seus, While mod-
€rale currents and water flows ore Necessiry to
mainiuin water quality and removal of wusie
products from furm sites. frequent storms and
turbulent seas will make it difficul 1o practise
most types of uquaculiure. Winds will directly
affect culture installutions above waler, where-
as waves affect both the submerped structures
und the animals under culiure. In most cases
low current velocities are preferred,

In systems like the ones for botlom culiure
of molluses. the nature of the seu or river hed
is importunt. Suitahle stuble substrates ure
needed [or the altuchment of the animals. Mosl
modern open-walter culture is of the off-bottom
Lype. where the water conditions and yuality
ire more imporiunl,

Since molluse culiure is b
naural foad organisms that the molluscs filler
from the environment, it is essential (o selec
siles with high primary production, Though
Some experimental work has been done on
antificial feeding of cerain molluses. in com-
merciul farming production is dependent on
the growth of plankion or algae, In order (o
mitke natural fond available 10 the unimals the
current velocity should not exceed 5 em/s,

Even thouch controlled reproduction und
hutchery productinn of seed are possible in
molluse farming. in many plices aguaculiurisis

ased largely on

|
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. uch cuses,
e _,,_____.. _.._:“.__.._”“_._,r_”_..._._.._,_,“..a_ﬂ_n_ _“___Zn i§ un

i is ndvisnble 1o selee L N
abundunce of spat, A breeding 1:_:.”".“...,_'.”.:_ dﬁ_: ;

the species nearby i, ol course, _:.r_n. _1 ol .
I\ toes not necessarily follow that the __ The

settle in the immedinie neighbourhood, ]
lnrvie may be carried nway by 9_:.,.:,_._:. ,.._ﬁ,
sulficient sheliers nnd sultable curren _.._Fn., J !
ure necessary 10 keep the lurvae in the _“:.__. :
Field observations, supplemented by exper-
imental sput settinp, may be o necessary hasls

for u decision on site suitubilivy,

In the farming of seaweed such us liver
fertilizers are used 10 inereuse prowth. but
nuturally fertile ureas ure sill selected oy in
open-water situations fertilization can only be
4 complement 1o nutural productivity, Mave-
ment ol wuler prevents the increuse of pH
which cun be cuused by the consumption of
carban  dioxide in seaweed-growing  areus
Therefore it is necessary 10 seleel sites with
un udequute currenl. A current of about
10=30 em/s is considered suituble. depending
on the content of nutrients in the water, Walers
deficient in nutrients should have a current of
M em/s and those rich in nutrients ahout
10 em/s. Since periadic expasure of leafy thallj
is important for growth in some seaweeds. il is

necessary 1o select u place with a tidul runge of
1=1.5 m or more.

4.4 “Water guantity and quality
The availability of water of u
18 imponant for ulf sys
the quantity is purticy

Ppropridte quality
lems of nquiculiure. bl
larly important for lune-

bused systems. 1t is therefore necessary 1o |
investipale, us thoroughly as possible, {he
extent and seasonality of wier sources us well
us linbility 10 pollution, Since predictions hive
10 b= made of long-term waler conditions, il is
desirable to have dug for u reasonubly long
period of time, In ureas with controlied irri-
ealion, relibility of supplies can eencrally he
expected. This together with the availubility of

chenp electricity has made water manupement=== 4
._:E.—._ casy for fish farmers in Southern Chiny.

tnspite ol dense siacks of fish ynd heavy loading

of manures in pond furms. On Lhe other hand.

when rain-fed or. eround-water ponds ure used,
s in Eastern Indi, witer levels in the ponds
become danperously low due 1o .nn..._._..wnc:a

NI L}
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onths. when the
i 2__"__.““...- 3_”_.13:3 biomnss of
puncis e ..n:n_.__. w reliuble sources ol waler.
fish, Accens 10 OIhe Ik | reservoirs or
Ivers, strenms. JUKEs anc
guch ns rivers. sirei h can vield enough waler
even tube wells whie rise to succeed, Loss
ure exsential for the na_n_._._._,n_.__ Sralignviris
of Waler. Qe CAREE AL ___= the “_,:.n:.un loss in
cOmadermol . rted 10 b sboul 0,40, em per
Europe ls reparted 10, ions it may be s
| regions it may !
day, whereas in tropica d waler is
s r diy. When ground w
A LD Ll
pumping on the water table and possible lund
subsidence have 1o be considered. s e
The need 1o investigale the elevation ﬂ::
ranges of tides for coustal aquaculture =
ulrendy been referred 10, This is most importa
when tidal movements hove 1o be depended on
for filling and draining the ponds. The constant
flushing of newly constructed ponds 1o leach
oul loxic elements from Lhe soil hus also been
mentianed. It is believed that if pumping were
1o be used {or woler manugement. the costs of
construction of dikes und sluice pates would be
minimized and the ponds could be constructed
and aperated without disturbing the acid soils.
allowing & non-acidic loyer of sediment 1o
deposit on the bottom. 1n the long run. this
mny be mare economical, despite the increased
enerey costs. However, it will be necessary o
make rough colculations of the comparative
cosis before finally selecting the site und de-
ciding on the system of management 1o be
ndopied.
The temperature of (he water will be an
imponunt eriterion as to whether the species
selected can be cultured on the site. Although
in hatcheries und in systems with a recirculating
walersupply the temperuture can be controlled,
ILis extremely difficult, if nol impossible, 1o
do 5o at affordable cost in large pond furms,
__.:.Ezi:_.i._a_n heat can 10 a cenuin extent be
used 1o raise lemperature in aquacullure areas,
but very olien pructical problems of quality of
_.nm._,nn walerorirrepularity in uvailability limis
their use, EXCepL in well conirolled env
ments or where the animals cin stand consider-
uble variations in lemperature.,
mu:::.,. and variaions thereof ure also im-
Ponant environmenial fuciors which huve 10 be
tuken into uccount, mon_nmvnn,nmg,.

.A L e wide
salinity 10lerunce limits and it has been nojeq

Iron-

faster in sligy,
sh-waler fish grow Wy
that vaﬂ.n_hw_:a gome brackish-water fish fagg,
m_.___sqa: water, However. they still have ;_5,_
“”.:,__“ of tolerunce. Even if they survive, thelr

on may be nlfecied, For

mwﬂw_:___,__“_ :.n __“n._n...”m_u:_cwﬂ carp Mu n.._izz_w__ ‘nﬂﬂ._z__.. "
¥ linities ud [*5 Lk

nﬂ:anac_i_hnh:ﬁ_.ﬂ becomes lethal. Similarly,

__:m._wﬂp shrimp ( Penacus menodon ) can ._a_n“...

ate (.2 1o 40 ppt salinity, but grows weli only

between 10 und 25 ppt.

i 6, sulinity

As will be discussed in Chapter 6. inity
and waler lemperature are important 3..::42.
ations in deciding on the sites for :u_nzn:mu.
Not only do these require higher water quality

but the levels of salinity and water temperature
required for spawning and larval rearing may
differ from those needed for prow-oul to marke|
size. This may make it someumes necessary to
select separate sites for haicheries and grow-
out farms for certain species.

High turbidity of waler coused by suspended
solids can affect productivity and’ fish life. It
will decrease light penetration into the water
und thus reduce primary
would nuturally also affe

duction, In certain cases. oxypen defici

ency has
ulso been reporied as a result of a sudden
increase in turbidity. The aca_..nbn_nn.-o:na

clog the filer-feeding apparatus ang digestive
organs of plankionic organisms. The gills of
fish may be injured by turbid water, Although
the effect will depend on the species angd the
nature of the suspended matler, pronounced
ciiects are seen when the waler contains aboy
4 per cent by volume of solids. The "use of
turbid water in hatcheries should be avoided,

as it can greatly affect the hatching and rearing
of larvae. I

If it becomes necessary T select sites wiy
highly turbid water. which . o

s, d Nl types of fillers and repe
application of gyvpsum (2

nitially. followed if necessary by an additionyl
application of 50 g per 1X0 mY) have been
fecommended. All these will involve higher
cupital or o .

perational cost. but in-cases Where
there are no aliern

z alives the possibility of
u?ai..:w the costs will have 1o be examined in
feasibility studies. Improvements in drainape

production. This |
cl secondury pro-..
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from catchment arcas. often the cause of high

turbidity. may also be considered. S

Among other water nﬁu..___aﬁ criteria 0 ::._
portante in site selection are acidity an
alkalinity. The most suitable pH of water for
aquaculture farms is considered to lie in .:.n
range 6.7-8.6 and valus® abeve-or-below this
inhibit growth and ua.p_cnao?‘u::o:m: the
extent of their cffect will depend on the speaes
concerned and environmental conditions such
as the concentration of carpon dioxide or the
presence of heavy metals like iron.

The prevalence of low pH in brackish-water
areas and the problems of improving soil and
water guality in farms built in such areas have
been described earlier. Water of low pH is also
common in fresh-water areas with soils low in
caicium and rich in humic acids. Acid water
with 2 pH range of 5.0-35.5 can be harmful
1o the eges and fry of most fish and the adults
of many. Acidity reduces the rate of de-
composition of organic.matter and inhibits
nitrogen fixation. thereby affecting  the
overall productivity. .

The most common method of Bﬂmﬁ_am._ni
pH is by liming t0 neutralize the acidity. The
dose will depend on the pH value and the
chemical composition of the s.uﬁ_...nm_unn"m:m
the concentration of calcium bicarbonate
[Ca(HCO;),]. 1t also will depend on the type
of lime applied. The relative quantities of quick
lime (calcium oxide, Ca0). m_mr.nn lime or agri-
cultural lime (caicium hydroxide, Ca(OH)2)
and limestone (calcium carbonate. CaCO .....w
required will be in u_.__uvm_.:_o_m _Hm ﬁ.umn
respectively. The actual dosag be
nnmnuanonw. by titrating the water fo neutrality
and calculating the equivaient amount of lime
to be added. The additional costs involved will
have to be taken into account before selecting
sites with acid water. ; P

High pH. indicaling excessive alkalinity, can
1. Howevee, it should be _,.o_ﬂ_
roductive water pH may reach higher
values of 9 to 10 due to Bn.zmen of carbon
dioxide during photosynthesis 1n the daily pH
cycle. This is why it will be better to take pH
measurements before daybreak to determine
their suitability for aquaculture. A pH level of
11 may be lethal to fish. g

Toxic substances in water supplies can affect
aquaculture,  particularly in hatcheries.

ad
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Liebmann (1960) summarizes the threshold
Jevels of toxicity and maximum permissible
concentration of toxic substances in indoor fish
hatcheries, as shown in Tuble 4.2,

v

4.5 Sources of pollution and user
conflicts

As indicated earlier, it is essential to investigale
any existing or potential sources of pollution
and the nature of pollutants that are likely to
affect the water supply to the proposed farm.
Thorough local enquiries will be needed, as the
situation at the time of the site selection studies
may not represent conditions at other times of
the year. Therefore data for previous years
should also be examined as far as possible.
Certain types of organic and harmless wasles

Table 4.2 Threshold of toxicity and maximum
permissible concentration of toxic substances in the
water supply of indoor fish hatchene:. ‘

Substancc Threshold Maximum
concentration permissible
{mg/l) concentratiun

(mg/l)

Ammonia n.2-2.0 .03

DDT n.m=u.1 ahsent

Calcium brsuipnate™ =60

Calcum chlonde TH0=12000

Potassium chlonde F00-5210

Potassium sulphaie = 1000

Magncsium chionde 3000=15 00 20

Magnesium niraic 10(xx) 15

Magncsium sulphate 300K 50

Manganese (nitrate. 75-20 5

chioride, sulphatc)

Copper (compaunds) 0.08=0.80 D005

Sodium bicarhonale 5000

Sodium carbonale 200-500

Sodium chioride 7000—15 (00

Cadmium 3-20 0.3

Ozone M___.”.._u ;

Wﬂ._.nn.zsqwn 0.01-0.012 absent

m_.__v_.—Eﬂu : 0.4=-4.0 ““

Hydrogen sulphide 1.0 =.=_

lron (compuunds) 0.9-2.0 A

Phenol 6-17 0.00003 _

Formaldchyde 15-X . =

.F.Ea_._. _w 1=10

nonc )

mﬂﬁﬂﬂn ; 0.05-04 abscnt

Carbolincum o

Zinc (compo unds) a._lmb 0.005 =

Mo s
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can be used to increase the productivity of
aquaculture furms. The use of waste heat in
temperate and cold elimates has already been
referred 1o, Sewage effluents and properly
treated animal wastes can be used ...:.an.:.___w.
to fertilize ayuaculture farms in order to in-
crease the growth of food organisms. However.
it will be necessary to incorporate such uses at
the design stage of waste disposal (in order 1o
render the wastes readily usable for aguaculture
purposes) as well as the aguafarm (to provide
for controlled use of the waste material in the
appropriate form and doses to enable its safe
use). The likelihood of discharges from facilities
used for intensive aquaculture palluting public
water bodies and spreading communicable
diseases from farmed stocks to wild stocks
should also be considered. Though”these can
be prevented in well designed and managed
farms. there is still the possibility of such
arguments being used by neighbouring com-
munities who are not very apprecative of the
use of the selected site. 3
In open-water aquaculture. particularly cage
and pen culture of fish and stick and raft culture

of molluses in lagoons. estuaries. bavs, fords
etc.. there is o likelihood of the ormanic load
from metabolic wastes of cultured organisms
and unused feeds accumulating, sometimes
giving nse to a high biovlogical oxygen demand
and accumulation of taxic gases. The pattern af
water flow may also be altered. It will therefore
be necessary 1o consider ways of preventing
this and avoiding conflicts with other uses of
the area. such as mavigation. recreation and
fishing.

Some of the major considerations in re-
claiming mangrove swamps for aguaculture
have been discussed earlier.-From what is
known of mangrove ecology and the effect of
reclamation. it would appear that if properly
planned. clearing of mangroves retaining a beli
of at least 50 m along the coast ensures (hat
their ecological functioming is ummpaired. |
has been sugzssied that cleanng of mangroves
should be done without changing the general
morphology of the arca. leaving for every
hectare of mangrove cleared at least thres
hectares untouched. for conservation purposes.

Conflicts may arise with agniculture, as for
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4 Aquaculiure:

example rice farming. in areas where for econ-
omic reasons nice fields may be converied into
fish ponds. However. if _._u:.o:u_ priorities
require that they be used for rice nc_:.—.ﬂ:_o?
the possibility of integrated rice field aquu-
culture could be considered. In areas where
crop/livestock/fish integrated=farming is poss-
ible..confiicts with agriculiure communities can
be minimized by adopting such practices that
will add to the mcome of the farmers.

With the expansion of aguaculture. many
governments have brought in systems of licens-
ing to regulate the enterprise. Where no such
unified repulations exist. very often the pro-
spective farmer has 10 obtaim permits and clear-
ances for his project from a number of agencies
(see Chapter 3). Nawrally these lepal and
administrative matiers will also be major con-
siderations in the selection of siles for
aquacullure.
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Selection of Species for Cuiture

Jhingran and Gopalukrishnan (1974) include
about 465 species. belonging to 28 families of
plinis and 107 families of animals. in &
calalogue of cultivited aguatic organisms. I
would probably be possible to culture almost
all ayuanic organisms. but the main consider-
ation is whether it is worth the effort and how
far they cun contribute (o the main objectives
of aquaculiure (see beginning of Chapter 3).
The avuilability of a larae number of dgua-
cullure species adapted 1o different environ-
mental conditions is an advantage. as it will
often be possible 1o choose from locally oc-
cumnng species and ovoid the introduction of
€xalic ones for culure. However. this also
meuns that aquaculture misses the advanlages
thal crop and animal production have had in
n_,m:n.z__cqn” of concentrated reseirch on a few
species thal hus led 10 the development of
advanced technologies of production. and of
selecied high-yielding striins and hybrids. The
history of agriculiura research indicates Lhe
hme and effort that are needed 10 develop such
E_nr,::_:w..nm. The scicnee of aguaculiure (as
c__./.E..n_ from iraditional praclices). which is
R_.._.P:_n:. new. will probahly Tequire a longer
period of time 10 reach that level of adviance-
ment if efforts have 10 be shared among so
miny species. I has (o be remembered that
long traditiony) expericnee and scientific re-
zﬁ:n:,. 50 far. have actually succeeded in
domesticating. in the sense ofanimal husbandry
Praclices. anly a small number of speeies like
Wie troul. common Sarp and salmon. Howeyer
one can clearly see i tendeney towsirds :_._..:En.
the number of Speeies in lirpe-seale commerciyl
Aquaculture. unlike in aquaculiure :..r,n:_.n.:
;.r.n?.‘:: incTeasing number of species are still
being investigaed. .
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Despite the-vaiue of jimiting species for cul-
ture for speedy technological advancement, it
has 10 be recognized that there 1s a teal need 10
have species suited for different environmenta!
conditions and  economic circumstances.
Species have to be selected according 10 the
objectives of cullure. for exampie mcreasing
protein supplies 1o the poor, €xpon to earn

foreizn exchange or wasie r ciing j
i
polyculiure system. AL

5.1 Biological characteriss;
aguaculture species = S

>5u?«§ﬁnqw=n~
suitability of a species rﬂ. geterm

of ",wo..ﬂ market vajue,
make their culture Economyj

se .om heated waicr naﬂ%. _mn.._n.mr_d:m: the
SPecies can be i o oy

s mproved. b :
oul using such _.:na.o.._m,rumc.p.“u Mmercial prow.

Successful. In wi_..nﬁ_n. a f; - e b
",,v..s._zna in many _vanﬂﬂuwm% s
© ETOW to marketable size in a sh e
Hur:n 1L_rossible 10 have more N
itrvests. The size ang age at firg g
also an _Evo:u:_,oo:mmnu..:p,

prefenible (o hyve them ren faans el =
before they attain it ‘
of the feed ang
Lrowth. Early m
:—.u__u_,.m::..;r..r.ncr...m for hatch
but earjy malurity before _:n =y
_.:.:Aqrn_cr_n size will also be M. H
48 10 the case of tilapia vﬂﬁﬁ....mn-.nﬁ g
It tenainly Preferable o nn_.::n a

Ecl_u\ wou

sSpecics
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..ﬂﬂ““_..u_ﬂ_“.m...._.w”nz: hatchery production of sced
in adequate quantitics, I L s & species that
matures more thian once & year, it should be
possible to have several crops of seed and
possibly adults. if other conditions are suitable.
High fecundity cin be an advantage, as also
frequency of m_.z_s._.._ma.xzn,.nq small-sized
egesand small larvae make hatching operations
more difficult. A shorter incubation period and
larval cycle often contribule Lo lower mortality
of larvae and greater survival in hatchenes.

Larvae that would accept artificiul feeds
would be easier to reqr in hatcheries, The
raising of live foods is comparatively mare
difficult and often expensive.

In cases where controlled breeding tech-
niques have not been perfected, the aquacul-
turist may have to depend on seed available
from the wild. But as has been experienced in
many siluations. it proves to be an unreliable
source in larpe-scale farming. as their abun-
dance in nature Uepends on a number of unpre-
dictable factors. Further, large-scale collection
of wild spawn and fry has given rise to conflicts
with commercial fishermen, who ascribe the
decline in catches of the concerned species Lo
the removal of early stages, despite the lack of
any scientific evidence. So. even from a public
relations point of view. il is better to select
species that can be prapagated in hatchenies
and to start hatchery production as early as
possible.

