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FOREWORD

This "Elementary Guide to Fish Culture in Nepal" is deaigned for praotical uwees in the
training of extension workers and progreesive fish farmers in the techniques of fish culturs.
Recent experience in a pilot commercial fish culture demonetration in Nepal has shown that
it has a promising fulure in this land-locked country. _

The guide was written by Dr. Elek Woynarovich, FAC Inland Fishery Biclogist, during hie
assigmment in Nepal on the FAQO/UNDP Inland Fishery Biology Project (DP/NEP/53/008) betwesn
March 1968 and December 1973. Dr. Woynarovich, a noted international expert in fish
culture, has compiled this document based on his many years of experience and his recent
work on the project in Nepal.

The detailed and practical information covered in this guide ranges from "fish ponde
and their construction", the “biological background of fish production in ponds™ and "figh
oulture” through the"propagation of cultivated fishes". Included are 49 drawings by the
author, which depict the various factors invelved in fish culture. :The cover photograph
showa part of the first catch of carp at the Government's Pipley Pish Farm.

Grateful acknowledgement is made for ithe financial assiptance provided for the
publication of this document by funds contributed frem the joint Uneaco/FFHG Gift Coupon
Project 390 "Food for all Mankind”.




The devignations amployed and the presentation of the materiel in this doowment
do not imply the expression of any opinien whatsoever on the part of the United Hations
or the Foud and Agriculture Organisation of the United NHations oconcerning the legal or
oonstitutional status of sny countiry, territory or saa area, or concerning the
delimitation of frontiers.
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1. FISH FONDS AND THEIR CONSTRUCTION

INTRODUCTION

Although the supply of animal protein in Nepal ia far below the demand, 1% is
only very recently that sufficient interest has generated toward developing Tish
culture in the country. During the last decade two commercial fish farme, two small
fish farms and three fish breeding centres rLave been established. TIn addition to
these » few private fish ponde and farms are aleo funotioning in different parts of
the countrys On the basis of the experience gained from theae enterprises, it hes
been concluded that fish culture has a bright future in this land-locked country.

The productivity of the ponds 1s very high and the growth of the different
oultivated species is excellent, The growing season for the fish ig more than twice
that in moet Eurcpean countries. The economice of fish culture operations appear to
be favourable amd the protein-food preduced in the ponde is less expemsive than in
other sectors of animal husbandry.

In the different types of freshwater gystems of the wgqrld there exist a large
nmumber of fish epecies having widely differing characteristice. All these species
are not suited for cultivation. Some of them do not grow bigger than a finger length,
while some others are very asensitive and cammot survive culture conditions. Many of
them are carmivorous types, which predate on the smaller fishes. The species which
have been traditionally chosen for oculture are: common carp — the oldeat cultivated
fioh, grass carp, silver carp, big-head carp, three or four species of Indian major
carps, selected catfishes, trout, etc.

Experience has teught that some epecies of fishes grow large an? mirturing them
in confined water does not affect their growith properties, provided an adequate
amount of food is available, either produced naturally or supplied artificially.
Under certain conditions soeme of theae fishes hove also propagated themselves in
impounded waters. These species have established themselves as cultured species and
one or more of them are now being wtocked in fish ponds. Presence of undesirable
fishes in & fish pond will hamper the growth of the cultured ones by consuming at

~ least & portion of the food materials available.

Under the controlled conditions existing in a fish pond, the ultimate yield is
very much dependent on the density of fish stocked, fertilization and feeding. The
baglo principls involved i1e the conversion of chesap food material and offal into the
highly eateemed and protein=rioh fish meant for human consumption.

The bastic requirement for fish oulture is the fist pond. Different types of
fish ponds, auch as nursery ponds, rearing ponds end stv.xing ponds, are essential
components in the ohain of activities resulting in the production of market size fish.

In general, all fish culture practices involve breeding amd stocking, meseures
‘to increase maturel food, artifioial feeding, diseage and parssite control, removal
of undesirable aquatic vegetation and weed fishes, harvesting, marketing, eto. The
firet step in fish culture relates to merely stocking of sujitabla species or combina-
tion of species in the pond and harvesting when the fishes reach marketable size.
The second step involves the elimination of unwented or wild organisme frem the pond
before stocking the desirable speciess At this stage the productivity of the water
varies, depending on the condition of the bottom moil and the fertility of the water.
The next step relates to the use of mamures orfertilizere to inorease the production
of natural food organioms in the water, The fourth stage involves artificial feeding
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aeni henoe the production varies, depending upon tha efficiensy of the specie

8 culti-
vated and the nutritive value of the feeds The Pifth atage relates to culture with
intensive feeding rates in running waters, which process eliminates the waste produots.

THE FIS3 FOND AND ITS CONSTRUCTION

General Remarke on Fish Ponds

Figh culture is the art of releing and growing fieh under controlled conditicnes
in order to achieve the meximum yields The fish pond needs a stable water source and
the water should contain necessary energy, nutrients and fish food organisms. The .
growth of natural food cen be promoted by regular and rational fertilization amd/or
menurings If artificial food also is to be added, a profiteble ratioc between the
natural and artificial foed will have to bs waintained. The number of fish in a
given arca (atock density) will be direotly related to the fertilization and feeding
programmes. Other important taske in fish cultwre activities are construction and
mzintenance of ponds, oropping, transport, etc.

A typical fish pond is & drainable water body provided with water through an
inlet and emptied by en outlet. It should have depth commensurate with the type of
fish oultured. Although most of the species of ocultured fish live in stagnant water,
it ie necessary for the fish pond to have a stable water source for maintaining the
water level. )

A number of fish pomde integrated econemically into a production unit ia
referred to as a fish farm. Such a fish farm will have different types of ponds, viz.,
gegregation pond (for the segregation of brood fish), epawning ponds, nursery ponds,
rearing porde and production pondp. Thege difforent types of ponds vary mainly in
#ize, depth and type of management.

Economic Sige of Fish Fonds .

Each type of fish pond mentioned above has an economic size depending on the
specific purpose, the species cultivated and the land available. A small rond eatis-
fying all necessary conditions may perheps be good for fishes fed entirely on
balanced food but mot suitable for those which need natural food in addition to arti-
ficial feeds.

The economic size of fish ponds may differ in various reglons and under diffe-
rent ecologioal conditionss For instance, in Hungary production ponds may not be
lean then 15 ha and the economic size im conmidered to be 5=100 has In Isreel, whers
water shortage 1s e serious problem and fish culture is therefore vary intensive,
ponds of 5-20 ha are considered as large ones. In Nepal, since land suitable for fish
pond construction 1s rather expensive, the economic aize may be from 500 m? to 1 ha,
and production ponds in farms may be about 0.5 to 5 hae

nomic Depth ndeg

The optimum depih conditions for fish ponds in Nepal have not Yot been determined,
However, based on the experiemoe gained in European countries, it may be stated that
the fish ponds in thie ocountry should not be deeper than 1,5 ms In Europe, the carp
ponds with an average depth of 1 m are considered to be most ecomomic.
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Certain types of ponds, like breeding and nursery pondm, are generally built
ghallow and can be dried during the greater half of the year im order to destroy the
“Qdﬂo

Desper ponds need stronger walls. Further, the cost of construction of guch
desper ponds would be high as the portion above the water level alse hes to be propor-
tionately higher, In deeper waters, if turbidity occurs, sun reys do not penetrate
down to the bottom resulting in the formmation of unproductive bottom zones (desert

~ 'gomes).

Types of Fish Fonds

122e401 Segregation, mpawning and nursery ponds

The pize of a segregation pond will depend on the rumber of brood fish to be
etocked. If only light feeding is propoesed, 2530 m~ of water area can be expected to
provide natural food for one brood fish and if intenaive feeding is contemplated,
10-15 n° will be the minimum area for one fish. The best depth will be 1=1.5 ma

A typical spawning pond may not be more then 1 000 m2 in area and of an average
depth of 0s7=0¢8 ms Such a pond will have to stand drying during off seasons.