In modern aguaict | .
maior_elements of cost of production and may

aculture, feeding is.one of the

amount to 30 per cent or more. quEc:.u_
requirements of aquaculture species are dis-
cussed in Chapter 7. In most traditional aqua-
culture practices, herbivorous or Omniyorous
species have been preferred as they feed on
Tiataral food organisms in water. the growth of
~which can bé enhanced through fertilization
and water management. In such cases, the cost
of feedine will be relatively low and because of
this, species low in the food chainare preferable
for the production of Jow-priced products.
However, even with such species. supplemen-
tary feeding with artificial feedstufts has to be
adopted in intensive culture systems- The feed
efficiency in relation 10 growth and productivity
then becomes an important critenon. Some of
the low trophic level feeders can also be highly_

Aquaculture: Principles aned Practices

selective in their feeding habits, us in (he case
ol ::n_.-#np_r.? that require plankion of o
particularsize and shipe. The need 1 grow (he
species .r._. __q.z;r._ .,”2 within u limited season
or period often makes it "y \

artificial feeding, S U Ll

Curniyorous species gencrally need a high
protein diet and are therefore considered to be
more expensive 10 produce, even though the
costs will-depend largely on local availubility
and price of the required feedsuffs. To com-
pensale for feeding costs. most camivorous
species command higher market prices. Such
species generally have greater export markets
and thercfore attract substantial investments.

Species that are hardy and can tolerate un-
favourable conditions will have the advantage
of better survival in relatively poor enviran-
mental conditions that may oceur occasionally
in culture situations. The temperature and
oxygen concentration can fuctuate in ponds
and other enclosures and deterioration of the
warer qualily may occur unavoidably. In such
situations, hardier species will obviously fare
better. Besides the possible effects of poor
water quality on the candidate species, it is
also necessary to consider the infiuence of the
species on the environment. Soil erosion Lhat
may be caused by the feeding habits of carp has
been referred to in Chapter 2.1. Species that
easily escape into natural bodies of water and
upset their ecology would need special protec-
tive measures, leading lo higher costs and
environmental concern.

Inintensive and semi-intensive culture. dense
populations are confined in a limited space.
In such cases, behaviour patierns of species
in confinement are of special significance. In-
creases in transmission of disease, capnibalism
in the early stages and accumulation of waste
products are related (o overcrowding. Species
that have better resistance.tosuch unfavourable
conditions are better candidates for culture.

5.2 Economic and market
considerations

i i i important or
Economic considerations are as impor
éven more important to an aquaculiurist than
biological fagtors in_the selectionofspecies 10
be cultured. Many of the relevant factors have

already been referred (0 in Chapter 3 when .

-

Sclection of species for culture 3

discussing national priorities and investment
requirements, The availability of proven
technologies of culture, backed by economic
viubility, should guide un investor or an aqua-
culturist in the selection of n species or a culture
system. Despite the scarcity of this type of
informution and the variability of economic
returns of enterprises, it is of such crucial
importunce that even incomplete information
from actual commercial or pilot operations
would be .useful in validating available
experimental results,

Consumer acceptance and availability of
.__._n_._ﬁ,_m for the species are very intimately
interlinked with the economics of raising them.
There are several instances where culture tech-
niques were i existence for many years but
never resulted in any large-scale production

until new or improved markets developed. .

whether for domestic consumption or for
export. Markets can, of course, be developed
in places where none existed for a species. but
this would require very considerable ime and
effort. Public and/or private organizations will
have to undertake very intensive promotional
activities 1o achieve this in‘a reasonable period
of time.

The above considerations appear to be the
main reasons for the widespreud interest in
introducing exotic species. The concerned
species are generally those for which estab-
lished culture technologies exist and the econ-
omics of production and marketability have
been demonstrated.

5.3 Introduction of exotic species

The advantages of limiting the number of aqua-
culture species and the scarcity of really dom-
esticated species for culture have been referred
to at the beginning of this chapter. The econ-
omic and market considerations that create
interest in the introduction of exotic species,
have also been mentioned in the previous
section._Cqpnsidering the natural geographic

~Tanges of Ustribution of proven species. there

is a strong argument for introduction and trans-
plantation of exotic species where necessary.
However, the problem very oiten is how to
decide whether it is necessary and. if so. what
procedures and precautions should be taken to
prevent possible undesirable consequences.

. History reveuals that several indiscriminate
introductions and transplantations have been
made in the past for establishing sport and
commercial fisheries. for ornamental purposes
and for biological control. Some of them huve
had detrimental effects on the local fauna and
have contributed to the spread of communi-
cable diseases. There is no gainsaying the need
for preventmg such consequences by following
appropriate procedures and effective national
regulations. However, expanding aguaculture
may find it very difficult to avoid the intro-
duction or transplantation of species, or selec-
ted strains of local species, for experimentation
or commercial production. Munro (1986) lists
some of the aguaculture species that have
already colonized outside their historical distri-
butional range: Ltlapia species, cypnnids
(common carp. Chinese carps), rinbow trout,
walking catfish. Japanese and European oysters
and fresh-water crayfish ( Pacifasiacus sp.). Tne
maijority of them have been itroduced for
valid reasons, but it is most doubtful whether
any of these or other successiul introductions
have been preceded by detailed screeming
procedures. -

Turner (1949) supgested criteria to be con-
sidered in introducing new species. The species
should

(a) fill a need. because of the absence of 2
similar desirable species in the locality of
transplantation: :

(b) not compete with valuable native species
to the extent of contributing to therr
declines

(c) not cross with native species and producs
undesirable hybrids: |

(d) notbe accompanied by pests., parasites or
diseases which might attack native Species:
and .

(e) live and reproduce in equilibrium with its
new environment.

The basic logic of these critena is still valid
and organizations such as the Amencan
Fisheries Society (Anonymous, 1973) and the
[nternational Council for the Exploration of
the Sea (ICES, 1972 and 1979) have tried 0

for criti on
ments for critical nﬁ_ﬁ_
strengtien the argy g

- and propose methods of ocsi.._m,, i roduc-

for predicting the consequences O
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Family Species

Agquaculturc: Principles and Practices

Common nume

Carangidae Seriolu quingueradiatu

i Trachinotus carolinus
Trachinotus fulcatus
Trachinotus goodei
Esox lucias
Lucioperca-iucioperca
Sigunus canaliculotus (= orarmin)
Siganus rivulatus
Siganus lurida
Siganus vermicularus
Laes calcarifer

Esocidae -

Siganidae
(= Teuthidae)

Centropcmidas

Serranidaz Dicentrarchus labrux

Epinephelus tauvina

Epinephelus akaara
‘Morone saxaulis
Sparidas Pagrus major

Sparus aurala
Tilapia andersonii
Tilapia aurea
Tilupia hornorum
Tilapia melanotheron
Tilupia mossambicu
Tilapia niloticu
Tilapia spilurus
Tilapia rendalli
Tilapia zillii

Fugu rubripes
Fugu vermicularis

Cichlidas

Tetraodontidae

Crustaceans -

Penaeus aziacus
Penaeus duorarum
Penaeus indicus

Penaeidae

{ Pengeus japonicus
==L Penaeus monodon =
Penaeus orientalis (= chinensis)
Penaeus merguiensts
/ Penaeus penicilloius
Penaeus kerathurus

Penaeus schmitli
Penaeus semisulcatus

Penaeus notialis

Yellowtail
Pompuno,

Florid pompuno
Allantic permit
Permit
Pike
Pike perch
Rabbit fish
Rabbit fish
Rabbit fish
Rabbit fish
Sea-bass,

Asian sea-buss
Sea-bass,

Mediterranean sea-buss
Estuarine groupsr,

greasy grouper
Red grouper
Striped bass
Red porgy,

Red sea-bream
Gilthead sea-bream
Tilapia
Tilapia
Tilapia
Tilapia
Tilapia
Tilapia
Tilapia
Tilapia
Tilapia
Pufferish
Pufferfish

Brown shnmp
Pink shrimp
Indian shrimp,
white shrimp
Kuruma shrimp
Tiger shrimp
Orizntal shrimp
Banana shrimp
Red-tailed shrimp
Mediterranean shamp.
triple-grooved shrimp
Southern white shrimp
Green tiger shrimp,
bear shrimp

"

-

. Family
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Common name

Palaemonidae
Nephropsidae
I

Astacidas

Scyllidaz
Portunidas

Molluses

Arcidae

Mytilidae

Aviculidae

Ostreidae

Penacus setiferus

Penaeus stylirostris
Penaeus vannamvi
Metapenaeus monoceros
Metapenaeus brevicornis
Metapenacus ensis
Macrobrachium rosenbergii
Homarus americanus
Homarus gammurus
Astacus astacus .
Procarmbarus clarkii
Pacifastacus lentusculus

- Pucifastacus acutus

Oreonectes immunis
Cherax tenuimanus
Cherax destructor

Scylla serrata

Portunts trituberculatus
Neprunus pelugicus
Paralithodes camchatica

Anadara granosa

Mytilus edulis

Myrilus galloprovincialis
Mytilus crassutesta
Perna perna

Perna viridis

Perna indica

Perna canaliculus
Crassostrea angulata
Crassostrea rhizophora
Crassostrea tredalei
Crassostrea luiipa
Crassostrea brasiliana
Crassostrea belcherii
Crassostrea virginica
Crassostrea plicatula
Crassostrea rivularis
Crassosirea gigas

Crassostrea commercialis
Crassostrea glomerata
Ostrea edulls

Ostrea chilensis

White shrimp.
common shrimp
Biue shrimp
White shomp
Shrimp
Shrimp
Shnimp
Giant freshwater prawn
Amenican |obster
European lobster
European noble crayfish
Red swamp crayfish
Signal crayfish,
American crayfish
White river cravfish
Paper-shell crayfist
Freshwater cravfisc
Freshwater crayfish
Swimming crab
Blue crab
Blue crab
King crab

Blood cockle.
blood clam

Mussz|

Mussz|

Black mussz|

Slue mussz|

Green musse!
Jrown mussel
Green mussa|
fortuguese oystar
Mangrove oyster
Shipper oyster
Mangrove oyster
Mangrove oyster
Mangrove oyster
Amencan oyster
Chinsse oyster
Chinss= oyster
Japansse oysier,

Pacific oyster
Sydney rock oyster
Auckland rock oyster
Flat oyster,
European OYSter,

Chilean oyster
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Design and Construction of Agquafarms

Some of the basic information required for
designing an aguaculture farm would have been
collected at the time of dstermining the feasi-
bility of the project. However, further invesLi-
gations will usually be needed for designing the
most appropriate lay-out, construction methods
and operation. The design of the farm and its
construction are as important as the selection
of the site in ensuring the success of the project,
both technically and economically. Asindicated
earlier, the ideal sites may not aiways be avail-
able. Deficiencies of the site will in most cases
have to be made up by suitable designs for
construction and operation. Though engin-
eering designs may be available to meet the
requirements of aquacuiture in almost any ad-
vers conditions. the economicsand practicality
of using them for commercial aguaculture ren-
der them of littls help. In fact, the designs
normaily used in water or imigation engin-
eering works cannot be used without very
considerable modifications for aguaculture
constructions, because of the costs involved.
This applies especially to pond farms which
account for a very good proportion of present-
day aquaculture.

As pond farm design is so site-specific. one
cannot conceive of a design that can be of
universal use. However, some of the major
design features can be defined on the basis of
the site physiography, the source and nature of
the water supply. type of stock enclosures (o be
used, organisms to be cultured and the tech-
niques of management, including feeding or
food production and harvesting methods.
The detailed investigations mentioned earlier
should be directed towards obtaining the basic
information required to determine the appro-
priate design features.

4

-
]

6.1 Inland and coastal pond farms

6.1.1 Data for pond farm design

Since the majority of aguaculture installutions
at present are land-based pond farms, we may
first consider the procedures for designing
those. Despile the similarity of busic principles
involved, it will b= convenient to consider
inland fresh-water pond farms and coastal
brackish-water or salt-water pond farms
separately. mainly because of the differencesin

operational details.
As already indicated. the investigations prior

to farm design will depend on the extent of
information collected during the preliminary
feasibility studies. The meteorological data re-
lating to mean monthly temperature, rainfall.
evaporation, humidity, sunshine and wind
speed and direction should already be available.
A contour map (scale 1:25000 1o 1:50000) of
the area will be most useful in determining
the catchment area of the site and its relative
location. A soil or geological map, if available,
would be useful in studying the subsoil at the
site.
Detailed investigations may. be necessary
with regard to waler sources, soil characteristics
and topography of the site. Topographic maps,
if available, are likely to be of a small scale,
which would not allow all the relevant features
to be refiected. Therefore a new or updated
map will have to be prepared showing the
nature of the ground relief and its charcter-
istics. such as differences in elevation, location
and measurements of boundaries or fences,
physical facilities if any (such as buildings,
roads, canals, bridges), etc. [t will assist in

determining the direction of water movement, -

-l
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structures, will be needed. The soil tests should

location of water control structures and quan-
be Lo estimate

tity of earthwork needed. There are 2 number

of methods used for surveying the land. such as

(a) seepage loss.

(b) under-seepage conditions and the hazard
of piping failure,

(c) stability of dikes constructed with the soil.

(d) the degree of compaction needed.

(a) gridding. |
(b) plane tabling, _
(c) cross-section method with  transverse

survey,
(d) radiating lines method with transverse (&) the permissible flow velocity in the zarthen
. surveyand - - supply channels and
(e) tachymetry. (f) the foundation requirements of the
structures. -

Among these, tachymetry is r=latively rapid
in field surveys and more versatile in that it
can be used for surveying all types of areas.
Methods like zridding and plane tabling are
more suited for relatively fiat land. and the
others cited above are especially useful for hilly
terrains (Kovary, 1984). For field surveying a
temporary bench mark with a convenient datum
should be established. The location of this
bench mark should be marked on the contour
map and all the elevations of embankments,
canals, ponds, structures, buildings, erc. set
out from it. The contour map, which should
show any structures observed or measured on
‘the land, should preferably be scaled at 1:1000
‘to 1:3000, with contour lines of 10-25 cm
vertical spacing, so complete pond drainage
can be designed and earthwork volume esti-
mated with the required accuracy. If the pro-
posed construction is an extension of an existing
farm, the cross- and longitudinal-sections of
the adjacent ponds, drains and channels should

Soil on potential borrow sites within econ-
omical hauling distance should be studied to
determine the nature of th= soil available for
building embankments. The embankments for
the farm have to be built with cohesive soils
that have adequate plasticity (generally deste-
nated by the plasticity index — 2 measure of
the interaction berween water and the cohesive
plastic compenents presnt in the soil), as for
example soil with-a piasticity index above 13
per ceat. Such soils should be checked for their
susceptibility to long-term changes in per-
meability caused by atmospheric factors, such
as the development of stable deasity or aggre-
gation of particles. The losses that are likely
lo occur due to under-seepage and infiltration
have (o be determined using standard methods.
To estimate long-term losses through sespags
it is necessary to take into account the ssdiment
content of the water supply, which along wilh
decaying debris, pond wastes, algal growths,
etc.., would cause natural sealing or colmatation

be obtained.
in the course of time.
i While embankment stability can be deter-
Soligucity mined by standard methods of soil mechanics,
the assessment of the possible long-term per-

formance of structures is more difficult. Due to

The soil characteristics of impartance in site
their relatively small size and the practics

selection have been described in Chapter 4.
Based on the results of feasibility investigations, S ! g
the extent of further soil samplings required  of repeated draining and filling, there & the
will have to be determined. - greater possibility of entire embankments of
farms becoming desiccated, causing Cracks {0
the embank-

One or two sample stations to each 2 to 5 ha |
of site should==na=quate if the soil conditions  develop and entry of water into ! =
are uniform. |f not, more sampling stations will  ment at imes of rain or pond filling. The sol

will than swell, but the extent of swelling atany

particular point will depend not only on the
swelling potential of the soil, but also the mag-
nitude of the confining pressure by the sur-
rounding, especially overiying. soil masses.
Repeated drying and wetting, and therefore

be needed. The minimum depth of a bore hole
for soil sampling is suggested to be 2 m below
the deepsst intended excavation of the project
area. For the building of special structures,
such as large water towers, greater depths
of boring, commensurate with the size of the
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shrinking and swelling, will produce a stable
density distibution. with higher densities in
the interior of the cross-section. MN__,.F.A&.
(1984) describes the adverse effects of drving
and rewelling fish ponds. The cracks formed by
drying facilitate the entrance of water into the
body of the embankment. The cruck fuces ure
saturated and the moisture penetrates into the
interior by capillary action. The saturated pirts
become aimost impervious (o air angd the air in
the pores comes under the combined pressure
of the eapillary action and the hydrostatic pres-
sure of underwater pans. This pressure on the
confined air leads 10 spalling and subsequent
sudden liquefaction of unprolected slopes. If
water fiows through the cracks. the liquefying
soil will be scoured al a fasier rale. resulting in
the development of cully or tunnel erosion,
which is oflen the cause of fuilure of small
embankments.

Besides careful exploration of the surface
laver of the area where the ponds and water
supply canals are planned. the soils along the
canal traces should be invess led also for
their hyvdraulic Praperties 1o esumate slope in-
clinations and the allowable (non-scouring)
velocity of flow in the canal. The sequence of
Soil strata down 1o the first impervious laver
shauld be determined as iaccurately s possible.
Il the soil is Impenvious at least 1o (L6 m
thickness below the desipned deepest botiom
level in the ponds or the drainage channcls. no
further exploration may be needed. In view of
the difficulties in ohtaining fully undisturhed
soil samples for laboritory tests, field per-
meabi Studies are recommended in the
vicnily of each exploratory borehole by the
infiltration methog,

The buildings und other structures on fish
farm sites are generally small. and so the jogds
acling on the foundation are nay likely 10 be
larpe. In cases where these are 10 be huili on
newly filled sites, special care should be 1aken
lo avaid damage due 10 future soil subsidence.
The standard Sounding methods used by
building engineers should be applicd. L

While there is na gainsaving the Importance
of careful soj] studies in plinning aquaculiyre
farms. it has also 1o be remembered thag Jup-
oratory tesis for desien vajues of soil strength
dre cog - Even when done, the engincer by
10 use hj Judgement 10 decide whether 10 uge

—m—

it for the type of constructions involved in &
pond farm with low dikes and dams. Because
of this. In countries like Icz_raa._. aquaculiure
engineers use special practical .E_ar.__zn.,_ based
on local experience for the construction of
dikes, levees and dams lower than 3 m in

height and retaining less than 3 milligrem—

waler (Szilvassy, 1984),

Special features of sails on costal sifes, es-
pecially mangroves have already been discussed
in Chapter 4. The presence of large quantities
of organic matter in the soil. particularly man-
ETOVE rooLs. is a special problem 10 be reckoned
with in pond design and construction in coastal
areas. There is a growing body of opinion in
favour of leaving the pond beds undisturbed
without any excavation and. depending on (he
flocculation angd settling of sedimenis brought
in with tidal wuler. 1o build up a thick lop layer
on the bed 1o reduce yucig soil problems. In (hyy
case. soil to build the embankments has (o be
obtained from outside (he pond limits. If &
mechanical means of construction is planned.
the necessury cohesive soil should be availuble
within reach of drag-line excavators or simi
equipment, working from the embankmen|
base. If manual means of construction is the
chaice. it may be possible to cut soil into hlocks
and transport them on rafts or flat-bottom boats
at high tides 1o (he pond site. Besides the
comparative costs. (he construction time hag
also (0 be taken ino iaccount n- makinp
decisions,

Water supply

The chemical praperties of the water source for
the farm and the sources of pollution. if any,
would already have been studicd during -si
selection. Very ofien, further inform;
would be needed on (he quantity of water
required, al the desipn stipe. For a fish pond
with an average depth of 1.5 m the amount of
wiler required to fill it injti VIS 1S000 mY/ha.
Loss through seepige and evaporation varies
considerably between arens. In an arid climate,
the average Joss during 1he ETOWINg seuson
could amouni (o =2 em/day or more. With
Proper management. the 1ol minimum quiin-
lily reguired for filling and lopping under such
a situation is estimated (o he between 33 (kK
and 60000 mY/ha per year. The size of the furm

Design and consiruction of aguafarms

should naturally depend on the quantity _._M_.
water uvailable during (he —_.n:.a; ioanana_‘. s.
When the source of supplies is a m:nz:.r i
will be needed on (he stages and flow rates _“o
be unficipated at the diversion pout: p_m_us_on‘.
periads.of pond filling and (or compensa e
wiler losses. 11 has been recommended thi
flow rates should be designed for K per cent
probability. ,

In areas exposed 10 floods. data on design
fioods und discharges will be required. Waler
control agencies can generully provide values
for probability of occurrence of the design
fioad. but in cases where such values are not-
aviilable. it has been supgested that 1 per cent
probability of occurrence (that is once in a
hundred vears) should be adopled as the design
lood for the spillway of a dam. In the case of
smaller dams with a design volume Jess than |
million m* und of ponds with a water area less
than 20 ha built farther aw iy from human
settlements. where the dike failure would not
cause other losses. a flood of 3 per cent prob-
ability may be adopled as the design fiood. The
runofl of the water catchment urea of the site
should also be calculuted 1o determine the
cupacity of the farm reservoir or ponds. Data
on the peak vulues of monthly evaporation
and rainfal] are Necessary 1o estimate waler
demand.