The size of nursery and rearing ponde should not be larger than 2 000 m2 tut they
cen be smaller in order to facilitate easy netting operations.. A pursery pond of
200~600 m? in size can be conveniently harvested. Three to four week old fingerlings
can be reared in ponde of 500=2 000 m<. In actual practice — from the production
point of view - the intensity of culture amd right management techniques are more
important than the size of the pond,

1 2’040 2 Ban'a,ge ponds

Barrage ponds are made by constmcting a wall across a gently sloping flat
‘valley', with 2 small stream as the source of waters The pides of the ponds are
formed by the slopes of the valley and a series of ponds can thus be made, the water
pessing down from ome pord to anothers Such ponde should not be constructed in
areas which are liable to large-scale floodings In order to avoid normal flooding, &
apillway may be constructed ag described later in thie menual. Improved versions of
such ponds can be made by diverting the water from the streem by means of an arti-
fiolal canal which can feed the different ponde meparately.

It 18 not advieable to comstruoct barrage ponds in the broad river beds in Nepel.
However, coneiruction of such ponds may be feasible in the drier regions of the
countrys The abardoned or old river beds, resulting from the divarsion of the water
courses to new sites, can be conveniently used for constructing such fish ponds,
meking wse of natursl depressions end slightly sloping places within such areas.

162e443 Contour ponis

Contour ponde are construoted along the side of a valley, the bottom being of a
slightly sloping contour. The water source can be a candl, river or reservoir (see
Fgures 1 and 2).




fe2.4e4  Paddy ponds

Paddy ponds are comstructed on flat ground by building the dikes on all four
sides and are fed by a canal or ditch from a river. This type of pond ip compara-
tively larger but more expensive than others. It ie cheaper te comstmct bigger
ponda, as illustrated in the following examplet

a 400 m long dike will enclose a 1 ha pond, costing sbout N.Ree 48 000; an 800 m
long dike will result in 4 ha costing NsRs. 9 000 per ha and a 1 200 m long wall
will produce & 9 ha area costing N.Res 6 000 per ha.

1e 2.405 Undrainabla ponrls

1+2.5

The traditional method of comstruoting ponds has been to dig out 2-3 m deep in a
suitable area in which water accumulates either from rainfall or seepage from the
bottom. Currently, such dug-out ponde are constructed only in special circumstances, .
such as when s01l is needed for other purposes or when the size of the pond is amall,

In some regions of Nepal there are areas with a high water table and mand or
gravel subsoil where non-dreinable or dug-oui ponds may be comgtructed. Such water
reservoirs can be profitably used for fish culture. They need not have inlets or out-
lets and the seepage problem will not be detrimentale Even natural or artifioial
excavations can be modified into such ponde. However, the dug-out pondse have asome
serious limitationss Harvesting and preventing wild fishes entering into the pond
would be difficult. Cost of construction can be attractive only for pondes of less of
than 500 m= in area. An example of the higher cost of construction of bigger ponds
is given belows

In a dug~out pond area of 1 ha, 20 000 III3 earth muat be removed for 2 m of depth.

With thies much soil, & 1 330 m long dike of 1t3 slope, 1.5 m oxown width and 2 m

height can be conatructed, which would enclose &an area of 11 ha.

. »
Other disadvantages of undrainable ponds aret the ponde cannot be dried, which
is essential for modern fish culture practices; organic detritus will acouwmulate &t
the bottom after some years, which can result in large-scale fish mortality; it ie
rather difficult to control parasites, diseages and weeds; the production rate is
comparatively less in undrainable ponds, and intensive fish culture by feeding and
fertilization is more difficult in undrainable ponds.

Construction of Fish Fonds

A oonniderable amount of plamning and deeigning is necessary for the construction
of efficient fish pondes. Although the choloce of the design is very wide, it is neces-
sary to arrive at a compromise &s regards the ease of oonstruction and cost involved.
The basic principle to be horne in mind in designing a fish pond is that the construo-
tion phase will lapt for a short period only but the production phase has to be econo=
mically advantageous for many years. Therefore, it is essential that the fishery
blologiat = who knows best about the requirements of a fish pond for achieving best
production ani the engineer who knows about the possibilities and cost of construo-
tion = jointly disouss the various pros anl oons aml finalise the most suitable
design for the mselected loocalitys It may eo happen that the fish oulturist himself
may have to do the designing and conmstruotion work and eo it is essential that the
basio dstails concerming the construction of fish ponds are reviewed here.



1022541 Topographical survey ard design

A topographical survey in the present context does mot necessarily mean a diffi-
cult and epecial’zed operation, which muet be undertaken only bty 2 gualified engineer.
However, when a fish famm is contemplated, it would be neceseary to get the services
of 8 oivil engineer.

For the purpoas of making a topographical survey by the fish culturiet himeelf,
the ‘basic equipment required is a small table of 1 m height, & spirit level (generally
uped by masonse 3 preferably with 2 rear sight as provided in a gun, and a simple
messuring tape {Figure 3).

The first step in the survey operation will be to decide the line along which the
main dike is to be constructeds If the site in question is in & broad depression,
this line for the main wall should be in the deeper region where the depression is
narrowests If it is proposed to comstruct more than one pend in & long and sloping
terrain or depression, the survey may be started from the deepest area, The line of
the proposed main dike should be marked by fixing pegs and the table mhould be placed
in the middle of the line taking care to see that the top surface is horizontal. The
epirit level is then placed on the table and levelled horizontally with the help of
em&ll wooden piecens Then, looking through the rear might or along the top surface of
the apirit level, the point »n the site which is at the same height can be marked with
& pege Then the epirit level should be moved radislly in order to mark and peg the
points at the same level across the area. Such a demarcation will indicate that if
there is 1 m deep water at the place where the table is, there will be no water at the
pegged levels. Or, if there is 2 m deep water at the site where the table is plasced,
the depth of water along the pegged line will be { ms Since it will not be desirsble
to have more than 1.5 m average depth in a fish pond, and the ghallowest part should
not be leas them 0.5 m, the encloging dike should be constructed on the pegged line.
If the earth necessary for the dike ism t0 be taken from the future pond bottom, the
gite for the encloeing dike can be shifted further accordingly.

After fixing the approximate line of the pecond dike, subsequent parte mey be
marked out in the same way, and then the distances should be measured and recorded.

142652 Selection of & guiteble site

The success and profitability of & fish pond or farm depends primarily on the
selection of the site. Firetly, the type of land emitabie for fieh ponds must be
congidered. In general, sites which are known to be not good for profitable agricul-
ture should be congidered firgt. It may also be desirable to reclaim unutilized
ewompy areass lhile i%{ may be proper to think that by adopting proper management
practices a fish pond can yield high returns, it is always better to chooase those
sites where agricultural oyop production is rather low or does not exiet at alle This
means %o say thaet the best policy for developing areas for fish culturs would be to
utilize uriged or reclaimed areas for construotion of fish ponds. -

The fellowing factors have to be taken into consideration in the selection of
fish pond pites: if the site chosen is topographically suiteble and the deaign
utilizes naturel slopes, deeper areas, etc. and necessary oanals exist, the pond will
work out to be cheaper anml betters A pond made by utilizing naturel ocontours fite
itself into the landscape better than one made with reotangular wallse.’

The general factors to be taken into consjdaeretion bhefore seleotion of the site
ares marketing and transport faoilities; svailsbility of fertilizers and fish food.

A pond should not bYorder government roads aml canals, and telephone and electri-
oity poles should not stand in the water.




1022543 Soil

Generally spesking, grevelly, sandy and peaty soils which aliow high rates of
ssspage are not suiteble for fish pond ocomstruction. Clay soil has the highest water
holding capacity, In order to be certain ebout the character of the soil at the
felected site, it im necessary to study the soil down to 2 ms If there is any doubt
regarding the soil ohareoteristics, it would be necessary to got the samples analyeed
by & competent soil ohemist.

In addition to the quality of the eoil, another factor to be considered ie the
quantity of earth required for the embankments. In general, it is obeerved that if
the fertile top ecil is removed for wall construotion, the productivity of the pond
vill suffer and only after a long time will a new fertils layer of top meil develop
on the pond bottom.