Estimates of the annyu| volume of sediment
entering the ponds would be necessary (o de-
lermine desilling Tequirements: or in cases
where it is planned 10 build up a lop laver of
SilL, 10 estimate (he time 1t will take for if (o be
hed. Again, where 1he waler turbidity
is undesirably eh and separate sedimentation
tanks are required 1o reduce it, this information
15 essential. One of the problems in pands filled
from natural hodies of waler is {he entry of
extrineous fish and other OTEanisms in the eag
or larval stages with the Waler. even when (hs
inlets are protecied by small-meshed screens.
Filiration of such Willer (0 remave pests and
predatars s extremely difficyl; and expensive.

— o . .
| In spectl cireumstinces. when considered cs

sential. sand or other filiers may be designed
iecording (o the size ynd quantity of sediments.

The use of waste waler. including Sewige
¢liluents, 10 irrigate and m..n_.z.._,.n«,._i.n:n:—.:.,.
of ponds is ain ﬁ?:.m.:a:..:...ﬂﬁ:... fish culture
15 used NOW in muny plages a8 an - efficient

means of recvcling organic wastes, Refere, ¥
has already been made lo :,_n. use of heae
waler effiuents from power slatons in lemper.
ale and cold climates. The main problem wix
the use of wasltes is the possible developmen,
‘of anoxia in ponds. due 1o EXCESSIVE Orpanjc
loading and contamination with loxicants and
heavy metals. The risk of transmitting bacteria]
and viral pathogens through the use of domestic
wasles has received some attention. I has been
shown that under conditions existing in fish
ponds, actual reduction o._, pathogens occurs.
Due 1o high photosynthetic rates, such ponds
have high dissolved oxvgen contents and high
pH values. which increase the rate of disinfec-
tion of coliforms. Investigations have nioy vet -
found evidence of the transmission of any
human bacterial diseases through fish. Even
though fish do not suffer from enterobacterial
infections. the possibility still remains that fish
cun harbour bacteria in their alimentary 1racr.
tissues and mucus and hence serve as passive
vectors of pathogens. Experimental Studies
made on anificially infected fish have shown
that by holding them in clean water for an
adequate period of time they can be cleansed
of pathogenic vibrios. Depuration is ofien
practised in waste-water aquaculture. So. if the
use of waste waler is planned. necessary facili-
Lies will have (o be included in the farm desipn.
Similarly. possible measures should be adopted
10 avoid incorporation of 1oxic substances, This
cin best be done at source. Detergents are
often difficult 10 exclude from domestic ang
municipal wastes. but ag least their concen-
tration should be Kept under permissible limits.
The lethal limits of delergent for common carp

is Teparted 1o be 10) PPm AES (alkvibenzene

cumulation of heavy metals from wasle water,
unless the concentration js very high. Experi-
ence so far seems to show that even when there
IS some accumulation, it is generally within
aceepted standards for safe yse.

Public attitudes 1o cating products grown in
waste walter, particularly sewage effiuents, can
be u problem and salutions have 1o be found on
the basis of socio-cultural ambience and should
include public education ang product pro-

0
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— s likely to be constructed.
gauge, which can be 2 measuring stake driven  fresh-water installations may have to be done
“into, the ground, the point at which the water in different locations and the smolt transported
Jevel was lowest should be marked. The O and acclimatized for salt-water culture or for
“datum level, correlated with the lowest water sea ranching. .
The other input production facility that may
usion in the farm design

.___infrpnt of thearea
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motion. In modern aquaculture, only pre- established by running a level to a permanent
treated wastes are used. In some cases, the use  marker near the site (o be developed. The
o?.uﬂn.mmuéana in the final grow-out stages ~ elevation of points within the arca cun be
and when there is possibie exposure (0 Wisic measured as reckoned from the dutum phine
water at that stage the product is depurated for Ui considered uneconomical (0 excavile :.:P”
an adequate period before marketing. These than 50 cm for pond construction. If this i
age some of the measures thal could help in needed it will be better fo resort lo pumping,
amn::w comsumer concerns. rather than depend on tides for water m=_._1_n,,
and drainage. ’

Salinity and tidal fiows in coestal farms
coastal pond farms ‘the most Eea of hatcheries and availability of other
eeded are the seasonal vari- RaPs
f the water available-and - The essential datatequired for hatchery design
o reduce salinity when would become available through some of the
ds have to be filled %ﬁmnmuzca_.:n::onn;Bz_.n_umizmn:%_n..
using tidal energy, detailed studies are needed  Decisions as to whether a hatchery, together
o determine the stage/duration/frequency with nursery facilities, should be established in
relationship necessary for engineering designs.  thesame farm complex or in adiffzrent locality
Conrinuous data foras longa period as possible  have to be made on the basis of the site con-
from the site will be necessary (0 verify caleu-  ditions, water quality requirements. ease Of
lated values from _available tide tables and operation, security, ele. As mentioned in
observations during feasibility studies. For de-  Chapter 4, in certain types of coastal agqua-
culture. as for example shrimp culture, the
high salinity water for

signing proper water management in tide-fed
10 determine the ground  need for unpolluted
hatchery operation may make it necessary 10

ponds, it is necessary
y approximales the
llations nearer to the sed,

For designing
important data n
ations.in salinity O
acress 1o fresh water @
required. When the pon

elevation, which actuall
tidal levels of mean lower high water or of site hatchery insta
mezn hich water at neap tide. If possible. the rather than in the brackish-water areas where
measurements should be made when the lowest  the grow-out ponds may be located. Similarly
he year occur (which cin be for the giant fresh-water prawn (Mucro-
which requires saline

critical tides of 1
found From the tide tables). Alternatively. the  brachium roscnbergii)
measurements should be  taken during the water for spawning and larval development,
Jowest and highest tides of the month. The the hatchery may have to be situated away
days with the lowest fides should be selected.  from the fresh-water pond farms used for
and the O datum or mean Jower low water grow-out. However, in some circumstances
(MLLW) noted. A fifteen-day observation it may be more economical Lo transport the
-~ Gurinig the dry season for the mean high water  necessary salt water to the inland farm site
o separale units. In the

and. another fifteen-day observation at the rather than maintain twi
height of case of salmonid culture, especially of the trout.
ired for spawning.

the rainy season for mean low water.

are considered sufficient (0 ascertain whether  the low temperatures requi
the pond-system will be drainable during rainy  hatching and larval development may make it
season and whether the desired depth can be  necessary to establish the hatchery at high elev-
maintained. Measuremenis may best be done  ations with cold water. and grow-out farms at
lower elevations with higher temperatures for

where the main gate of the
On the tide faster growth. Smolt production for salmon in

rked. This will serve as
on of all elevations
ch mark can be

be considered for incl

level, should also be ma
is for feed. For this, as well as

the base line for determinati
in the farm system. A ben

for processipg of

* considered.

. ficiency of the
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the main requirements o he  basis of a number of factors. including quantity -
investigated are suitable fand for the necess- of waler and extent of land available, tech-
ary constructions, clean water supplies and nology lo be followed (c.g: extensive, semi-
electricity. intensive -or intensive farming), production

The availability of skilled and unskilled and income required to make the enterprise
labour in the arca is an important factor in economically viable. and access 0 markels.
deciding on cunstruction which would require  maANPOWET and equipment.
adeyuate mainfenance and careful operations. Even though the design of the farm will
[n many developing countries, priority is given depend on several factors. there are some basic
to aquaculture development because of its po~  principles which are generally followed.
tential to generate employment. and so there is  Whethera hatchery is incorporated in the farm
a definite preference for the use of manual or not. there is usually a series of nursery
Jabour in construction and day-to-day oper- ponds for growing larvae 10 fry stage. another
ations. Al the same time. it will be necessary to  series of rearing ponds to rear fry to the finger-
achieve cost-effectiveness and profitability. So. ling or yearling stage and a.final series of
it will be necessary to obtain comparative in- production or stock ponds. Many farms. par-
formation on costs of construction and main- ticularly in tropical areas, may not have the
tenance. using mechanical equipment against (ransitional rearing ponds. and fry may directly
manual labour. Besides the actual costs. the  be introduced into the stock or production
time it takes to construct the farm and bring it ponds for grow-out 1o marketable size. In farms
under production by these two methods and incorporating hatchery operations, thers isa
its economic CONSEquUENces should also be meed for brood-stock ponds to rear selected

brood-stock, and in some Cases also spawning
ponds- Depending on the harvesting system LO
lso be a need for

be adopted, therc may 2
for holding the harvesis before

6.1.2 Design and construction of pond farms  ocker ponds
Considering the fact that the construction of marketing. Instead of earthen ponds. tanks of
farm facilities forms the major capital invest- raceways may be used for fry rearing in certain
ment in pond farms and the operational ef-  rypes of culture, such as of salmonids and
fucilities will largely determine shrimps. Tanks for culture of fry can very well
the success of the project. it is fully justified be incorporated in the design of a pond farm.
and necessary to devote adequate attention to - particularly in conjunction with 2 hatchery.
their design and construction. As mentioned  Details of tank and raceway design will be
earlier, pond farm designs are site-specific and discussed in a later section. In temperate and

variations. cold climates, wintering ponds or indoor win-

be needed.

farm products,

<0 it is difficult to detail all possible
The aguaculturist will have [0 work closely tering facilities may
with the design engineer to arrive at an econ= | It is possible to use some of the ponds men-
omically acceptable design that will meet the tioned above for more than one purpose, de-
s of the species and pending on the seasonality - of operations.
ads can often be used for fry

operational requiremen
the culture technologies.
is feasible in most projects. except when exist-  nursing a

ing undrainable ponds, tanks or mining pits times also as ma
have to be used. as is the practice in some rearing pondscan,
of the South Asian and South Eust Asian as production pon
countries. Even then. there may often be the effected in pond 2

possibility of designing a proper farm. incor- can be brought un
part of the year, if th

Planned construction  Spawning po!

fier suitable preparation. and some-
rket ponds. Properly designed
after the fry season. be used
Jds. Thus- economy can b2
rea and most of the ponds

der operation for 3 majer
= farming technology

ese possibilities. it will

porating the existing water badies for easier
management. permits it. Because of th 1
not be very meaningful to Emmam a aﬁ_nﬂnq
. . ratio between different types © ponds. 10=
Siceend shops estimated number of fry required m_a the =_.5.”.
ined on the ber of crops of fry {hat can b2 raised to meet

The size of a farm has to be determ!
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the requirements of the farm will decide the
rotal area 10 be assigned for nursery pumases.
The production target of .En E.::. based on
markels and technology. will decide the area 10
be set apart for production ponds. For small-
scale fsh cullure in tropical areas based on
quick-growing species, it has been suppesied
that each farm should have a multpEol iwelve
production ponds. so that each month an equal
number of ponds can be drained or harvested.
ensuning a regular supply of fish for sale each
month of the year (Maar e1 ul., 1966).

The size of ponds would vary according 1o
the intensily of cullure operations. but ranges
of 0.05—2.00 ha for nursery ponds and 0.25—
10.00 ha-for production or stock ponds have
been sugeesied. Spawning ponds could be (1,01
ha. Smaller ponds would result in a larger area
covered by embankments and water supply
channels. In iniensive cullure systems, there
is an obvious preference for smaller ponds.
ranging in size from | 1o S ha as against 3 10
10 he in exiensive systems. as small ponds
allow greater control. Larper ponds 12ke longer
to fill or drain, under piven water conditions.
This may mean. in certain situations. sizeable
loss of production time. Similarly, moderate-
sized ponds facilitate safe harvesting. as ton
much crowding in hurvesting sumps and hand-
ling can result in fish loss. 1t has been suppesied
that the harvesting of a pond should not take
more thin a day. This again poinis to the need
for less exiensive production ponds. However,
1L COSLS more per unil area 1o construct smaller
ronds. because of the cost of the additional
embunkments and water supply * struclures
needed.

There appears 1o he a greater preference for

rectangular-shaped pands in fresh-water farms
This is mainly

of manageabl
Sump using t

1o facilitale harvesting with seincs
e length or through draining 1o a
he repular siope of the pond bot-
lom. The lengths of drainage and feeder cunals
required will alsa be less, From the: point of
View of cosl of construction. square-shaped
_ponds are gonsidered preferable. as the ratio of
Jraterarea o the length of embankmen( will he
hicher, but if the slope of the sile selected iy
high it may he neeessary 10 construct rectynpy-
lar ponds. 10 cnable easy driinage. Incases
where fish culture is combined with animu
praduction or culjys

auon of vepetables. frujy

\rees. elc., us in southern Chini. the _no_,_ ﬂ
construction of the main embankmenis wou
not be & mujor consideration. as the furmers
need wide land ureas near the ponds for inimil
or plant praduction. Many of the new furms
there have square ponds. bul others ure rec-
langular in shape. Some Eust  Europcan
countries, particularly Hungary. have tried dif-
ferent shapes of ponds. such us radial ponds,
all of which drain into o central sump.

The lavoul of coastal pond furms is lareely
dependent on the farming procedures. ma:._.n of
the typical layout designs will be described
later. bul there appears to be no speciul shape
preference in newly designed ponds. though
most of them are rectangulur, The shape of
the traditional farms largely follow the land
contours and many of them have irregulur
shapes. In modern designs this is generally

avoided and embankments are straighl where
possible.

Layout of farms

The convenuonal classificition of fish pond
design inlo barrage ponds. contour ponds ind
paddy ponds can still be used 10 describe the
major types of pond lavout, The barrage ponds
are constructed in flut or gently sloping valleys.
or abundoned river heds. by putting a low dam
al a suitable site (fg. 6.1). The dam has 10 be
built a1 the narrowest point 1o reduce construc-
tion costs. The sides of the ponds are formed
by the slopes of the valley iand a series of ponts
can be built on the site. The source of waler is «
stream or river ncarby. A spillway has (o be
built to avoid fiooding of the ponds. A feeder
canal from the sirenm will he necessary 10
repulate the waler supply. Suitable driinnpe
hus 1o be provided 10 prevent flooding and
consequent loss of stock and damage to the
pond structures.

Cantour ponds (fig. 6.2) are

filso penerally
Iocated near a stre:im. canal, TIVCT OF reservoir

and in a valley, the bottom hiwving @ slighily
sloping contour. The farm is situited on one
side of the valley only iind floods pass throuph
the other side. A weir diverts the water for
intuke through & e 10 3 supply canal. from
which eich pond can be filled and drained
separately. The dikes should be buili 10 carry
the design Nood suf ¥. Such i lavaut is possible

Fig. 6.1 A barrage type of pond farm.

only in sufficiently wide valleys or nver beds. _
Paddy ponds (fig. 6.3) are constructed on

relatively flat areas surrounded by a dike. Such

siles make it possible to use much Vnw:w. layout

designs. including separate supply and drainage

chunnels. seepage and pond drains. harvesting  Fig. 6.2 A contour type of pond farm.

sumps, ele. Most of the siles selected for cam,

lilepia and catfish culture in fresh water and o 5 3

brackish water. or sall-water finfish and shrimps  2'<¢ design and construction

in coustal areas. would be suitable for this type  The most important constructions in a pond
ol pond.

farm are the dike system and the water control

"
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structures. The pond boltoms may or may not
be excavated. depending on the topography
and soil conditions, but the supply and druinage
channels and harvesting pits have 1o be
excavated.

As indicated earlier, the constructional de-
tails of the dike will depend upon the nature of
the soil to be used, water depth required in the
ponds. wave action and possible erosion, elc.
Fig. 6.4 llustrates cross-sections of some typical
dikes. Since cost-efficiency is the ‘major con-
sideration, it is necessary to determine the
stespest siope inclination of the dikes that will
ensure stability of the structure on a long-term
basis. Where the sail conditions warrant it, the
economics of lining the dike slopes with bricks.
rip-rap. wood, erc. should be determined,
taking into account long-term maintenance
costs and the security provided. The freeboard
has to be determinad according to wave action

Top

Outside

and design flood levels. Table 6.1 lists the
recommended side slopes, top width und
freeboard of dikes (Kovari. [98h). LIS re-
commended that small ponds be located. if
topography permits, with their long uxis pural-
lel to the prevailing winds, in order to provide
maximum aeration. Large, ponds may have the
Jong axis at right angles to feprevailing winds.
as the winds blowing over a long stretch of
water may create higher waves and greater
erosion of the.dike. A minimum of 3 m top
width will be required for embankments to be
used by vehicles, but when heavy vehicles are
to be used, the main embankments may huve
to be as wide as 6 m. Adjustments may bs
needed if the design includes a waler supply
channel an the crest of the dike. Secondary and
tertiary dikes can be marrower and lower, ac-
cording to the water depth in the enclosed
ponds.

Surface

ﬁ ,.. Pond

,...xf??;{,&z,/(?g//{??}.k}«w —
TN
Main dike
(Scale - 1:80 m)

N
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LY/ p——
T

7.
2 (Ground surface

Pand botam N /i i iSRS

PR ENS

Z. o
vy Pond bo

ttom
A AT AN

Secondary dike

(Scale - 1:80 m)

Top

7
Ground surface

oA

GRSI RS LRNT AN TR

Tertiary dike

N - — n :
Pond bottom A A RANWARTAANA VAN ANANANN 7 Pond bottom

T S ST
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Fig. 6.4 Cross-sections of some typical types of dikes.

Desian and construction of aquafurms

Table 6.1 Recommended side slopes and 1op width of pond dikes.

Type of soil Inside slope  Outside stope | Water depthin  Top width of  Frechoard
i s the pond (m)  dike (m) (m)

andy lofin [:1.5-1:2 0.50 0.50 040
w”__“,_« M__h.__<_ & 1:1.5 0.50=0.80 0.50=1.00 0.40=0.50
Firm clay Il 0.80~1.20 1.50
With brick lining inside Li-f:1.5  f15-1:2 1.20=2.06) 200-2.50 050
With concrete lining inside  0.75=1:1 121512 2.00=3.000 250-4.00  0.50-0.60

The depth of water to be maintained in a
pond depends very much on the climatic con-
ditions and culture practices. The recom-
mended depth of trout ponds is | m at the
intake, sioping to 1.5 or 2 m at the outflow. A
depth of about [ m is preferred in tropical and
subtropical carp culture ponds. Beside mini-
mizing wide fluctuations of water temp=rature.
it assists in reducing the growth of rooted
aquatic weeds which are a major problem in
fertilized ponds, particularly in the tropics.
However, shallower ponds will be preferable -
during the growing period in-lemperale cli-
mates. to make use of the higher water temper="-
ature for enhanced production. Because of.
these differences, wide variations occur in the
depths and size of different types of ponds in
culture systems. A range of average water depth
of 0.4~ 1.5 m for nursery ponds and 0.8=3.0 m
for production or stocking ponds have been
recorded. In fresh-water fish culture, spawning
ponds may have an average depth of 0.4=1 m
snd holding or market ponds 1.2-2.0 m. The
water area of nursery ponds varys between -
0.05 and 2 ha and of production or stocking
ponds between 0.25 and 10.0 ha. Spawning
ponds are smaller, ranging from 0.01 to 0.5 ha
and holding or market ponds from 0.10 to
1.0 ha.