122544 Water

Avallebility of euffioient water to fill the ponds ani maintain the required
level throughout the produotion phase is one of the essential prerequisites for
selecting the eites The quantity of water supply requi=od for a fish pond depends on
its capacity and on the quality of the subesoil. The quantity of water that will be
required for.a | ha pond, if the average depth is 1.5 m, will be ;5 000 m3, plus
25=50 percent to cover lommes, i.es & total of 19 000 to 23 000 m®. The rate of aeva-
poration depenis on temperature and humidity. (It wili be remsonabie to caloulate
25=-50 percent more water, am the bottom soil amd walls will allow & certain amount of
percclations) A basis for rough calculation of the quantity of water to maintein a
glven water level is from the faot that in the dryest part of the year, about 3 1 of
water per second is necessary throughout the day for 1 ha pond surface. If only 1 1
per second per ha is available, the same also may be comsidered just edequate. Evapo-
ration date for Nepal are not yet aveilable and hence the above figures have been
obtained from another subtroplcal country.

A great mass of water running into the fish pord will be very much detrimental to
production, as the eurplus water flowing out will wash out the fertilizers, mitrients,
food orgenisms developed in the pond, etc.

Nearness of the source of water io important for the economice of pond comstiuo-
tion. The water can be diverted from & river, allowed to flow in directly from other
sources or through & feeder ocanale The same feeding aml drain canala can serve meny
pords, which of course is desireble, as the non-productive water struotures (like
capals) should be the barest minimume . -

In most cases naturel water or epring water is qualitatively auitadble for wse in
fish pondes Qonerelly spesking, if a source of water is good for irrigation or for
human use, the seme may also be suitable for fish oulture.

The water source ohould be free from pollutantss At present this danger doss not
exist in Nepal but the problem of polluted waters, especially pesticide-polluted ones
gotting into fishery watera, mist be awided.

The desireble pH of the water is between 7 and 8.8 and watere with pH values
below 6 are not quite suitable for fish pondes '

The so-called mineral waters with high contents of diasolved ohemical compounds
(2 000 ppm), can be used only in limited extent for carp oulture and it is necesgary
to mix such water with nomal surface water for use in breeding ponds.



The water in a pond is considered as "living water™, i.e. 1t ims inhabited by
different types of organisms like bacteria, algae, emall and big animals, weeds, etc.
These organisme play & very important 1ole in the preduction prooess in the pond
water: The water drawn from & tube well will have no major living organisme and thiw
is conuidersd as "dead water for fish culture purpcsss. HRiver water is gensrally
poor in respect to its living matter content. On e rough estimate, it takes ot least
3 to 10 days, depending upon the tampereture amd other scologice! factors, to comvert
"dead water"” to "living water®.

1¢245+5.- Measurement of water quantity in a river or canal

Although there are different wethods and instruments to measure the quantity of
water in naturel sources, & simple method whioh can be adopted by the leyman is
desoribed below. In this method the velooity of the water current is measured and,
by osloulating the cross-section of the water body, the actual water quantity osn de
detemined.

A simple rough method to measure the velooity of water is to float a thin etick,
the length of which 1s almost the pame as the water depth to one end of which ia
attached a plsce of metal or stone which will make it stand on the water about
10=15 om above the surface, and measure the time teken by the stick to move between
two meagured points, sbout 20=-30 m apart, on the chore. The distence (in m) between
the tuo pointe, divided by the time token for the stick to move betwaen the two points
in seconds, will give the average velocity of the water current (V)s Then, the
average cross section of the water zone between the two pointe may be estimated by
measuring the everage depth and the width of the water and, by multiplying these, the
oross=gection can be obtained in m2,

The quantity of water flowing (Q) in ma/aeo 1p2

Q=FxV

When F = the croas~saotion of tpe vater zone in |n2
and V = the velocity (in seconmds) of the water current

The discharge capacity of a tube well can be estimated Ly measuring the time
taken to get 20-50 1 water, from which the quantity delivered in 1 minute or 1 second
can be calculated,

162:546 The pond size apnd yield

The carp ponds in Europe vary very much in reppect to their sises, the smallest
being lesm then 1 ha and the large onep several humired ha., It will not be poseidle

to follow suoch examples in Nepal. Mor practical purpowes the fish ponds may be
divided as followst

Spall pond = under O.1 ha

Medium pond = botweon Os1 and 1 ha
Moderately large pond = betweon 1 and 5 ha
Large pond = gver 5 ha

However, in this comnexion, it may be noted that from the production point of
view, the sise of the pond is not ec important as the management practices. By adope
ting intenoive production methods, substantislly high rates of production can de
obtained from emaller ponde, which will compare favourebly with the retes obtained
from large ponds sdopting extensive produstion techniques. By adopiing proper feeding
and fertilisation techniques a crop of =2 ¢ per year per ha oan be obtained and,




veing only common oarp with intensive feeding and fertilization, 0.8 to 1.5 t per year
can be achiaved, Ordinary family needs can be met from a amall size pond, while medium
sise ponds can cater to the needs of sections of villages.

1024507 The struoctures of & fish pond
The following structures may be distinguished in a fish pond (or fish farm)s

Earthen struotures

i, dikes (walls or dams),

11, harvesting pit (cropping pit or canal),
111, ocenale (inlets and outlets),

ive. mespage trench. )

Bujlt-up structures of oconorete, bricks or stone

i. 1inlet oulverts
il. morks
iii. spillways
ive structure for diverting water from a river or canal,

i The Dike

The dikes or walle form the most essential part of a dreinable fish pond, as they
confine the water inside (Figure 4). While the walls of the same pond may differ in
size and strength, differsnt kinds of ponds also will have to be provided with varying
types of walle. For all precticel purposes the types of walls clearly distinguishadble
are the main walls, walle holding water only on one side and walls that divide two
ponds holding water,

The main wall of a pond is ths highest one, constructed on the deepest part of
the pond area. This wall has to resist the maximum water pressurs and the danger of
seepage through it is also the greateat. It is highly desireble that this type of
wall, should be planned as the shortest one in order to reduce the cost of construction.
In the consiruction of such & well, care has to be taken to remove the top soil at the
base aml dig & core trench properly, which is to be filled with good water-proof clay
solle If the seil is poor a core of good soil wust be built inside the wall.

The wall holding water only on one side (thus one side dry) is not constructed on
the deepest part of the area. This also should bs carefully comsiruoted, provided
with & core trench and made after removing the top soil at the bases The slope of the
dry side of the wall can be steeper than on the wet side. A trench should be ocut
along the dry side of the wall, about 35 m from the base, in whioch water seeping out
of the pond oan ocolleot and so that it does not spread in differemt cirections making
the entire area slushys The water level in this seepage tremoh osn be controlled by
& simple strwture or by meking a crose-earth wall.

The wall whioh separates two ponds (thus both sides of the wall being wet) built
in s series (barrage ponds) or side by side (contour and paddy ponds), bhas to with-
stand water pressure on both sidess Seepage water in much cases is not wasted, and o
the wall oan be construoted in most oases without cors trenches and by removing only
the top moil after outting up to the base.

lope apd width of the oyowne A well chosen slope and adequate width of the
dike orown determines the strength and 1ifs span of a dike. A wyongly designed and
construoted wall will require awwal repaire entailing considereble recurring expen-
diture. Brick or stone walls of pords only can be built vertically and the aides of
sarthen dikes should have slopese The gredient (inclinstion) of the slope is indicated




as the proportion of the height of the wall to its basal width, Thus, if the width 1s
the same as the height, the slope is indiocated as 1813 4f ons and & half times %

b b
height, 1311.5; anml if twice the height, 1x2.

The actual slope of the dike will depend on the type of soil and the height
requireds Good clayey soil allows & stecper slope than the sandy clay or sandy moil.
When the height of the dike is near or over 2 m, it is necessary to make it moxe
sloping.