“ It is a common practice to provide an im-
pervious core of soils of high cohesiveness,
with shells of less'‘cohesive soils on both sides
or only on gne side (fig- 6.5). The most im-
~—portant couses of deterioration of dike slopes
are erosion due to wind and wave action and
burrowing by aquatic animals and the feeding
habits of fish like carp that rout around pond
dikes. A proper grass cover is necessary (o
protect the exposed parts of the dike. Quick-
growing and spreading varieties of grass are
preferred. In East European ponds. a 4 m wide

reed belt is recommended for larger stocking

-ponds (greater than 10 ha) to protect the sec-

tions of the dike expased to wave action. In
farms eisewhere, rip-rap placed in thicknesses
of 025 to 0.5 m is preferred. In countries like
China. blocks of concrete or bricks ars uscc
to fine the slope. Lime stabilization has alsc
been suggested as @ means [0 improve soi!
compaction in dikes 1o resist erosive action.
The general principies of design and con-
struction are very similar for fresh-water and
coastal pond farms. However, the nature of the
terrain and dependence on tidal water, as well
as the practice of utilizing benthic algal pastures
as food for the cultivated stock, necessitate
some changes in the details of design and con-
struction. The type of soil found in tidal areas
selected for coastal farms has already been

described (see Section 4.22. Aad Sulphate

Sails). The construction of large embankments
and heavy concrete structures on soft ground
creates special probiems. The fibrous or peaty
top soil in mangrove areas (with roots some-
times constituting more than 50 per cent of the
sail) is an-additional problem. The nezd for,
and methods of, easy drainage to leach out the
acd contents of cat-clay soils have aiready
been discussed. A system of open canals along
the natural waterways will be required for this
purpose. The canals should have a depth ap-

- proximating the tidal level of the mean fower

jow water; in order to allow drainage of the
maximum amount of percolated tidal fiow over
permeabie stratum. Two to three years or more
may be required to bring the pH value of acid
soils to an acceptable level.

The depth of water in coastal fish ponds alsa
varies as indicated eariier. Because of the need
for easy drainage and constant chan2es of water
in present culture practices. it is necessary 10
maintain lower depths of 30-60 cm. Its held

-
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4 Aquaculture: Principles and Practices

the ponds and fresh water has to be introduced
into the external sumps at the me of hurvesi-
ing. The bottom should be at least 30 em
deeper than the deepest point of the pond and
an additional differential elevation of 20 em is
necessary between the two ends of the harvest-
ing pit. in order to avoid rapid silung, the sump
may b= comstructed 5-10 m away from the
main dike of the pond. Low levees-made of
sandstones, gravel, bricks or concrete may be
built around the sump to prevent silting,
in coastal farms using tidal fiow for water
management, it is common (o have a central
canal from-which tide water is taken in through
a pipe and fed into a set of twa or three ponds
through 2 common catching pond (Fig. 6.7). It
is conpected to the rearing ponds through
sluice pates. The catching pond and the central
canal serve the same purpose as the harvesting
sumps in fresh-waler ponds. For harvesting
from nursery ponds, the catching ponds are
particularly useful. The central canal becomes
more important for harvesting from rearing or
stocking ponds. The habit of many brackisfi-
water fish to swim against the current is used o
capture them. In fact, the elaborate system of
‘lavorieri’ or traps in Mediterranean lagoon
farming is based on this behaviour. However,
in new coastal farms, especially those meant
for shrimp culture, separate feeder and drain-
age canals and harvesting sumps are provided.
Harvesting sumps are usually located at the
pond outlet.

Main
gate
f Main dyke
Rearing pond
Rearing pond
Secondary

E“J\ gate
Catching ,.

% : : ,uoan ...j “Secondary
: dyke

Aearing pond

Fig. 6.7 Layout of a reanng system. with 3 catching
pond.

Water supply and drainage

One of the most important factors that govern
\he success of an aquaculiure operation 15
proper water munagement. Although tru-
ditionally fish farming has been done in some
aress in ‘undrainable’ ponds. the ability to
intensify operations will be greatly restricted in
such waters. So the adequacy of available water
should be 2 major criterion in selecting thesile.
The actual quantity required for the ponds will
depend on the soil and climatic conditions, but
as 2 rule of thumb, one may calculate it at the
rate of 19000-23000 m® for a | ha pond with
anaverage depth of 1.5 m, which would include
an extra 25—50 per cent more to compensite
for evaporation and seepage. To have a more
accurate assessment of the yearly water re-
quirement the following formula can De used
(Kovari. 1984b):

Q

or

Vi+ Vg+ Lot Lit Le™ V., (m?)

<_+f+r+_._+_..n|<a (tls)
86400 x T

Q.=

where

annual water requirement (m® or £ls)

A x h = the pond volume 10 e filled

(m) .

average water surface area oi pond (m)

average water depth of pond (m)

N, x V; = the pond volume to be

refilled (m')

number of refillings a year

= A x E = water loss from evaporation
() .

= mean annual evaporation (m)

= A x T X § = seepage loss in the pond
(m’)

= seepage coefficient (m/day) .

= A X120 B transmission loss in
earthen canal (m”) .

= water surface area of feeder canal (m’)

o = At % R, = water infiow. from rainfall

to pond (m’)
A.q = total area of -pond including dikes ex-
posed to rain (m’)
R, = mean annual rainfall (m)
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T ~= operational time in days.

" The water supply and drainage system have
to be designed ta convey Lhe required quan:
tities. Different designs have been adopted,
obviously based on different criteria and re-
quirements. in many designs, Lhe same canals
are used for feeding and drainage of water. s0
as lo economize on space and construction
costs. [n others, it is considered essential to
have separate feeder and drainage canals, as
well as inlets and outlets, for operational safety
and efficiency. [t is generally considered
necessary (o locate the inlets and outlets on
opposite sides of 2 pond, but in some farm
designs the inlet is locited near the outlet and
the harvesting sump, s0 as O facilitate the
supply of water 10 the sump when the pond is
drained for harvesting.

The quantity of water conveyed through a
canal depends on the area of the cross-section
of the water passing through (referred to some-
times as the iwet cross-section’) and the speed
of the current. This can be calculated by the
equation Q = F X V., where Q is the water
quantity transported in m’, F is the wet cross-
section in m- and V is the speed of water
current in m/s (Woynarovich, 1975). If the
bottom of the canal is 1 m wide and the slope
is 1:1.5, the wel cross-section under different
water depths will be as shown in Table 6.2.

{f the bottom of the canal hasa slope of 0.1
0.2 m in 1000 m. the speed of water will be
about 0.3—-0.5 m/s. Unless such current is
maintained, rapid siltation may take place in
the canals. On the other hand, faster flow may
result in erosion. Ln areas where the soil quality
is poor, lining with suitable reinforced plastic
films has been successiully employed to reduce
erosion and seepage from the feeder canals. It
is, however, more common to construct brick
or cement concrete lined canals, where earthen
canals are not feasible. In such cases, a higher
velocity of water flow can be maintained and so
the width of the canal can be smaller, for
example 0.4-0.5 m, with a bottom siope of
0.5—1 m per 1000 m. When a feeder canal is
built on the crest of the dikes, it is necessary to
construct it with bricks or cement concrete.

The principles of designing water supply and
drainage systems in coastal ponds are essen-
tially the same as for inland fresh-water ponds.

Toble 6.2 Water fluw through canals at different
waler depths.

Water depth Wel cruss-section Waler
(m) m* (approz) transporicd
o ST
(/s m'iday
1.1 011 33 2 KX
0.2 0.26 78 S700)
0.3 0.43 129 11100
0.4 0.4 - 192 16500
0.5 0.87 W) 240

¢ Calculations hascd on a water current speed of
0.3 m/s.

The only major differences are caused by the
tidal Auctuations, when tidal energy has to be
used for filling and draining the ponds. and by
the prevalance of acid sulphate soils. The tidal
range data at the site will have 1o be used in
estimating the duration and quantity of water
that the farm can extract at the site at high
water for feeding the ponds o the level re-
quired. Similarly, an estimate of the quantity
of water that can be drained dunng low tides
has also to be made. The size of the feeder
canals and the size and number of water intakes
will depend on the tidal supply. The duration
of low tides and their amplitude wiil determine
the quantity of water that can be drained from
the pond. The acid sulphate sails that occur in
coastal swamp areas make it necsssary 10 drain
the seepage water from the ponds. without
aliowing it to contaminate the water in the
feeder channels. The level of water inside the
pond should be maintained at a higher level
than water outside the pond, to ensure that
the acidic water does not stagnate there. It will
also be advisable to construct a berm near the
water's edge ta catch acidic run-off during rains,
50 preventing it from washing into the ponds.
A coastal fish farm generally has a main
canal and subsidiary canals for water supply
and drainage. The main canal distributes from
the main water gates to the subsidiary canals
and from there to individuai ponds. The flow 15
in the reverse direction for drainage. There are
many types of water control structures in use in
fresh-water and coastal fish farms. The inlets
may be anything from a simple pipe to a con-
crete siuice. A turn-down pipe, open sluice or
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ship and to reduce construction cusls, many
farmers prefer a wooden sluice aithough its
econamical life will be less than that of concrete
structurcs.

In catfish farms in the southern USA, the
most popular water regulatory system is the
turn-down pipe. located at the lowest paint of
the base of the dike. It serves as an overflow
and drainpipe. The water evels can be adjusted
by pivoling the pipe. in order to increase of
decreass the quantity of water fiowing out of
the pond (fig. 6.11). Besides providing a screen
over the end of the pipe inside the pond to
prevent loss of fish and obstruction of water
fiow by aquatic animals, it will be desirable to
provids a special anti-seep collar around the
drainpipe inside the dike to prevent water from
seeping along the pipe and causing leaks. Some
turn-down pipes are constructed with a double-
sleeve device that parmits water to be drained
from the bottom of the pond rather than the
surface (Lee, 1973). This will rectify the main

disadvantage of wm-down pipes, of not being
able to drain the bottom water (low in oxygen
and contining a higher percentage of metab-
olites). The size of pipe 10 be used should be
selected on the basis of the size of the pond.
the speed at which drainage has to be done and
the rate at which the pond is to be filled. The
higher the diameter of the pipe, the greater the

water flow capacity. Doubling the diameter of
the pipe will result in an increase of over (uur
times in the water llow capacity. Generally, an
11 em pipe will be adeguate for small ponds of
=2 ha, but pipes of [6=32 cm are recom-
mended for 6=8 ha ponds (Lee, 1Y73).

A water control structure of speciul import-
ance for farms susceptisleTo Tooding is a spill-
way. This serves to bypass the fioods reaching
the farm, without damage to the ponds, so
preventing -the stock of fish from escaping.
Spiliways are-also useful in farms built on level
ground, when there is a large watershed area
and there is a likelihood of surplus water caused
by rainfall or by filling. A wide variety of
spillway designs are available. Unlined spill-
ways (fig. 6.12) with fish screens between piers
are relatively simple to design and construct.

When intensive aguaculture is practised.
<ome formof aeration system becomes essential
10 enhance oxygen transfer and the dissolving
of orzaniccarbon in the water. Gravity aeration
is often achieved throogh weirs and splash
boards in ponds and raceways. Simple surface
aerators like open impeller or centrifuual
pumps and paddle wheels are commonly used

to break up or-agitate the water and increase

the surface area available for oxygen transfer.
Different types of aerators used in carp ponds
are described in Chapter 13.

Design and construction of aquafarms

61

Section B-B
Walk way
Chain railing Fish screen
Terrain levelled / e aid
Vil r N ﬂT—,-...:..-J
- =T -
i U~—~cut-oH s
Cut-off Upstream apron m g
Down streamn apron -w. g
. |8
Plan A g m.
_ Ll
£ 1 =
E__J[E VNG 8
= T A NN
I =15 e
= 1 w \ | sl oy
: SN Wi e
| 3| - \ -
= | Fish 0 gl —
Railing [T ARy
210y e “ ;.ﬂ__ G
I 5 ok
== _ T - - M
3 el u“zHHI.T
'y =
== L < 2 - 2| 0\.|.It||.fV
A $ < - xol
- _ = ey
Pier | g SIS
Walk way = . r
| g ‘_ | {|= I~
el - & [N 8
Hiz
= PR
_ 2 g
! 3
I g
] T &5 =
i Ta
A

Fig. 6.12 An unlined spiliway (from Elekes, |Y84).

Methods of construction

In planning construction generally.-there is an
option to use mechanical equipment or manual
labour for much of+nework invoived. From an
economic point of view, mechanical methods
of construction have many advantages. The
construction period can be greatly reduced, the
need for recruitment and supervision of a large
labour force can be minimized and in a majority
of cases more efficient structures can be
achieved. Table 6.3 shows the comparative

figures for earthwork in a tidal fish farm in the
Philippines.

However, under certain socio-economic
situations it may be necessary to-salect labour-
mtensive methods in order to gensrate employ-
mentin rural areas. Also, small homestzad-type
fish farms can probably be constructed equally
or more eficently with manual labour. On
certain swamp-land areas; particularly in peaty
soils in tidal lands, the use of manual labour
may prove efficient. For example, it may be
possible to adopt the technique of cutting €arth

-
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* Teble 6.3 Comparison of mechanical and manual
methods for canhwork in tide-fed fish farm
construction. hased on a 1974 ease study (from
Tang. 1979)

Mechamical  Manual
ltem nicthod mcthod

Cosi of contruciinn

(USS/m*)
Pernimeter dike 1.15 1.38
Main canal A2 0.7
Parivon dike 0.62 (.46
Levelling {USS/ha) 2AX).00 6L, (X)

Lubour requircments
{man-days/million m")

Skilled lahour K0 001

Unskilled labour L0iKx)

Construction penad
Skilled labour
(SX) man-davsimiliion m') 160 diys
Unskilled lahour

(1000 man-davs/million m') 0 days

into blocks and loading them on to rafis or fiat-
botlomed boats for lransport at high tide 1o the
embankmenl site. The embankment can be
built at low tide, placing the blocks the same
way as bricks for building walls and compacting
them mechanically or manually to make the
embankment walertighl. Nevertheless. overs||
experience so far would indicate the need 1o
use mechanical equipment. where feasible. for
consiruction of larger furms,

The bulldozer (fig. 6.13) is probably the mosi
versatile carthmoving equipment for inland
fresh-water farm €Onstruction as il can be used
for clearing, grubbing, stripping, excavaling,
diking and levelling. However. the earth will
have 10 he compacied Lo prevent erosion, The
€conomical length of haul for a bulldozer is
Eenerally between 20 and 50 m, Anather piece
ol eguipmen) especially preferred for embank-
Ment construction is a scraper (fig. 6.14). which
can be used for stripping., excavating. diking as
well as compacting. The economical length of
haul of 3 Serper is peneraily between 100 snd
10 m, As seraper does nol move very e y
on heavy clay. 4 traclor musl be used 10 push
ulong the cutting haul. Hydraulic power shovels
and hoes zin be usefyl. panicularly in excival-
Ing trenches. drainage and feeder canals,

- Lo & J et a T e

Fig. 6.13 Bulldozer uscd for pond construction
(countesy of J. Kovari),

For coastal fish farm construction. a small
dragline excavalor (figs 6.15 and 6.16) with 1
buckel capacily of 0,3-().5 m’, or a hvdraulic
excavalor. hus been found 1o he convement for
operation and handiing. A crawler 1rictor. with
alower ground contac Pressure. is vervsuituhle
for timming the soil for profile formation and
also for pond bottom levelling. The main con-
straint is in the huulage of earth in areas where
mass movement of earth is required. Multiple
handling has 1o be resored 10, 85 no other
means of truck transportation is possible in
swamps.

A wide variety of compuciors. such as sheep-
fool. sicel wheel und rubber 1yred rollers and
platform and vibrutory compaciors, are o
able: but. in swampy soil conditions. it miy be
dilficult 1o™use them. In such cases it hs been
recommended that the dikes be constructed in
layers and that the dragline travels on them 10
effect proper compaction. &

Construction materials

A point that needs (o bhe emphasized in pond
farm construction is the choice of construc-
tion malerials. As cost and avai hility of ma-
Lerials differ so much between iir s one eannol
supgest a uniform standard of materiais. The
euiding principle. however. should be cosl-
elfectiveness. where durubility aud mainten-
ance costs are important. Table 6.4 vives (he
Values of durabilily and mainienance costs of
the commonly used construciion miterials in
pond firms,

Design and construction of aquafarms

Fip. 6.14 Tracior-ttriven scrapers being used in pond construction (courtesy of J. Kovari).

Schedule and scquence of construction

ILis necesssury Lo plan the construction work
very carefully 1o avoid waste of effort. funds
und efficicncy of the structures. Based on pro-
Jeet financing. availability of labour and equip-
ment and climatic conditions. the schedule of
construction and farm operation should be
determined in advance. Catfish farms in the
USA ire often constructed during summer "__.:._
autumn, allowing the soil 10 setile u::___m rainy
seasons in late aulumn and winter. O?.mccz_u.. it
is preferable (0 complete the construction and
start farming in the shortest possible time. as
the investment would then start giving relurns
early enough, Where a longer construction

period is unavoidable. as when manual methods
are employed. the possibility of constructing
the furm in sections. in order 10 stant production
while construction work of the rest of the farm
continues. should be considered.

In arder o plun the construction work prap-
erly. a detailed contour map wili have 10 pe
prepared. This usually can be done only after
the sile has been cleared. Cleanng presents
greater problems and takes more 1ime in
murshy arcas, particularly mangroves. In such
cases, the cleaning of the area for the perimeter
dike may be done first. based on the available
topogruphic map, and the rest of the arca
cleared and mapped as the work progresses. 11
is penerally easier to fell trees and remove

Tuble 6.4 Durability and mainienance costs of materials cummonly used in the construction of pond farms.

—_— i

% quftrial

Reinforeed concrete (1:2:4)

Stone rubble in 125 cement mortar
Brick masoory in 135 coment monar
Wood

Durability Maintenance cost
(vears) % wF matcrial cost)
=3 - - 11X}

10-15 150

5=10 250

5-8 AKI=41x)
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Fig. 6.15 Dragline excavator, operated from pontoons in tidal lagoons-i
(photograph: Carlo Mozzi).

n Iraly, for dike construction

Fig. 6.16 Dragline being used for dike construction (courtesy of J. Kovari).

=1

dense brush after the perimeter dike is con-

structed, as the ground can then be dried to .

suppart heavy equipment for cutting, such as
chain saws, pluckers for uprooting bushes and
small trees and winches for pulling the trees

and brush. .
Tne general features of the farm, including

the boundary of the site. layout, number and
size of ponds, main and subsidiary dikes, water
supply and drainage, {ocation of water control
structures, etc., have to be shown on the de-
tailed map to aid construction work, The area
reserved for the hatchery (if one is planned at
the pond site), auxiliary buildings for storage

- Design and construction of aquafarms 65

of dry feed and chemicals. fish handling. pre-

servation and storage, workshops and space for
storage of nets and equipment and the approach
road and other utilities should also be shown
on the map. If feed production is to be done on
the farm site, adequate space for housing the
equipment. feed ingredients and storage of
processed feeds has to be provided.