In the case of high dikes, espescially the main ones, it is advisable to cometruct
& "bench" under the expecied water lovel, the width of whioh may vary between G.5 to

1 B, depending on the height of the wall and the eisze of the pond.

The width of the orown (orest} depends on the height of the dike and should mot
generally be less than 1 me A 2 m high dike will need & 1,52 m wide orown. A 3.5 m
high dike will not be able to withstend the water preamure if the orown is not as
wide as the actual heights 1In omses where & yoad or irack is required to be laid on -
~ the dike, the width of the oxown should be at least 3 me

Calculation of earth work lﬁﬁ!f S)e The method of calculation of earth work
required for comstruotion of dikes will be olear from the following examplest

Example 1

Depth of water along the main wall = 1 m
Designed height of the wall - 1.5m
Crest width -1m
Slops = 111.5m

The width of the wall base will therefore bes
225 M+ 2425 M+ 1M = 5.5 m

If the slope im deoided as 132, then the width of the wall bamse will bet
in+3im+in=Tnm

The quantity of earth necessary to oonstruct & 1 m long wall of the above type
with slope 1:1.5

2252 145 + 15 % T = 4‘875 ﬂ3

For the same wall with 122 '13” the quantity will bes
Jx 5% 12 15 = 6,0

Example 2

Depth of water -2n
Hedght of the wall -3m
Crest width - 2.5m
Slope - 133

The width of wall base will bet
94'2.5"'9 = 20.5m

The quantity of earth nooeu:iy for 1 m long walls
9x3+2,523 =34.5

If in the same dike the slope iw ohanged to 1$2,5 aml the orest is 2 m wide, the
well base will bos ’ '

Toa+2m+ Tl 01T

amd the quantity of earth nsuuamv for 1 m long wall will bes
(7Te5+2) 23 =28.5m




(The oalculation of quantity of earth is, in simple tems, the horizontal projeo-
tion on one side of the wall ( caloulsted from the slope) plus the orest width,
aultiplied by the height of the wall,)

In case the two slopes of a wall are mot the same, as in the ocase of one side
being wet amt the other dry, the calculation will be as followss

Depth of water - 1m
Height of the wall - te5 m
Crest width ~1m
Slope on the wet eide - 132
Slope on the dry side - 131

The width at the base of the wsll will bes
1s5X24 1+ 15 =55m

. The quantity of earth necessary for a { m long wall will therefore bes

kzz:—3+1.5:1+1—°j—:5-32-4-3751l3

(In order to meke sllowance for settling of loose earth, the height of all types
of walle must be about 25 percent more at the time of construction.)

Source of earths The most economical way of getting earth for moking the dikes
is to dig it out along the proposed line. 1% has, however, to be enmured that the
proposed pond anl the pits are drainable. The pit should not be deep and & "bench"
sbout 3 to 5 m wide and with undisturbed top soil muat be laft between the dike and
the plts 1In this way the upper fertile layer of s0il on the bottom of the pond will
be left undisturbed,

When the pond is consiructed in a depression, the earth necessary for wall cons-
truction can bhe cut partly or fully from the sides, thus making the pond area bigger
than originally planned.

After all the related data for the consitruction of the wall have besn gathered,
a suitable design for the pond may be drawn. On the basis of such a design the dike
linea can be pegged along with the contour of the pits from which the necessary earth
will be taken out. '

Pogeing of the wall and pit liness If proper care is not taken to peg the wall
and pit layouts, the labourers will cut out earth as they fimd convenient, resulting
in irregular pite which may ceuse difficulty in draining aml cropping operations.

The pegging operations can be understood ensily from an illustretion. The axims
of the wall with & bage of T m 18 firat pezzed and then the sides are demarvated,
Subsequently, one side of the pit from which earth is to be cut may be pegged leaving
a8 3} to 5 m wide area between the wall base anmd the pite Sometimes it méy be necep-
sary to mark the line of ths core trench also but this can generally be omitted by
giving suitable instrmuotions to labourers that, after removing the top soil from the
wall base, they should dig along the central axie of the wall a 1 m wide and 1 m deep
trench.

If it is oaloulated that 1 m length of the wall will require 5 m3 of earth, the
opposite nside of the pit may be pegged 12 m away from the firet line marking the side
nearer the dike. It is goenerally not advisable to dig pite deoper than 0.5 m, which
will place the width of the pit at about 10 me Put in actual praoctice it is ossential
thet the top soil for about 5 om should be discarded for dike construction and hence
thoe sdditional 2 m width 1s indicateds If there are any higher elevations in the
area, this can be removed fully and the soil used for making the dikes.