The sequence of construction work of the
farm has to be decided in advance and followed,
in order to achieve good quality constructicn.
1f flooding of the area during construction is
likely, the -drainage channels should be ex--
cavated before :starting construction of the
dikes. All the outlets should be constructed
before commencing on the dikes. For the actual
construction of the dikes it is necessary to
estimate the quantity of earth required (taking
into account also the packing coefficient of
the soil, usually 20=50 per cent) and decide
whether the pond area should be excavated for
obtaining the earth and for levelling the pond
bottom. The quantity of earth required per
hectare for the construction of dikes fora 4 ha
pond s estimated to be 2500~4000 m” (Pruginin

and Ben-Ari, 1959). As_far as passible, all -

organic matter, including roots, should be re-
moved from the soil used for dike construction,
as rotting organic malter will weaken the dike.
Similarly, the humus should be removed from:
the base of the dike to bind the dike to the base
properly and avoid seepage. The need to pre-
zzrve the top soil in ponds built on cat-clay soils
and allow a layer of silt to settle on it to reduce
hazards of acidity in pond water has already
been discussed (see Section 6.1.1). To attain
the necessary height of the dike, it may be
necessary to compensate for the subsidence by
_recapping it two or three times. |t may also be
necessary to make a large berm berween the
toe of the dike and the drainage canal, to offset
the weight of the dike.

§.2 Tank and raceway farms

As will be evident from the preceeding secuon,
pond farms, “aithough comparatively less ex-
pensive to construct and operate, are aifected
by too many external factars over which the
aquaculturist has very little control. Because of
this, it is not generaily possible to employ a

-~

highly intensive technology in pond farm cul-
ture. Tank and raceway farms attempt to bring
greater human control m operations and facili-
tate highly intensive farming.

6.2.1 Tank farms

Tanks can be made of concrete. fioreglass,
marine -plywood, -metal or other hard sub-
stances (figs 6.17—6.19). Durable- materials that
are free from toxic paints or chemicals only arz
used. Fibreglassis a popular material for tank
construction as it is light, strong and inert to
fresh and salt water. It can be-moulded into
most desired shapes and is strongest in tension
loading, which is usually the stress experienced
in circular tank walls. Fibregiass ranks are gen-
erally drcular in shape. Sectional metal tanis
can readily be obtained in the market in many
places and can easily be erected or dismantied.
Circular tanks are very commonly used icr
nursery and grow-out purposes. Besides beinc
easy to assemble and install, the water supply
and drainage in such tanks can be organized in
such a way as to create 2 vortex-that will sweep

,most of the detritus and other waste matenal
. out of the system. Ready-made plastic-coated

metal tank sections can be bought to make
tanks of the tequired size. They are bolted
together and sealed with watsrproof cement or
similar material. The base is screeded in water-
proof czment and slopes to a central drain,
from which a pipe of suitable size carries dis-
charges to_the main drainage pipe; the latter
collects discharges from all the tanks and con-
veys them to the final discharge point. The
water level in the tank is controlied by a vertical
pipe which is moveable and fitted in the main
drain pipe, its height above the base of the tank
being thus adjustable. The outflow is usually
screened by a vertical, cylindrical plastic or
metal mesh of the required size that projects
above the water surface. A scresned overiiow
pipe of adequale size is fitted into the upper
wall of the tank. In order to protect the stock
from predatory birds and other animals, the
tanks are covered with suitable netting or metal
screens.

Many variations on the arangement of the
water supply system and protective devices are
possible in circular tank farms, including reg-
ular aeration and recirculation of water where
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Fip. 6.18 An out-doar tank farm. Tanks are made of fibreglass.
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Fiz. 6.19 An indoor 1ank farm. Tanks are made of plastic-covered meial.

it is necessary. Circular cement concrele tanks
in Chinese fish breeding farms have water inlet
nozzles arranged on the walls in such a way as
10 cause a regular circulation in the tanks (fig.
6.20). Circular tanks used for catfish culture in
the USA range up 10 6 m in diameter and (.8 m
in depth. with a fall of approximately 5 cm
from the circumference 1o the centre driin.
making it easier 10 clean. In fact they are to
some exient sell-cleaning.

Rectangular tanks are also used and they are

approximately 8 m long, 1 m wide and 75 cm
deen. The bollom may slope towards one end
or towards the middle, to facilitate cleaning
and draining (fig. 6.21). In tanks that drain at
one end. waler enters at the opposite end and
flows the Jength of the tank. whereas in tanks
thal drain in the middle, waler enters at each
end and flows 1owards the middle. One advan-
tage of 4 rectangular tank is thal it is compara-
tively easier 10 harvest fish from it than from
a circular tank. Rectanpular tanks cun be ar-
ranged in stacks four or five high, in which case
they are made slighily smaller. with a length of
4.5—-6m. a widthof 1.5-1.8 m and a depth of
4045 cm. Such svstems can be arrunged in-
doors and it should be possible 10 install the
necessary equipment ior controlling water tem-
perature and thus use the tanks for vear-round
production in colder climates.

Rectungular tanks are easy to construct. but

circulation of water is ofi=n characierized by
whal may be called ‘dead” areas. where meta-
bolic products can build up and aiso causs
oxygen depletion. In such tanks. solid waste
products can build up at the bottom, unjess
waler velocilies are maintained high enough to
remove them. It is. of course possibie 10 incor-
porate suitable designs for better crculation,
but it becomss more complex and expensive 1o
mainlain.

As mentioned earisr. 1anks can be buil; of
different matenials and in difieren shapes and
sizes. Fhough nol very common. there are
larze cement concrele tanks of area 200
300 m= used for rearing saimon. trour. shrimp,
etc. In Japan and Taiwan. cemen; concrete
lanks measunng up 1o 0.2 ha are used for ecl
culure. To enable high density culture, suil-
able aeration equipment is provided. A more
recent type of faciiity for aquaculture., jn many
ways similar 1o tank farms, is the silo. which
has been tried largely in the USA (hg. 6.22),
Essentially it is a deep tank, with waler pumped
down the centre through a pipe. Walter flows
upward in the cullure tank. outside (he centre
pipe. and discharges into a trough construcied
around the outside of the tank g the top. The
flow rates are high, but higher densities of fish
€an be Lrown in  silo — as much as 136 fo/m’

or 27.3 ke/m" per second of water flow (Buss
et al.. 1970).
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Fig. 6.20 Circular tanks in a Chinese fish bresding station. Inlet nazzies (arrow: marks on the walls show
their positons) ensure proper water circulation. ™

. . ly
Fig. 621 A tank farm with cement-concrete rectangular tanks arranged on the side of the water supp
amss. Note the rails on the side of the tanks for transporting feed and the silos on the right for feed storage

(courtesy of J. Kovari).
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Fig. 6.22 Design of a silo tank (from Wheaton,
1977 — by permission of John Wiley & Sons Inc.).

Tank farms built in areas with limited water
_supply have often to resort to purification of
water through biological or other filters and

mercial grow-out, but it is often possible to uss
the system in hatchery and nursery tanks as
described in Section 6.5.2, Reconditioning and
recirculation of water.

3.2.2 Raceway farms

Raceways are designed to provide a fow-
through system to enable rearing of much
denser populations of animals, An abundant
fiow of good quality, well-oxygenated water is
essential 10 provide respiratory requirements
and 1o flush out the metabolic wastes, particu-
larly ammonia. The specific fiow rate required
to meet the oxygen consumption of organisms
and the flushing out of metabolites-can be
detzrmined=a=1i®> basis of the temperature
and oxygen concentration of the infiow water
and the oxygen consumption and ammonia/
nitrogen excretion of the organisms in the
raceway.

Raceways are obviously smaller in size and
occupy much less space than ponds. Although
earinen raceways are sometimes used, the larae

. recycle them for repeated use. The costs in-
volved have been rather prohibitive for com- .

majority of v
crele, of ceme
Earthen racewsys cif wnsu
material to reduce foss 0 =
for pond farms. S!
raceway farm )
Naturaily, the most .:.ﬂﬂ“ﬂuwan”_ﬂn Sl
__M tﬁ_n.mraumnﬂ;_«. . desp wells or Rmn!o,_w
Wo_.u%oer which is probably the most BEM:
ies cultivated in: Taceways, there is gene y
“voMEBR for spring water of uniform __n_a..-
vnm..ﬁnn. For raceway farming of nm.mm a.m
supply of 79 €/s (1250 gal/min) is Tequired for

ter through seep-
e selection for &

every 0.4 ha (acre) of rac=way (Lee, 1973). In :

channels 3m (10 fty wide at the bottom and 1.2
m(4 :nvw grs a 1:1 side siope. a flow of u.....,
€/s (530 gal/m) is often ﬂBBan_..En._. L E....
a flow is maintained. the water M a racewd!
serment of 30 m (100 ft) will be completely
exchang=d in about 1 hour.

In designing a raceway il is preferable to
make use of th= contour of the land. A slope of
12 percemt s preferred so that water fowing
in at one end can be removed at the other.
Each segment of a mceway can be about 30 m
long, 2.5—3 m wide at the bottomand 1-1.2m
desp. A raceway farm consists of 15 to 20
sezments or more. Many of them are con-
structed with side siopes of 1:1 or 1:0.5.

It is generally advisable to have a water

- supply reserve for emergences. A storage re-

s2rvoir near the beginning of a raceway system
ITom where water can fiow intorthe raceway by
gravity would be most usefui, in case thers is
pump failure. Racewaysshould be built straight
and avoid curves, to ensure uniform flow. As
many raceways as necessary can be built along-
side each other. Many have a dozan or more
rows. Very often the segments are built at
different levels. The general practice of dis-
charging water through 2 series of raceways
carmies with it the risk of unhygienic conditions
developing in the lower level segments. How-
ever, when there are not loo many segments

- and the water flow is sufficiently fast, the risk is

not very significant, except when there ar=
infective diseases-in-the ‘upper raceways. In
order to meet this contingency, it is necessary
to have water control structures to cut off the
affected segment and discharge the water
through a separate drainage ‘channel. Then
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Fip, 6.24 A coment concrele raceway farm uscd for raising trout in ltaly.

there should also be a separate feeder channel
for cach sepment. very much as in a pond or
lank,

1L is imporiant 10 have water control strue-
tures or weirs o regulate the fow and depih of
witler. They could also serve (0 aerite the
waler as it flows through. Commoniy used mi-
lenls for such structures are reinforced con-
erele. reinforeed concrele blocks. wood, sheet
metal and culvers with flashboards, They

Jgﬂ’

e

should permit discharge of water from' the
hottom of raceways and include screens 1o
prevent loss of stock. Removal of water from
the bottom helps in flushing out metaholic
wastes and water low in oxvgen. Other means
ofachieving the flow of bottom water is thraugh
a syphon urrangement or by constructing a
vertically adjustable wide baffle on the up-
stream side of the weir. extending down inlo
the waler. so that water flows under it rather

Design and construction of aquafarnis

thun over il. 1L is essential (o adjust the rate al
which water is pumped or flows inlo a raceway

in order fo prevent overflow or emplying. For -

cleaning raceway botloms in emergencies.
suituble suction device can be used.

6.3 Cage farms

Holding or rearing fish in cages is a traditional
practice in some Asian countries E_n._ appears
lo have originated almost two cenluries ago in
Kumpuchea. from where it spread _o._nngou_...
and Thailand and in recent times in a more
advanced form (o several other countries.
Coche (1979) summarizes the historical eval-
ution of the concept. It was a general practice
in The Great Lakes area of Kampuchea to hold
commercially valuable fish in bamboo cages 10
be sold alive. The cages were trailed in water
behind @ fishing boat for transport to the
markets. Since this often took a long time and
some of the calches were of smaller size. the
fishermen began [eeding them with trash fish
and kitchen refuse. The fish grew well in the
cages and as a result their market value in-
creased considerably. This naturally led 1o
longer-term rearing of catfish in Thailand. carp
in sewage=fed canais in Java (Indonesia) and
later on yellowtail in Japan and groupers and
seit bass in Hong Kong and Singipore. Through
recognilion of the value of cage furms in
dquaculture and the opponunities they offer
for productive use of open walers. cage cullure
has attracted considerable research and devel-
opment efforts in most parts of the world. In
the fast wo decades it has become a major
saurce. of aguaculture production. particularly
of high valued species like sulmon. trout, sea
buss and groupers. Several types and designs of
cages and cage farms have been developed and
are availuble commercially.

PwL Typesof capes and _u._.c=._. of cage farms

IUis obviously difficult to describe the various
ns of cages presently available. Detailed
descriptions of dilferent 1ypes of cagesare given
In Beveridge (1987). Although there are sub-
mersible and rigid-walled cages in use. the
majority consist of @ floaling unit. a framework

7

and a flexible mesh-net suspended under jj.
There are different methods of floatation ang
mooring. placement and attachments of indi-
vidual cages in a farm. means of approach und
handling of cages. The fioating unit can consist
of empty harrels. styrofoam polyethylene pipes.
or ready-made ponioons of plastic and metal.
The buoy units are olten buill into a frame-
work. the material of which can be impregnated
wood. bamboo spars. galvanized scaffolding or
welded aluminium bars. Nylon is commonly
used for the net, but weldmesh or even woven
split bamboo are also used. Cage fiotillas pro-
vide safer working conditions and enable
slorage of feed on site, as well as installation of
automatic feeders. The diversity of materiuls
used shows that the design of the cages and
cage farms should be based on conditions
prevailing al the selected site. Reasonabiy
sheltered areas. with sufficient water move-
ment 1o cffect adeguate mixing and aeration.
are sclected as siles for cage farms. The occur-
rence of 1vphoons. hurricanes and cyclones in
the area and the vulnerability of the site 10
Lthese are also major considerations in the de-
sign of cage farms. Polluted sites are generally
avoided. In cold climates. areas that receive
siafe heated waler efflucnts are preferred. as
higher waler temperatures generally improve
growth and productivity. :

* Unused feed and fish faeces full from the
bottom of floating net cages on to the fioor of
the watcr body. Acecumulaled wastes decom-
pose and cause oxygen dzpletion or eeneration
of methane orother toxic gases under anaerobic
conditions. Cages also increase deposition of
silt on the botiom of the site. It is therefore
necessary lo have enough movement of clean
water below the fioating cages. and if the
movement is not enough (o clear them. - pro-
vision has to be made for regular mechunical
removal with suction or slush pumps and dis-
posai of the wasle at safe distances. Though the
determination of precise carrying capacity of
walerbodies is difficult, at lepst emperical
estimales should be used 10 avoid overcrowding
ol cages. -

Exicnsive testing of materials for construc-
lion of cages, supporting framework. floats.
sinkers. walkways. elc. hus been carricd out.

Despite differences in (echnical efficiency. dif-
ferent types of materials continue 1o be used
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Fig. 6.26 A cage farm in Norway. Note the hexagonal cages with wooden framework moored alongside 2
walkway from a jetry.

-

depending on availability and cost. The most
sophisticated designs appear to be used for sea
cage farms. especially in Norway (fig. 6.25) and
Scotland. Cage size cin be -anything up (o
1000 m’, but is normally between I() and
500 m>. A simple unit holds a net of four
vertical sides and rectangulur cross-section. but
the more popular ones#are=eteeular-in cross-
section. When timber is used as framework it
is not easy to have a perfecily arcular shape
and an approximation is achieved with six- or
-eight-sided structures. A commonly used cage
in Norway has.an eight-sided floating frame-
-work of timber. which is impregnated to reducs
Totting. They are linked together by flexible
joints to. reduce the Tigidity of the structure
(fig. 6.26). Planks 12 cm X 5 cm or farger form
the sides of the section and are spaced 30 cm
apart by wooden slats nailed across the top and
bottom. The slats on the top should be pos-
itioned close together, as the framework has
also 10 serve as the walkway. around the nel.
Expanded polystyrene or other fiotation ma-
terial is inserted between the two layers of slats
and held in place by nails driven through the
timber. The joint between two sections of the

Design and consiruction of aquafarms
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me is formed by bolting strips of heavy
H_u_.a_.wb_.aﬁa:n belts. For further safety.
all the sections are securely fastened together
by suitable nylon Tope or reinforced plasiic
piping. in every alternate corner of the frame
a loop is provided to attach the anchoring dz-
vices. Inside the collar. four 120 cm long laths
are nailed_to-each of the eight units. A nylon
net is stretched between the laths to prevent
leaping fish from escaping.

Another common type of cage system used
in Norway employs rectanguiar cages sus-
pended from a rectangular foat (as in Ag.
6.25). The float consists of four PYC pontoons
in iron frames. The ™wo frames, made of 25 mm
galvanized iron tubes, are connected to 2 |
wooden frame made of 5 cm X 10 cm impree-
nated planks with galvanized bolts and nuts.
The wood frame is made in twosizes (4 m X | m
and 3 m X 1 m). depending on the length of thz
two types of elements. On top. the wooden
frames are covered by 2.5 cm X 12.7 cm im-
pregnated planks. The elements of the two
different fengths are joined together to form a
rectangular fioat with a network of 4 m X 4 m
‘'square openings. The bag net. equipped with

Fig. 6.27 A farm in Norway, which uses a different design of fioating six-sided cages. Flotation is provided
by six inflatable rubber buoys kept in place by six fibreglass poles radiating from a steel plate above the cage,

Iooking like an inverted umbrelia frame.
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Tig. 6.31 Submersible cages under operation in Martinique. y

and repairs or replacements have to be in
proper time o avoid unnecessary risks. Besides

fouling, cage farms h

ave to be protected from

nonm%.%a:.m. rotten tree branches and Urift
wood. Unless they are exceptionally heavy, no

dumage may be done Lo the strong

framewarks.

Design and consiruction of aquafarnns

However. they can tear the nels sometimes and
any such ._m.:“umn should immediately be re-
paired. Even though floating booms are some-
times crected with old neiting slung beneath
them 1o protect the cage, they can hinder
routine operations.

There are different types of alarms that can
be used to warn against poachers. but there
appears to be no beltcr means of looking after
a cage farm than by the owner or a watchman
on the spot. possibly with the help o;usn.b
dogs. In cage farms-in Singapore, there is &
floating house for the operator attached to the

‘cage complex and -a good number of guard

dogs, for round-the-clock watch.and constant
care of the cages.

6.4 Pens and enciosures

Pens and enclosures can in some ways be cori-
sidered as transitional structures between ponds
and cages, in 50 farasenvironmental and stock
control are concerned. While enclosures or
pens continue to be used as in the culture of
yellowtail in Japan, milkfish in the Philippines
and salmon in Norway. attemplts to introduce
these systems have not met with much success
in many other countries. This can probably be
ascribed to the difficulties in the use of intensive
techniques and in some cases the rather high
costs of embankments and water management,
such as through pumping. Expenence seems
to indicate that the success of enclosures for
cuiture. to a large extent, depends on the
hydrolomical conditions of the site. The dasign of
the structures and operational procedures have
to be based on adequate knowledze of water
quality, fioods, waves and currents, prevalence
of predatory animals, etc.

Probably the simplest and relatively most
efficient type of enclosure usad for aguaculture
is the one formed by damming a bay, cove.
fiord or arm of the sea, estuary or niver (Rg.
6.32). Sites are selected where the barners can
be constructed across narrow sections, or chan-
nels, in ordertor=fEcw costs and increase the
ease of operation. Most of the penimeter of the
snciosure-is formed by the natural shoreline.
When the blind end of a water area 1s enclosed,
there may be only one or one series of bar-
riers, but in enclosures that permit direct flow-
through there may be two or two series of

Sea

Pump house

Barrier with

e, and
sliding screens Farm hous

shore facilities

Fig. 6.32 Diagram of an enclosed fjord

barriers: one upstream and another down-
stream. The dams are constructed with stones,
earth or concrele, depending on the availability
of matenals and exposure of the site to storms
and other natural disasters. They hold screens
consisting of vertical aiuminium or galvanized
metal bars. with about | cm gaps between them
1o allow free flow of water. The screens, which
are removable, can be {ocated in the concrete
by moulded guideways. Two guideways are
provided. one behind the other for each screen,
1o enable a duplicate to be placed in position
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-before removal for cleaning. The screens pre-
vent the escape of the fish stock. For proper
management these enclosures have (o be rela-
tively small (2=7 ha), although there are much
larger enclosures in japan. measuring up 10 120
ha or more, which should stricily be called
ranches or reserves, rather than farms. The
depth of waler in difierent portions of the
enclosure diflers and the circulation of water in
the deepesl pans may be insufficient 1o prevent

e accumulation of waste and orpanic maller.-

piving rise (0 oxygen depletion in paris of the
endlosure. Suction pumps have been used suc-
cessiully for removing such accumulations and
additionsl fiow-through has been created by
propeliers mounted on ficats. Obviously this
increases the cost of operation.

Another 1vpe of enclosure or pen is the one
formed by nel barriers 1o partition ofi aress of
an open waler body, such as the intenidal
areas of the sza or foreshore areas of Jakes and
reservoirs. Dilierent designs of enclosures have
bzen construcied. Bul, peneraliy, the enclosure
is formed on one side by the shors and the
olher three by a wall of nyion netling hung
from poles driven into the sea. In many such
enclosures. concrete ar sione walls (about 3 m
widz) are buill on each side where it joins the
shore. 1o provide adequate support for the nel.
Around the rest of the perimeter, heavy posis
of impregnaled timber or concrele piles are
dniven into the bed (a1 least aboul 3 m), ex-
lending for about 2 m oul of the water ar all
limes (during floods and high tide). Net barriers
may be hune from steel cables sirung between
lhe poles or the concrete or sieel piles. To
prevent the laleral movements of these piles
ome are anchored fore and afl. 1o large anchor
blocks using strong steel cables. The nets are
cenerally made of knolless nylon nelling ma-
lerial. In some cases. two walls of netling are
used. the outer one lo protect the enclosure
from ficating debris and to prevent the escape
of fish if the inner wall ets damaped. However,
this has been found 1o be a hindrance 10 free
fiow-through of water and now in most enclos-
ures only one net wall is used. Though not so
common as nyion nets, galvanized wire mesh
or chain links are also being used as barriers.
Al the boltom of the poles or pilings under
waler, the nel harrier is fixed by a rope afong
the sea bed for about | m. uniil it lerminales in

a lead line. Normally the net embeds itsell in
the sand or silt at the bottom. forming a pood
seal. Asa further precaution to prevent escups
of fish. heavy rubble may be piled at the bottom
of the net or in some cases a nel botiom may be
provided.

A unigue sysiem of pen culture has devel-

oped in the shallow eutrophic Lapunnde Bay

in the Philippines and in lakes in China. Using
bamboo scaffolding, enclosures of different
sizes have been made in the lakes (fg. 6.33).
Because of the shallow nature of the lakes,
enclosures can be fuirly eusily construcied. The
average depth of Laguna de Bav at low waler is
only 3 m and at high water 5 m. The netting is
taken above the surface 1o prevent the escape
of fish by jumping (fig. 6.34). An improved
fioating netl enclosure has been developed,
where ths nel enclosure is held in place by
concrete block sinkers (about S0 kg in weight),
wilh a senies of small weighls on Lhe iool rop=
which is sccured 1o a chain link between th=
sinkers. The nel is kept afiout by fiouts attached
1o the hcadropes, There is a honzontal net al
the 1op of the enclosure 10 prevent fish from
Jumping. To spread the load exerted by waler
movemen! and wave action. a lattice work of
nylon rope is provided. The enclosures are
generally assembled on land. then tuken 1o the
sile on barges where they are installed by al-
laching them 10 the sinkers. Such fiouting en-
closures ure now used in lakes for tilapia and
milkfish. Il is reported that a similar system of
pen culture of the giani fresh-water prawn has
developed in the Songkhla Lake in Thailznd.
Several circuiar pens consisting of a bamboo
iramework and perlon nets have been built in
the fresh-water portion of the lake by smuil-
scaie farmers.

6.5 Design and construction of
hatcheries :

Methods of seed production in aguaculture
differ considerably wiih the species under cul-
Lure and the state of technolngy, as well as with
the level of operation (as. for example. exten-
sive or intensive and the number or frequency
of crops). Where the techniques for artificial
propagation are still (o be developed or per-
lected. or wnere it is feasible and economical
lo collect egas, larvae or fry from nutural

Design and construction of aquafarms
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Fip. 6.34 A fish pen in Laguna de Bay inthe Philippines. Note the hamboo scaffolding (courtesy of Y. A.
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be necessary 1o stabilize and ensure recular

arc not often used (see Chapler 5). However. supplies and introduce breeding technigues 10
even in such cases il is peneraliy accepted thal, ruise improved seed for better growth and

eventually. haichery production of seed will production.

brecding arcas, sophisticated hatchery systems
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As is only to be expected. there are different
types of hatchery facilities in use. depending on
the speaes. locality and investment capabilitics
of the aquacultunsts. However. the basic re-
quirements‘are aboul the same: there has to be
the necessary facilities for holding or rearing an

-adeguate brood stock, spawning or stripping

and fertilization of ova, incubation of fertilized
ova and reanng-of larvae to the required stape
for transfer to nurseries or-cther culture
facilities.

6.5.1 Source and supply of water

The selactinn of a suitable site for a hatchery
is very tmportant for its successful operation.
Although, for various reasons. it is preferable
1o have it located nsar the grow-out farm,
often a different site may have to be selected
bacause of the water guality and quantity re-
gquirements. Thers are also cases where the
hatchery forms an independent enterprise or is
meant 1o produce seed for a number of grow-
oul farms. In principle, surface or ground water
can be used in hatcheries, if it satisfies the
necessary water quality criteria. Surface water
from streams. rivers, lakes and the open sea
may bs relatively less expensive (o utilize.
However, very often there will be the need to
filter the water and where there is a high con-
tent of silt it may be necessary to have asettiing
tank. Generally, sand or gravel filters with
backfiushing will make the water suitable for
the hatchery. In saimon and trout hatcheries,
-vhere stricter water guality conditions are
maintained, spring or borewell water is pre-
ferred, to eliminate the risk of contamination.
As far as possible the source of water, or at
lzast the entire course of the water supply
system from the intake, should be under the
control of the haichery manager. Well water
often has an excess of gas, whici can cause gas
bubble disease, but through adequate aeration

_(fig.6.35) befgre use in the hatchery, this prob-

lem can pe overcome. A large reservoir of
properiy aerated water from a spring can be a
suitable source for a controlled water supply 1o
a narchery.

Water temperature is of special importance
in a hatchery system. as the maturation of the
brood stock. spawning, development of ferti-
lized ova and growth of larvae are all directly

-

arErn

Fig. 635 Deepwell water being aerated through 2
tower for hatchery use in Poland (photograph:
J. Walugo).

affected by it. Spring water has often the ad-
vantage of constant temperature conditions.
The temperature to be maintained in different
units of the hatchery installation will depend
on the requirements of the propagated species.
It may be necessary or desirable to have pro-
visions for regulating the temperature. as for
example by mixing cold and warm water from
separate supply lines or by the provision of an
in-line heat exchanger, including a thermo-
statically controlled boiler which can be by-
passed if heat control is not needed. Whil2
20-30°C is generally the temperature require-
ment of warm water fishes, trout and salmon

hilleheries maintain @ temperature between
7'and 15°C. In tropical shnimp hatcheries. o
temperature ranging between 20 and 9°C is
suitithle. but for the majority of speccs a lem-
perature not lower thin 35°C s considered
optimal. [n the ganl fresh-waler prawn ..::2_.
ery o higher lemperature of 30=31°C is rec-
ommended for batisegrawih-and survival. In
oysler hatcheries # lemperature of about 29°C
is maintained.

Dissolved oxygen and pH are other import-
ant properties of the water for hatcheries. The
lowest safe level of dissolved oxygen for trout
‘hatcheries is about 5 ppm. but a higher concen-
tration of 7 ppm is preferred. According (o
Wickins (1981). salmonids and warm watcr
crustacea should not be exposed to levels of
dissolved oxygen below 5 me/ € for more than a
few hours. Equivalent levels for eels and carp
range from 3 to 4 mg/€. In other warm waler
species of fish and shnmp. shghtly loweroxygen
contents may be adequate. Oxygenation of
water in a hatchery is relatively simple and is
generally achieved by the manipulation of water
flow from the source or he use of appropriate
aerating devices. In sali-water hatcheries.
maintenance of the required salinity can be
important. although many species -are quite

_tolerant of fluctuations within limits. In order

to be able 1o repulate salinity when required.
salt-water hatcheries generally maintain
supplies of fresh water as well as sea water.

5.5.2 Reconditioning and recirculation of
water

Where the availability of good .a..n:a, water

is limited, hatchéries have to resort to recon-

ditioning and recirculation. In certain circum-
stances, it may also be considered nect

Xo reduce risks of infection by pathogens and
parasites through continued use of water from
external sources. When the water has o pass
through a series of tanks. it has often been
the practice in hatchenes to pump the water
through an aerator. after it has passed through
a certain numbet of tanks. before further dis-
tribution. Naturally, thare are intrinsic dangers
in such simple systems of recirculation. Though
oxygen can be replenished through azration
and most of the carbon dioxide dissipated. the
removal of metabolic products like ammonia

Desien urrd consiruction of aquafurins 3 #1

will involve more complex systems. which be-

sides reaeration and mechanical filtration may

involve bivlogical treatment. Recent designs of
semi-closed systems employ one or muore by-
pass treatment units. such as for denitnfication,
oxygenaton. ozontzation. elc. in prncple.
such recirculation should make it economically
fesible L0 gruw warm Waler Species in lemper-
ale climates by reducing the cost of heating. 1o
practice; there are many constrAALS O 1S ap-
plication in commercial aguaculture, but it can
be 1=ed in hatchery situations, when essential.

Ammonia can be removed by nitrifying bac-

\eria. Ammonia is first converted primarily by
Nitrosomonas to nitrous acid, then by Niiro-
bacier to nitric acid. The acid combines with an_
available base to form nitrites and then nitrates.
Nitrates are harmless in the reciculating sys-
tem. Even in proionged exposures in cuitur:
systems. no loxic effects have been reported
below 100 mg/¢ nitrate nitrogen (Wickins.
1981). Nitrite toxicity is influenced by water
chemistry. but it has been suggested that con-
centrations in hard fresh water should not ex-
cead 0.1 mg/€ nitrite nitrogen. and in sea water
1.0 mg/€ nitrite nitrogen.

There are several systems and designs em-
ployed in waste-water treatment for hatchery
use as well as for intensive aquaculture. Many
of them have besn described in recent literature
(for example Tiews, 1981). The most commonly
used und relatively more economic treatment
would appear to be biofiltration, which may
incorporate downflow filters (e.g. tricking fl-
ters), upriow filters or horizontal flow flters.
Several types of filter media are in use. such as
sand, gravel. oyster shells, plastics. anthracie,
activated carbon, diatomaceous earth and their
combinations. Besides serving as strainers, they

i ce area for biological growth.
Through biological growth and oxidation,
ammonia is converted into nitrite and nitrate.
The nitrate may be further combined with ions
in water to form salts orreduced 1o mitrozen
gas through a denitrification process. According
to Liza and Mayo (1974), with a rerenuion ume
of about 30 minutes and a hydraulic loading

rate of 1.0-3.7 £fs per m*, about 48 per cent of
the initial ammonia load can be removed-

A rotating biofilter process is employed as 2

secondary treatment. The basic unit cansists of
a half-cylinder tank, through the ends of which
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Fig. 638 Indoor shrimp spawning. ».
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Fig. 6.4 Hapas (cloth tanks) wsed for rearing carp larvac in ndia.

Fig. 6.4 Sieve-cloth incubators used for hatching carp cges in Nepal :..._.Esm_.un:" E. Woynarovich).

.

Fig. 6,47 A double hapa for hatching carp eggs.

x c Penaeid Shrimps in the Centre Oceanologiyue U
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Reproduction and Genetic Selection

As discussed in Chapter 3, one of the major
“crilena in selecting a species for culture is the
existence of either suitable techniques for con-
trolled bresding or easy availability of spawn,
larvae or juveniles from natural breeding
grounds. Even when culture can be initiated
using *wild seed', it is essential Lo achieve con-
trolled reproduction as early as passible, to
ensure timely availability of young ones in ad-
equale numbers for larze-scale reanng. It s
also a basic need in the domestication of the
animal and for taking advantage of the benefits

~ of genetic selection and hybridization that have
contributed so much to terrestrial agriculture

= - and animal husbandry.

Controlled breeding will obviousty be poss-
~ - ible only if there is adequate knowledge of the
. factors governing repreduction of the animal

and its breeding behaviour. Lack of such
knowiedge has hampered the progress of aqua-
-culture of several imporant species. The
extensive culture of Chinese carps. Indiun
carps, mullets, milkfish. sea-pass, sea-bream,
~=—  penaeid shrimps, oysters and mussels has been
#5=: =~ basedl until recently on ‘secd’ obtained from
¢ - matural breeding. Despite advances made in
77 - techniques of controlied or semi-controlled
T= breeding, the lechniques have not been suf-
t: — - hciently perfected or adapted for large-scale
2%~ production of seed. with the result that the
" aquaculturist has still to depend partially or
entirely on natural seed resources. There are
also species like the eels for which no propa-
- Balion technigue has so far been developed,
55 €ven though some progress has been made in
maturing and spawning under laboratory
‘conditions.
Among the aquaculture species. finfish as a
Eroup has reczived greater research attention

F’“?"!f;‘-*-l R

in controlied reproduction. The reproductive
cycles of almost all fish are regulated by en-
vironmental stimuli. Appropriate sensory re-
ceplors convey the environmental stimuli to
the brain in the form of neural inputs. This
- neural information, on reaching the hypo-
thalumus. causes the release of hypothafumic
peptides known as releasing hormones, which
in turn stimulate the pituitary gland to release
the gonadotropic hormone(s), which act on ths
gonads. The gonads in turn produce the sex
steroid hormones which are responsible for the
formation of gametes, as well as for the regu-
lation of secondary sexual characteristics, nup-
tial coloration and breeding behaviour. This
pattern of reproductive mechanism provides
the basis for methods of induced reproduction,
namely the provision of appropriate environ-
mental stimuli and the administration of hor-
mones for maturation and release of gametes.

3.1 Reproductive cycles

The large majority of aquaculture species are
seasonal breegers, although some breed inter-
mittently or continuously. Seasonal breeding is
generally related to climatic seasons. For
example, most fresh-water fish of temperate
zones spawn in spring and early summer, but
the salmonids spawn in autumn. Rainy season
and flood waters are associated with the spawn-
ing of fresh-water fishes of tropical and sub-
tropical regions of Latin America and Africa.
Obviously the fishes integrate their own repro-
ductive functions with environmental cycles.
The breeding season appears to coincide with
environmental conditions that are most con-
ducive to the survival of the offspring. These
favourable factors. that act as cues for a suitable
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breeding season, affect the central ncrvous sys-
tem and through it the pituitary and the gonads.
Photoperiod, temperature and rainfall are im-
portant factors involved in regulation of the
reproductive cycles, _

Mechanisms of reproductive Liming vary very
considerably among species. For example. in
salmonids that spawn in the autumn, gradually
increasing photoperiods followed by short
photoperiods or decreasing photoperiods have
4 mujor role in regulating the-cycle. Tempera-
ture has an important role in the reproductive
cycle of cyprinid species. Gonadal recrud-
escence takes place in Indian carps during the
period of the year when both photoperiod and
lemperature are increasing. Changes in the
volume and velocity of water, fiooding of shal-
low areas and dilution or replacement of water
are also considered to be imponant factors.
Warm temperatures and long photoperiods ap-
pear to affect also the reproductive cycle of
Chinese carps. A review of available infor-
mauon would appear 10 show that in the
majority of cases ponadal recrudescence is

* regulated chiefly by seasonal variations in

photoperiod-and temperature, while spawning
may be controlled by temperature and/or
rainfall.

The age of sexual maturity varies widely
between species. For example, tilapia species
become mature within a few months, whereas
others may take a few years. The same fish may
mature earlier in a warm climate and much
later in colder climates: examples of this are
ine common carp and the Chiness carps. The
ommon carp, which takes three to four y=ars

lo mature in Europe, takes only a year to attain
maturity in tropical regions. Chinese carps that”

take five to seven years to mature in Europe
become mature in one to three years in tropical
and subtropical conditions.

Some species have only one spawning season,
during which they may spawn several times.
Others may have two or more Spawning sea-
sons. Some species of finfish exbibit well deve-
loped parental care, which may consist of
incubating fertilized eggs in the buccal cavity of
the parent, or guarding the eggs and larvae
duning development. Many of the species that
exhibit parental care lay eges in nests made of
plant or other available material or in hollows
dug out on the bottom.

Some of the species like the Chinese ang
Indian carps that are essentially riverine
spawners would not spawn in the confined
waters of fish ponds or other enclosures. Their
gonads develop only up to a cenain stage and
then remain dormant untl resorption sets in,
They have however, been observed to spawn in
special types of ponds (called bundhs % FdT—
that have a flow of fresh rainwater, inundating
shallow marginal areas where the conditions
are favourabie for the fish to breed. The simuy-
lation of conditions in natural spawning grounds
may servs to induce certain fish to breed in
confined areas. The provision of nest-buiiding
material for nest-breeding species and the pro-
vision of artificial substrates for the attachment
of egzs required for certain species are also
believed to induce spawning.

8.2 Control of reproduction

In aguacuiture, the main purpose of controllzd
reproduction is to achieve sexual maturarion
and spawning at the time of the year which is
normal to that species. As mentioned eardier,
some species will not breed in the confined
waters of an aquaculture facility. In other cases,
maturation and spawning are unpredictable,
because of the culture conditions or environ-
mental factors. Controlled reproduction can
alsa be of considerable importance in advancing
or retanding the spawning period as required.
This can help in making available young cnes
at appropriate times or of appropriate sizes. A
higher level of reproduction controi wouid in-
volve development of the capability 1o-mature
and spawn a species al any time of the year, in
arder to enable continuous production and
marketing throughout the year. ;

The two major types of control that are
possible, consist of (i) manipulation of the re-
productive cycle and (ii) induction of gonadal -
gamete releass (ovulatiom and spermiation).
The reproductive cycls is manipulated so as to
have gametes available when needed. This may
be initiated in the juvenile stage, or advanced
or retarded in the aduit stage. Altered gonacal
gamete release can be achieved by no_.-u.onuh
supplementation, manipulation of environ-
mental factors or the use of special selected
strains.
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quirements. Vitellogenesis, or the process of
yolk deposition in oocyles, is a bmm.oonu_.o«
. cyclit phenomenon. All stages of it, staring
with the mobilization of lipid from storage
sites, Lhe synthesis in the liver of a _.n..:u._n.
spedific glycolipophosphoprotein, vitellogenin,
and is evenlual deposition in oocyles are
known to be gonadotropin-dependent.
The mteraction between the brain. pituitary
gland, tests and ovary largely mediales the
infiuence of environmental faclors on the re-
productive development of finfish. The thyroid
and interrenal may also have a Jess important
role. The substance formed by the nucleus
lateralis tuberis in the hypothalamus, which
is responsible for such infiuence is the gonado-
tropin-releasing factor or releasing hormone.
In the case of mammalian luteinizing hormone
(LH) and follicle stimulating hormone (FSH), _
the releasing activities for these two hormones
have been shown Lo be present in the same
peplide, which consisis of 2 chain of ten amino
acids (Schally and Kastin, 1972). The molecule
is referred to as LH-RH. The presence of LH-
RH has been demonstraled in certain species
of fish (Crim ef al., 1978) and il has alsu been
demonsiraled thal memmalian LH-RH or its
analogues in large doses bring aboul the release
~of ponadotropin.

... Even thouth auempls have been made with
salmonids, the induction of a completely new
reproductive cycle has nol yel been successful.
Chronic administration of conadotropic hor-
mones can, however, iniliale a normal re-
productive cycle and assure its progress. By
pellet implantation of hormones, it has been
possible lo advance normal spawning by ane
¥ear in pink salmon. The release of gameles
can be advanced by a single dose of hormone,
Similarly, it has been demonstrated that hor-
mone injections can induce lute ovulations, as
in brown troul, when malturity is blocked by
adverse environmental conditions,

As menlioned earlicr, the two major environ-
mental factors thal affect maturation and
Spawning are the pholoperiodic regime and
lemperature.  Although any definitive con-
nFm_o:m regarding the independent infiuence of
Pholopenodism have not been possible, there
!5 enough evidence of the combined cffect of

- -~ epeuies. WNen, by manipulation
of these faclors, early maturation is achieved,
egg-laying can more easily be synchronized by
hormonal injection. This helps in predicting
ovulalion more precisely and in avoiding apeing
of ova, which may occur.al high summer tem-
peratures. There is considerable experimental
evidence of the independent role of tempera-
ture in maturation and spawning. It is believed
thal spawning is limed lo ensure that gametes
are released mlo water whose temperature is
within the appropriate stenothermal conditions
for embryonic development. While the precise
mechanisms by which lemperature regulates
reproductive development are not known, il is
presumed thal it acts as a triggering mechanism
at the hypothalamic level or aliernatively exerts
a peneralized stimulatory effect on metabolic
rate. The influence of rainfall on the spawning
of certain speciss, as referred to earlier. is also

ascribed to the combined effect of lemperature .

and photoperiod, plus the dilution of inhibitory
elements in the water.

Another means of reproductive contral,
oriented 1o spreading epg production over Lhe
vear, is through the use of selected strains for
early or late spawning. Strains have been devel-
oped that spawn for much longer periods than
normal for the species. There is also the possi-
bility of using in a farm several strains, repro-
ducing at different times of the year, in order
1o ensure the availability of young throushout
the year.

8.3 Induced reproducticn

As explained in the previous section, the hypo-
thalamus regulates the reproductive functions
of the piluitary gland. The correct combination
of environmental factors required for matu-
ration, ovulation and spawning. brings about
an acccicrated release of gonadotropin from
the pituitary into the bloodstream. Np and
Jdier (1978 a, b) and Idler and Ng (1979) have
isolated Iwo gonadotropic hormones: one with
1 low carbohydrale conlen! that induces vitello-
genesis and the other which is rich in carbo-
hydrates, inducing maturation and ovulation.
The surge of gonadotropins that occurs brings
about maturational changes culminating in the
act of spawning. Environmental conditions re-
yuired for the initiation of cvevie maturation,

Tehla

Reproduction and genetic selection

plex than those for gametogencesis.

W Very often under culture nmna___o_.m. the re-

, quired environmental conditions may not be
availuble, or may not persist for a sufficient
length of time for spontaneous maturation 10
oceur. This has led to the development of
induced reproduction or hypophysation tech-
niques (Houssay, 1931; Yon Ihering, 1935 and
1937). By the injection of pituitary homo-
genates (fig. 8.1), the natural-gonadotropin
surge is simulated, by-passing to some exien!
the environmental variables of temperature,
rainfall, pholoperiod, etc. Besides the ad-
vantage of regulating the time of spawning, it
enables the adoption pf other methods of arti-
ficial propagation, including hand-stripping
(fig- 8.2). fertilization, incubation. hatching and
larval rearing; While hypophysation technigues
have been demonstraied 1o be effective in a
large variety. of fish species, its major contri-
bution in respect of aquaculture technologies.
since its first field application in Brazil in 1935,
has been in the inducement of spawning in
fishes thal do not ordinarily breed under con-
ditions of confinement or do so only under
specific environmental conditions. It has now
become a common practice in many countries
and ulilized widely in 1he reproduction of fin-

» - fish, despite the fact that the relevant mechan-

" isms are not fully understood and little

slandardization of the techniques has been
achieved.

Vitellogenesis in decapod crustacea. par-
ticularly Penaeid shrimps and lobsters, has been
shown lo be mediated by hormones. Muale
sarimps mature fully under captive conditions
and spermatophores can be seen through the
carapace. Female shrimps often do not mature
.E_:_. even though maluring eggs can be found
in =_n_ ovaries. The maturation process seems
lo be inhibited by a £onad-inhibiting hormone
(GIH) secreted by the medulla terminalis
ganglionic x-organ (MTGX) and stored in the
sinus gland. The y-orpan. which secretes the
moull hormone crustecdysone, also_bus an in-
fluence on maluration. The ablation (surgical
remov T SRIks. which have the w_w.:_.r
conlaining the mhibitory hormone., has been
shown to accelerate vilellogenesis in many
crustaceans. Besides environmental factors like
lemperature. pholoperiod, salinity and pH, the

| ovulation and spawning are much more com-  state of nutrition of brood animals seer

an important factor in the maturation Ho
spawning of shrimps.

3.3.1 Hypophysation
A more delailed description of the technigues
of induced spawning, including environmental
control employed for the brgediazefimportan:
aquaculture species, can be found in Pan 1.
Only some of the common features of induced
spawning. with special reference to finfish, will
be discussed here.
The mammalian gonadotropic hormones,
LH and human chorionic gonadotropin (HCG),
are effective in inducing maturation and ovu-
lation in fishes. Although a number of species
have been induced 1o breed by the admir-
istration of HCG or a combination of HCG
and mammalian piluitary extract, there are
certain refractory breeders. like the Indian and
Chinese carps. where fish pituitary homo-
genales or extracts are nceded lo induce
spawning. There are reporis of successful
breeding of even Lhese species, by using HCG
under certain circumstances. The Chiness !
carps, which have been bred two or three times -
+ by administration of fish pituitary extract. will
respond - positively 1o injections of HCG.
Bhowmick (1979) has reporied on the use of
crude HCG for induced spawning of one species
of Indian carp, Labeo rohita. It has, however.
been reported that repeated injections of HCG
‘could induce a ‘drug resistance effect’ reluted
1o the production of antibodies apainst foreign
proteins. Nevertheless. it wouid app=ar that
homogenates and extracts of whole pituitary
glands and partially purified fish ponadotropins
are more palent in inducing maturation and
Ovulation in fishes than mammatian gonado-
tropins, and can be used exlensively in com-
mercial fish culture. j
While the administration of the appropriate
hormone is basic 10 the success-of induced
breeding, the condition of the braod fishand -
the environmental conditions are also equally
important. The large number of failures in
induced breeding can oflen be traced to poar
condition of the brood fish, including their
health and nutrition and stage of ponadal
development, as well as 10 environmental con-
ditions in spawning tanks or enclosures.
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Fig. 8.1

. i
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‘Fig. 82 Hand-stripping of a mature female fish.

e
Chinese farmers believe that it is more difficult ~ The identification of sex is another im-
10 breed wild Chinese carps. as well as carp  portant requirement for successful induced
that have-attained maturity for the first time. breeding. Many species do not have distinctive
They prefer to rear spent fish in special holding  and permanent sex characteristics. When there
ponds, fed on a special protein diet, for future are no secondary sex characteristics. detailed
breeding, morphometric characteristics will have o be
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used to separale sexes, particularly in the pre-
puberty stages. After sexual differentiation. it
may be possible to distinguish the sexes through
examination of the gonads, This will involve
the use of endnscopy or biopsy. which is difli-
cult to use on a Jarge scale. Siphoning of eggs
and their examination under a microscope. 1o
determine the stage of maturity of females.
hive Wesmdeseribed by Chen et ul. (1969) but
the adoption of this method in large-scale
breeding work is not always very practical.
Other possible methods, such as the use of
serum markers or detection of circulating
vitellogenin, are also difficult to use in the
field. Aquaculturists have therefore to depend
largely on practical experience and field obser-
vations to distinguish the sexes and determine
the stage of maturity of breeders, Brood female
fish ready for spawning are identified by the
well-rounded and soft abdomen and swollen
genital opening. The male releases a few drops
of thick milt when its abdomen is slightly
pressed.

As indicated earlier, several species of fish
respond to injections of HCG and other mam-
malian hormones. and these hormones are
commercially available to aquaculturists. Many
species, which are more difficult to spawn under
confinement, need injections of fish pituitary
for maturation and spawning. There are dif-
ferences of opinion regarding the species-
specificity of the pituitary, but aguaculturists
generally prefer to use the glands of the same
or closely related species. It is recommended
that pituitaries from phylogenetically ciose
donors should be used, when there is a choice.
However, common carp is considered a uni-
versal denor and its pituitary is being used very
widey for both experimental and commercial
breeding purposes for several species. Salmon
pituitary is also used for breeding a number of

‘species, Though commercially available on a

limited scale, a large majority of aguaculturists
have.to depend on local arrangements for the
collection and preservation of the glands.
Glands of the recinient species or of other
proven donor species are used. Fractionation
and" purification of teleost gonadotropins are
still in experimental stages. Thouzh potent
gonadotropic preparations have been made
from fish pituitanies by means of chemical/

ethanol fractionation. they have not been useq
widely in spawning refractory fish.

Glands extracted from catches of the sejec.
ted mature donor species are preserved in
alcohol or acetone or frozen for storage. Freshly
collected glands are first desiccated in absolure
ethyl alcohol (changing the preservative sey.
eral times) and then stored i fresh alcohol at
room lemperature or under refrigerution. The
glands remain active for a period of about 1wo
years. Instead of alcohol, the glands can b
desiccated in acetone, changing it several times
as for alcohol. The desiccated glands are dried
in vacuum and stored in that condition or sealed
in vials and stored in frozen condition.
Acetone-dried glands retain their activity for
6~ 10 years. The glands can also be preserved
by quick freezing. but the most common *
method of preservation is acetone drying.

Though a number of methods of preparing
pituitary homogenates and extracts have besr.
tried, the most commonly accepted method is
extraction with distilled water or saline sol-
lution. The glands are macerated in a small
volume of water or saline solution and brough:
up to the desired volume. Distilled water,
common salt solution (0.3=1 per cent) and
physiological saline can be used. as they all
seem 10 give equivalent results. The hom-
ogenate can be used as such for injection,
or filtered or centrifuged to obtain filtrate or
supernate which can be injectad. Extraction
with trichloracetic acid (TCA) at low concen-
trations of 1.25-2.5 per cent for short time-
periods of 3—6 hours, is reported to-provids
more complete extraction and better resuits.
But this practics has not received wide accepi-
ance, probably because of the specific requirz-
ments of concentration and extraction time. [t
is reported that higher concentrations and/cr
longer extraction, can result in denaturation of
glycoproteins.

As pituitary extracts are ‘subject to rapid
enzymic deterioration, they have to be pre-
pared fresh every time fish are to be bred. This
is obviously inconvenient. Methods of pre-
serving extracts have been tried with some
success. One method involves the extraction of
pituitary glands in a small volume of distilled
water, and refmgerating it for 24—438 bours,
after which glycerine is added to make a 2:1
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ratio with water. The suspension m.m. again re-
frigerated for 24-48 hours, n,..._.zz_:,noﬂ uau
{he supernate sloréd under refrigeration in air-
light vials. Another 3.2?.& consists of grinding
acetone-dried piluitaries. sieving them througch
4(1— 60 mesh/mm- sieves and storing in mn...:nc
vials at 3°C. Both these 1echnigues are aimed
a1 achieving homogeneous preparations of
uniform polency.

Despile ils wide use, the dosage frequency
and latency period of pituitary administration
remains more or less at a trial-and-error stape.,
and somelimes leads topoor results. This is
mainly on accoun! of the varalions in the
gonadotropic content of the pitunary material
used and the stape of sexual maturity of the
brood fish. besides *he environmental con-
ditions and the stress 10 which the breeders
are subjected. The mode of injection (intra-
peritoneal or intramuscular) also appear 1o ai-
{ect results. Development of an acceptable
method of assessing gonadotropic conlent
should greatly assist in delermining practical
dosages. Though several biological units have
been proposed. mone seems (o have pained
wide acceplance.

8.3.2 Gzmeles and fertiiization

Injection of pituitary homogenate or extract is
usually given into the dorsal muscles above the
lateral fime and below the anterior part of the
dorsal fin. or the dorsal part of the caudal
peduncle. Injections into the body cavity are
considered less eificient. The required quuntity
of the gland 15 generally administered in two (o
[our doses (one or more preparatory injections
followed by one or more final doses). As indi-
caled earlier. suilable environmental con-
ditions. besides pituilary injeclion, will be
needed for ovulation to take place. Tem-
perature. high dissolved oxygen levels and lack
of stress are some of the important reguire-
ments. The process of ovulation takes some
time. depending on the species and environ-
mental condilions. Maturation of the ovum
sturts when ils nucleus stanis jo migrate from
the centre toward thesmieropy e and undergocs
hydration by absorbing fluids. Ovulation starts
with the disappearance of the nuclear mem-
brane and ends with the first meiotic division.
Al the sume ume. the follicle which attaches

"y

the eggs 1o the wall of the ovary splils and
releases the epgs into the cavity of the ovary.
from where it can freely flow through the geni-
tal opening. :

Many of the fish that are treated with pon-
m,._o:.o?n hormones start to spawn in the pres-
ence of aclive males alter normal ovulauion.
The eggs are fertilized by the male breeders
und the fertilized epgs can be collected easily
for hatching. Where.such induced spawning
does nol occur. il becomes necessary 1o strip
the sex products from the females and males
and artificially fertilize them. Ripe ova remain-
ing unspawned for long periods after ovulation
become over-ripe and do nol develop normally.
1t is also not uncommon for the phenomenaon
of *plugging’ 1o occur in gravid females sub-
jected 1o overdoses of hormone. In such cases,
natural spawning cannol be accomplished. since
a mass of ovurian egos forms a plug at the
urinogenilal opening. preventing the free fiow
of epgs. Stripping will be necessary 1o obtain
egos from such fish. Stripping und artificial
fertilization are necessary also for fish with
sticky cges like the common carp. Such eggs
will have to be treated to dissolve the sticky
layer, so thal they can be incubated in suitable
incubalors. A quick washing with a weak tannin
solution afier the eggs have swollen will be
effective in removing the stickiness of the eggs..
Common sall and carbamide (urea) solution
can also be used for removing the sticky liver.

The ovulated egz which has undergone the
first meiotic division will have the second mei-
otic division when the sperm penetrales it.
ending in the extrusion of the second polar
body. Further embryonic development leading
1o the formation of the first somatic cell com-
pletes the process of fertilization. The time
availuble for the ripe egg 1o become fertilized is
ruther limited in most fresh-water fish. as the
eges swell rapidly in water and this resulls in
the closure of the micropyle. The time available
for common and Chinese carps is ahout 45—6()
seconds. In saline solution the cgas seem 10

remain fertilizable for longer periods. up 10

severil minuics.

The sperm. which is immolile in the 1estis.
becomes motile on contact with the medium
in which fertilization takes place. The durition
of the activity of spermatozoa viries with the
species. butis generally not longer thim i couple

Reproduction and genetic selection {3

.oq minutes. In the males of mosl species. dense
semen having highly motile spermatozoa can
be obtuined withoul hormone injcction. Ad- gly
ministration of pituitary extracls brings about  guic
thinning of the seminal plasma and would facili-
lute spermiation. Relatively large numbers of
spermutozoa ure needed Ja fetilizean egp. For
example, the requirement of a trout egg IS
repori€d 1o be 10(XX)= 300 (X)) spermalozod and
of a curp egg 13 000—=3001X). This is due 1o the
fact that the spermalozaon can penetraie al
only one place, i.e. the micropyle. and the
distunce that can be covered by a troul sperma-
lozoon during its life span (2 mm) is often less
than the circumference of the ovum which is

about 15—20 mm. The probability of it reach-

ing the micropyle is therefore low. if the motility

is less. The number of spermatozoa com-

pensates for the low motility. It is necessary 1o

luke special care in regulating Lhe guantity of

waler added to the sexual products during fer-

tilization. 1f too much water is added. many of

the sperms will not be able to reach the micro-

pyvle. On the other hand. if sufficient waler is
nol added. the micropyle of an epg may pet
blocked by other eggs. due to crowding. pre-_
venting the sperm {rom entering it.

using dimethyl sulphoxide. glycerine. ethyl
glycol or other cryoproiectants and diluents
(Harvey and Hoar. 1979). Allempts at cryo-
preservation of ova have not been as successful
as for sperm. Zell (1978) reported the first
successful cryopreservation of unfertilized ova
and zygotes of salmonid fish. Ova frozen in
liguid nitrogen at —20°C for 5 minutes proved
lo be fertile. and zveotes frozen at —50°C
survived the exposure. All subsequent attempls

have failed. While it is difficull 10 predict

possible advances in cryopreservation of fish

pametes. it would appear that the resuits so far

indicate only the feasibility of shori-lerm

preservation of semen or the prolongation of

embryonation.

8.4 Preservation of gametes 8.5 Use of sex steroids for sex reversal

In certain situations and species. it will be
advantapeous to restrict fertility. A weli-known
example is the cichlid tilapia, which attains
maturity at an early age and breeds repeatedly
al short intervals. overpopulating ponds and
other rearing facilities. This resuits in stunted
populations, as enerpy is expended for re-
production rather than growth. Among the
lechniques that can be employed for restricting
fertility is the application of hormones to pro-
duce monosex populations. Androgenic and
oestrogenic steroids are used for masculin-
ization of genotypic females and feminization
of genotypic males (Jalabert o al., 1974:
Guerrero, 1975, 197Y: Shelton ¢ al.. 1978).
Genotypie female fry of the species of
Sarotwrodon (= Tilapiw). when fed on
methyliestosterone  and  ethynyliestosierone
hive become males. Similarly. monosex female
tilapia have been produced by treatment with
oestrone. cthynyloestradiol and stilboesterol.
While the feasibility of sex reversal by sieroid

In muny species, the maturation of gonads in
the two sexes is not synchronous. Males often
show testicular recrudescence eurlier during
the season. Because of this. ripe males occur
during the beginning of the season. when the
iemales are not yel mature and ready for
spawning. The reverse situation occurs during
the end of the breeding season. Under such
circumstances. it will be most advantageous to
have a suitable means of preserving the gametes
for anificial fertilization, when needed.
Methods of gamete preservation would also
heip in the initiution of genetic sclection pro-
grammes. oy providing casy aceess 10 a reserve
of genetic material of known and desired
qualities. .

Cryopreservation with liquid nitropen. used
widely in the preservition of catUe and livesiock
sperm. has been tried for the preservation of g
number of speeies of fish. Blaxter (1Y55) re-
ported successlul fertilization of fresh cpes with
cryvopreserved  (=79°C) sperm of .n._.:\.:s

harengus. Sections of ripe _mu_‘mm were stored in
80 per cenl sea waler containing 12.5 per ceny
ycerol as a prolecior. and the mixture frozen
kly or slowly at 1°C/min lo =3(°C. then
quickly to =79°C (using dry ice). Besides the
sperm of rainbow trout, spermalozoa of the
common carp. Chinese and Indiun carps and
grey mullet are among the cultivated species
which have been subjected to cryopreservation.
which consists of cooling and storing al sub-
zero temperatures of liquid nitrogen (—196°C),
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administration has been demonstrated. the
percentage of fish that underwent sex change in
any treated group vaned greatly. Since the
presence of even o small percentage of the
opposite sex in a population i sufhcicnl to
initate uncontrolled breeding, the value of the
results achieved so far becomes less signilicant.
- Similar experiments 1o produce monosex lish
have been conducted with salmonids and other
= species. Sex inversion of the protogynous
species of Epincphelus (E. tauving) has been
accelerated 1o produce male brood stock
from three-year-old females. by oral adminis-
tration of methyltestosterone. Production of
- all-fermale egws is now a common practice in a
number of minbow trout hatcheries (see
Chapter 16.1.2). The initial functionsl miles
required for fertilizing ova from normal female
brood stock are oblained by sex reversil. by
treating with 17 methyltestosterone through
immersion or incorpemition in starter feed in
the fry stage.

8.6 Genetic selection and .
hybridization
The use of genetically selected strains and
hybrids has contributed very substantially (o
modern agriculture and animal husbandry. Bul
aguaculture has so far benefited very little from
cfficient breeding and selection programmes.
Among the many reasons for this are the delays
i in the development of suitable technigues for
=° ' - controlled reproduction of many farmed species
i and the -paucity of genetic expertise among
- aguaculturists. Genetic improvements usually
Tequire long-term experimentation with a large
- number of individuals and generations. and so
“considerable time may elapse before useful
Tesuits become available. Moreover research
on farming technologies has not reached that
- level in most cases. when the only way to
~ Improve production is by genetic improvement
of the stocks, Except in a few cases. the present
technologies are too inefficient to benefit from
the use of selected stocks.
In traditional aguaculture. certain strains
- -have evolved as a result of environmental or
farming conditions without much conscious ef-
fort by the aguaculturist, as in the case of the
‘ommon carp, or as a result of the rule-of-
thumb selection. These more or less accidental
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strains can seldom be used with conlidence for
commercial farning,

There is no doubt that effective selective
breeding programmes are expensive and re-
quire more facilities than are presently available
in most aguaculture farms or even institutions
that ean function ascentral stations for breeding
and distribution of aquaculture species. Though
the economic benelits of selection programmes
have been worked out for domestic animals,
comparable evaluations are few in aquaculture.

As pointed out eartier., the number of dom-
esticated species used in aguaculture for food 1s
limited (unlike in the culture of ormamental
$pecies). but the number is steadily growing.
Opportunities to increase the production
properties and adaptation lo a new environ-
ment of species through selection can there-
fore be expected to expand in the future.
Kirpichnikov (1966) gives some of the main
aims of fish selection as follows:

(1) To increase the growth rate by betier
utilization of food (physiological decrease
of food expenditure per unit of growth
increment):

(2) to increase the growth rate by fuller util-
ization of natural food in ponds and higher
consumption of feed mixtures:

(3) to incrense resistance to oxygen deficiency,
to high or low temperature, to higher
sulinity or lo other deviations from the
normal environmental conditions:

(4) toimprove resistunce to infectious diseases
and to infestation of parasites (to develop
new breeds resistant to particular diseases):

(5) to improve the nutritive properties of fish
(toincrease the calorie content, (o decrease
the proportional weight of non-edible
parts. to decrease the bone content, to
increase or decrease the fat content, etc.).

Other aims may include speeding up of sex-
ual maturation, the ability to reproduce at rela-
tively low temperatures and the slowing down
of maturation to prevent early swilching over
of metabolism to develop sex products. af-
fecting growth and resulling in prolific
reproduction.

The relative advantages of a fish in genetic
breeding schemes are brought out by Skjervold
(1976), using salmonids as an example. Among
the most important of these ure:

1

Reproduction and

¢ Very high fertility. leading fo high “litter’ of
considerable importance in selection work.

o External fertilization, which makes it poss-
ible 10 have several combinations of matings
and the production of many “litters” of farge
numbers of hall-siblings.

s The high ferility of females. which enables:

(a) some types of family selection. even
when the heritability of the selected trait
is low, as large family groups will in
practice result in rather accurate esti-
mation of the breeding value:

prugeny testing among females. which
cun be carried out by using mixed sample
of semen, or semen from sires of known
brecding value:

the improved possibiiity of estimating
non-additive genetic components. be-
cause of the combination of high female
fertility and external fertilization:
anificial manipulation of chromosome
content. which is facilitated by external
fertilization, and

easier hybrid production due to high
female fertility and the remarkable abii-
ity for crossing as observed in nature.
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The main disadvantages of fish for genetic
breeding ure the rather long generition interval
of many species, particularty in cold chmutes.
and the merarchies that may develop in fish
populatons and which may contribute to size
vanations.

Genetic gains through selection. as in the
case of salmonids, are deperdent on selection
differentials and genetic vanance of the rel-
evanal traits, which are mversely reluted 1o ths
length of the generation interval. Gjedrem
(1983) presents average estimates of heritability
and a coefficient of variation (CV = (g /x)x

100) (see Section 8:6.1) of several species. as
shown in Table 8.1.

The high phenotypic varance of the body
weight of adults. together with the medium
hentability as seen in Table X.1. show that.

there is o large genenc vanancs for this trait

for these species. Though mortality shows low
hertability. resistance 1o speaific disemes snows
medium to high hentability. Similariy. the meat
quality traits show some genetic vanation.
though it is low in the dressing percentage. Aus
at sexual maluration shows medium hentability
in rainbow trout but a high one in the Atlantic.
salmon. The conelusion is that the possibility of

Table 8.1 Averaee values of coefiicients of varmation (CV) and hentabilities (hd) hased on the sire
companent for economically impontant traits (supersenpls give number of estimates involved) (from

Gjedrem. 1983).

Ecunomically Rainbow  Atlantic Common  Channel  Tilapia Oyster  Prawns
important trait trout salmon curp catnsh

CV K CV K CV h CV W Cv b Cvh Ve
Body weight. 337 0.2 780 oo8' 0.5 w04 2 om' w3 0
juveniles g

Body weight, adulis22” 0.17° 27° 03s' 22!
+ Body length, 4028 23t 0
juveniles

036 27 049 :
012" 80 et 047

Body length, adults ¢ 0.17°  §° 0417 8 0.6
Mortality/ 014! 0t 2! 3
resistance o

: ———== 1
Curcasy (ratls
Meatiness 200 04t 1! b
Meat colour 230 o' 16t oot . ; .
Fat (%) 0t 047! o' 8 0.3 C
Drussing (% 6 o' 4003 20
Age 2t maturation 0.18" 041
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genelic gains ffom selection programmes in
aqualtic animals is high and compares favour-
ably with terresinal animals and plants.

8.6.1 Mcthods of genetic sclection

As pointed out a1 the beginning of the last
section. the development of some of the earlier
strains of common carp and trout has not always
been us a result of planned selection. Carp

“furming in different regions has led to the

establishment of sirains which appear 10 have
adapled 10 the gencral climatic conditions
under which they are grown. and which grow
faster than the wild strains. In rainbow trout.
the usual practice has been 10 pick the hesi-
looking fish from a stock 10 be the parents
of the next penertion. These common-sense
approuches cannot be depended upon in a
cultivalion programme 1o achicve genctic
improvement. =

Most economically imporiant charucteristics
of cultivaled organisms are meuasurable and
therr vanation within a population usually takes
the form of a *normal’ distribution (Purdom.
1Y72). Such a distribution of measurcments
occurs because the magnitude of a charicteristic
is determined by a larpe. often variable, number
ol factors. some of which are environmental
and some genelic. The separition of environ-
ment and heredity has besn one of the main
aims of sludies on population genctics. The
rchiable models of (he inheritance of the
measurable characieristics can he used for pre-
dicting and control ing the gains from penetic
selection within cullivated specics.

The variation of chariicter between in-
dividuals can he expressed oS “varince’. the
meun square deviation of individual vilues from
the mean. This s called the phenotypic variance
(Vi) of a sample or populabion and is the sum
c_._,,,.cﬂ_:..g:o:_? the environmental viriance
(Vi) and the Eenotypic variance (V;). Hence
Vo= Vi + V. The proportion of phenotypic
Yarkinee that is senelic (V:/VL) 18 approxi-
malely equal 1o the vilue of “heritabilin which
Measures (he proportion of additive acnelic
inheritance in (he phenatypic varianee, 11 g o
Measure of the degree 10 which multiple senes
comrol resembliinee helween offspring and
::.:. Parents in the face of 3 pirticular set of
madifyving environmental ficlors, Heritahiliny

=

can be used 1o predict selection gains in the
formula R = hS, where R is the response,
measured as the change in the mean from one
generation to the next, and S is the ‘selection
pressure’, or the difference between the meun
of the selected parents and the meun of the
ion from which they were chosen.

As indicated, the ratio of V; 1o Viisonly an
approximale measure of h®. More reliable
Vulues canl be obtuined through parent/off-
sSpring correlations or by the use of the above
formula in a selection. Though luborious and
time-consuming. il is essential to have an in-
dication of the magnitude of h” before starting
an exiensive scleclion programme.

The primary reason for desiring estimates of
heritability is 10 enable prediction of results
expecied from o piven level of selection. The_
clfectiveness of sclection depends upon:

(1) heritability of the atribute (h?).

(2) desree  of variation in  the
(ap). and

(3) intensity of selection applicd in (1),

attribute

According 1o Falconer (1981). the antici-

‘patled response (o sclection (R) cin he stated

algebraically as

R = iah?

where

R = mean of offsprina from sclecied pirents

minus mein of all adults before selection
mein of group selecied minus

minus mean of all adults before selection

‘_

n = phenotypic standard deviation of the
altribute

ability estimate for a particular

attribute

=
Il

Mass selection

Mass selection, or individual selection. is hased
on chirracteristics of the individuls under selec-
Lion as opposcd 10 selection hased on the per-
formance of their r latves, It is one of the
stmplest and most commaon methods emploved
in breeding programmes. where the charuc-
feristic 10 be improved s casy 1o measure. It
tin be used clficiently in selection for growth
rile and (o some exient lor ape maturity.

Reproduction and genctic selection

As stuted ubove. response in mass selection
(R) is determined by the general equation

R = ioh? = Sh*

where 3 A .

S = sclective differential (the difference in a
certain trait beiween the individuals
selected and the population as a whole).

h= = heritahility of the g:—n_.n:nnu. (the share

of additive genelic variation in the
general variatior of the churacter). and
inlensity of selection.

The high fecundity of cultivated fish causes
high selective potential and intensity of selec-
tlion compared o domestic animals and pouliry.
In performing mass selection in fish breeding.
the selection severity coefficient or the rejection
rigidity factor (V) is caleulated by the eyuation:

i
N
where
i = the number of individuals selected and
N = the 1otal number of fish grown.

In figl 8.3 the intensity of rejection is plotted
dpainstits severily on a semi-logarithmic scule.
The curve ablained shows thal there is a sharp
increase in the intensity of selection with de-
crease in the severity cocfficient within the
range 100=10 per cent. A further decrease in
V (down to 1 percent) resulis in 2 considerably
lower increase in i with further decrease in V
(0.1=0.01) there is hardly any increase in i For
fish with high fecundity. selection gives best
resulls when the sevenity of sclection is 1—(),]
per cent,

Response o selection is directly praportional
lo the heritability of the charicter (h=). In
Mminy cascs. a rather accurite estimate of the
value of heritability of the character can be
obtained from the cquation:

e &

o

To abtain the estimate. selection has 10 be

conducted in several successive gencritions.
For increasing response in muss selection,

the values of i, o and h® hive 1o be inereased.

The value of i can be raised in fecund fish by

|

w
T

N
I

=
I
\

Intensity ol selection (i)

0 = .
0.001 0.01 0.1 1.0 10 100

Severity of selection (V%)

Fip. 8.3 Rclmion between intensity of selection and
its severity in cattle (A). pauliry (B) and fish (C)
(adapted from Kirpichnikoy, 1971).

increasing the number of individuals and.
through this. increasing the severity of selee-
tion. Variability shoukd relate only to genetic
and not environmental variation. as the latler
is conditioned by the non-additive genelic
variation. To increase h” values, non-related
individuals have 1o be crossed. Outbreeding *
increases the degree of heterozyzosity. i.e.
increase in genetic variation. but inbreeding:
results in higher homozygositv. A sufficient
number of fish should be available EVEry vear
for crossing. 1o enable selection of fish irom
different crossings for breeding purposes.
Another method of INcreasing genetic variation
15 by speeding up the process of mutation
through irradiation and chemical mutagens,

Non-hereditary variation can be. depressed
by following special rearing methods such as.
growing  spawners under favourable  con-
ditions for maturation. simultaneous cross-
ings. incubation of all eggs under identical
physico-chemical conditions, growing larvac
and young ones under conditions that do nat
promote foad competition., avoiding the mixing
of stoeks grown in different ponds or enclos-
ures. and by sclection g he aige when the
animal is more susceptible 1o improvement by
selection. i

__. 18 :nnﬁmz:q L0 point out here that a long
penad  of  one- Ay selection for  certain
charicteristics may”bring ahout changes in
other morphogenctically or genetically cor-
relited characters. There yre many observed
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in the course of long selection, It may
attempt to combine the qualilies of _....._“M.q.
several breeds, species or even penera.
m_mn_” crossings 1o produce new breeds
should ensure the preservation and per-
fection of the productive gqualities of the
bresd, the presenvation of genetic vari-
ability and the prevention of inbred
depression. :

Distant outbreeding is ma&mun:mua_n.,m: the
selection of aquaculture species. The aims of
such crossings are as follows (Kirpichnikov,
1971):

(1) an overall increase in genetic vanability,
resulling in an increase in selection
response. :

(2) achievement of a combination of charac-
tenstics of two or thres bresds or. Iwo
(rarely three) species.

(3) improvement of the productive quality of
the local breed by making use of the few
valuable traits of another breed,

(#) increase in the viability of the breed by
introducing penes responsible for resistance
10 environmental factors and diseases.

Kirpichnikov (1971) describes different cross-
breeding patterns 1o achieve these aims.

Reproductive crossing is supcested when
Valuable properties from both parents are 10 be
combined in the hybrids. It can be done with
complete fenifity of the hybrid and requires
only meticulous selection in (he subsequent
2enerations,

{miroduciory crossing will be advantageous
vhen one or only a few characteristics from a
oreed have 10 be mcorporated in the hybrid.
Each generation of the hybrid has to be crossed
ith the local breed and sp there is the risk of
losing the usefuj charactenisiics of the improved
breed in back crossing. particularly in the cuse
of polypenic inheritance of properties selected.
This Iype of crossing is of considerable use in
selecion for incrensed Tesislance 1o certuin
diseases. which s often dependent on the
presence of one or a few EENes. These geiies
tan be preserved by means of proper selection
In each generation.

A v..E%:._... crossing differs from mn_:x._sn_oa,
CTossIng only in that jis Pumose is a nearly
complete substitution of the local breed of
FENOIYPE by (he EENOLDe of the improved

170 Aguaculiure: Principles and Practices

breed. Only some features of the local breed,
such as viability. are preserved. .

Alternate crossing is the most complicated
svstem which 1s most useful when a combinution
of many characteristics from two breeds with
polygenic inhenitance is required. It ullows the
preservation of high genetic vanubility through
a number of generations. Selection efficiency is
kept at a high level owing to this variability and
does not reach a plateau. The main problem of
obtaining new hybrid breeds by means of cross-
ing (interspecific or intergeneric) is their com-
plete or partial sterility, which takes a lot of
lime-consuming work to overcome.

A number of breeding systems have been
proposed to utilize completely the advantages
associated with heterogeneous crossings. Par-
allel breeding of two or maore groups within 2
breed is possible when working with slowly
maluring spectes. without intermingling. aliow-
ing a moderale inbreeding among each and
carrying oul selection in each generation. In
breeding in groups for family selection. a larpe
number of crossings from different Eroups are
carmied out for euch generation. The pirents
producing the best offspring are used for sub-
sequenl commercial crossings. This syslem
suffers from the drawback that the genetic
variability gradually decreases during family
selection. Moav and Wohlfarth (1967) rec-
emmend thal a reserve group of a sufficient
number of individuals should be kept for each
group when selecting two groups marked by
ceriain penes. In case of a drop in genetic
vanability, additional gene pools can be
introduced into the exhausted group.

Another possible system is alternaie in-
breeding and outbreeding. After 1wo or three
gencrations of close inbreeding, the evaluation
ol hybrids from different inbred lines is per-
formed. The best combinations are used for
commercial rearing and among the offspring
new inbred lines are established. Linear selec.
tion involving inbreeding for superior ancestors
and lop cross, where crossing is done berween
the best inbred individuais (say males) and
individuals from the outbred population (say
females) 10 prescrve the genetic vanability,
are other methods that have applications in
dguaculture,

O.:.,. of the mast complicated lechnigues of
breeding s reciprocal recurrent  sclection
(RRS). where the combining capacitv of the

parents from each of the two groups is evaluated
by means of a cross with parents from the other
group. The individuals thus selected are repro-
duced without recrossing and their offspring
apain lested for combining potential. .

The basic feature of all the sysiems described
is the utiizntfor=of heterosis in crossing indi-
viduals from different groups. lines and breeds.
Along with this, moderate fo very close in-
breeding is employed. The most appropriate
system would naturally depend on the species
and the traits that are of imporiance in com-
mercial culture. Gjedrem (1985), however.
proposed a cross-breeding scheme for fish
farming as summarized below:

(1) Test all possible crosses between different
strains or species for the economic traits in
question and select crosses that are likely
lo give useful results. It may be better 1o
use strains wilh very different origins and
which. in combination. have favourable
traits.

(2) Develop inbred lines and test the crosses

under natural conditions to find the most

valuable cross for farming.

Start an RRS programme 1o ensure

continuous genetic improvement. utilizing

both general and specific combining abili-
lies simultaneously.

—
wd
~

Chromosomal manipulation

As mentioned earlier. the sex of fish that are
nol differentiated into males or females af
nalching can be controlled by the use of sex
sicroids at the time the gonads are diffcren-
liatine. While direct masculanisation is fre-
quently easier, feminisation has also been
possible in 'some species. Methods employed
for commerzinl production of all-female rain-
how trout by using sex-reversed functional
males and genetic females s summarised in
Scction 16,1.2. An alternate method of produc-
ing monosex stock is 1o induce sterility, and this
can be done by the administration” of high
doses of sex steroids or by chromosomal
manipulation.

Chromosomal manipulation for inducing
polyploidy. Lynogenesis and androsenesis has
ocen studied with a view 1o controlling sex. as
well as for -rapid inbreeding. Manipulation
becomes feusible during the nuclear cxeles of
cell division. and since fertilisation in fish is
external. artificial meins cin be emploved to

Reproduction und genetic sclection

1m

ither gamete before an__um_:o:. or 1o the
Mn:ﬂw____auﬂ eppat N:v.—..ﬂlg during the formation
ole. ]
oa.__.wm nnv_.mdaomoan number can be .:n_.nwmaa
jecting 1he egg o a pressure or tem-
ww_.“nwﬂ m_..om..w m:a%_w after fertilization. The
normal expulsion of one sct of maternal
chromosomes is prevented. and so after fusion
of the chromosomes from the sperm. the devel-
oping embryo contains three sets of chromo-
somes instead of the normal two sets. The
extra set of chromosomes in the triploid indi-
viduals interferes with ponad development.
Such induced triploidy is aiso useful for produc-
ing individuals with increased :nun_”cnu.moa.:u:

.Ov_uown:nmw. Lhe _..E.:..naom"n_...n:n nnem.o?
ment of eggs afier activation with genetically
inerl spermaltozoa. is a veryveffective means of
achieving relatively rapid inbreeding. 1t can be
used 1o generate all-female siocks and for
gene-transfer. )

By exposing milt 10 a very high dose of
atomic radiation (for example by using the
radioactive isotope coball-60). the chromo-
somes of the sperm cells are destroyed. The
mill is kept an ice at (°C during radiation and
can be stored thus for several days without loss
of vitality. When the irradiated milt is mixed
with eggs. the sperm celis penetrate the egos
bul play no further part in the development of
the egg. The embryo develops from the egg
materal only. without any male chromosomes,
Since the egp is haploid (with only a single set
of chromosomes). 1he developing embryos are
also haploid. Though most of them die at or
soon after hatching. there will usuaily be some
gynogenetic diploids (with a double sei of
chromosomes), as a resull of spontaneous
diploidization of the female chromosome
complex. To increase the frequency of dip-

- loidization of the female chromosome complex.

lemperature shock cun be usad. Treatment of
eags with low und high lemperatures at the
time of meiotic divisions results in disturbances
in the process, such as disintegration of the
spindle. due lo which none of the chromosome
sets can form the polar bady. or the return of
the palar body into the plasma of the ovum,
The output of genctic diploids varies greatly,
being high under favourable condilions accord-
ing 1o the strength and duration of the 1em-
peruture shock and the stape al which il is
administered. ,
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