H_gE to construct the wall. After pegging the wall lines it would be necessary to
remove debris, rvots, stones, otos, from the marked area and remove the top soil
up t0 5=10 cm depths The top soil may be heaped up along the bemch of the wall in
beatween the bage ard the pit site, which could be later spread on the plope of the
walle Thus gress can easily get establighed on the elope of the new wall quickly, to
prevent erosion, If the area is marshy it will be necessary to remove the top soil
a8 desp ap the layer of deocaying orgmic matter and debris.

The next operation will be the ocutting of a trench of t m depth and 1 m width
along the axis of the wall, If, however, the poil is very good for wall construction,
the area is not infested with temmites (white ants) and the pond is not deeper than
1.5 m, the depth of the core trench can be reduced to 0.5 m, or it can even be
omitteds In such & case the bage of the wall shonld be dug deeper, meking certain
that an adequate connsxion betwesn the "living moil" of the wall bese and the cons-
truoted wall exists. The earth dug out of the core trench should be kept on the
opposite eide,

After checking the dimensions of the core trench, it can be filled with good
claysy soil, packed layer by layer. Simultaneously the wall construction may also
begine If thers are different types of moil present, the better ones must be placed
over the ventre cf the trench and on the wet pide of the wall.

hen the wall is almost resdy, the profiles are to be made with wooden slate as
high and wide as the denigned height and orest of the wall amd the inclination of
slope indicated by strings stretched between the top of the wooden slat ard the peg
maxking the side of wall bape. '

The lapgt phase in the construction of the wall is "fitting out™, in which the
clode of earth are broken into bits and properly packed according to the profile set
up amd the top eoil kept spart is apread on the glopes The pit naleo must be evensd
and levelled.

The top soll covering will help in the establishment of grass quickly, btut in
many circumstances it may be advionble to place adequateamount of turf on the plope to
hagten the growth of grass.

The bottom of the pond muat be cleared of debris, stones, etcs, so that there
will be no difficulty for fishing cperations. Unevenness and heaps of soil left on
the pond bottom will eventually be levelled when the pond is filled with wmter.

Ponds comntructed with brick walls (F‘iggre 6}s In Nepal, where land is very

axpensive, construction of fish ponde with brick wallas may be advantageous in many
situationss In the case of emall and long epmwning and nursery ponde, about 40 to

50 peroent of the area available will be required for the construction of earthen
dikess The same purpose can, however, be served by construoting brick walle pupported
on both sides with eoil, mo that the whole structure will be 25 om wide. Such walle
should be at least 1.2 10 1.5 m high to prevent large-ecale seepage of water. The
bricke should be laid with oement morter and the portion sbove the original ground
level may be plastereds One side dry walls (contour wallas) oan be constructed 25 cm
wvide and the width of the separating walls on both pides may Ve 12.5 cm. The greater
portion of such walle will be in the living svil and hence an adequately deep tremch
fa to be dug firete No brick base will be necempary and the wall can be laid on
evenly out soile When the plasterins has dried completely, patoh up work may be done
vherever necesmarys After this, eoil should be packed fimly on both sides of the
wall aml soil filled up to the planned height.

It will be economiscal to incorporate the inlet and outlet structures in the brick
wvall itself.




However, in general, brick walle cost about three to four times more than conven=
tional types of earthen dikes, But the benefit in fish production may more than
compensate for the extre cost involved. Further, annual maintenance expenditurs will
be much less in the case of brick walls, as compared to earthen dikes.

ii. Thp hajvesting pit {harvesting ditch or harvesting canal)

The harvesting pit, or ditch or canal, as it may be temmed, is an important struo-
ture of & drainable fish pend. In ponde of an area less t 0.5 ha, the pit may be
5 %0 20 ne and in bigger ones it may be at the rate of 50 m“ per ha. However; in
ponds of an areamore than5 ha the pit may be between 500-600 e

The harvesting pit should be constructed near the dreining monk in the despest
part of the pond, dug as a long trench about 50 om deeper than the surrounding area,
and in most cases parallel to the main walle The width of the pit may nommelly be
56 m and in any case not more than 10 m, in order to facilitate eamy notting. The ®
side walls should be cut sloping and the bottom even ani level. It would be advisable
to provide & 1 m wide bench along the harvesting pit, on which the fishermen can walk
during netting operations. The bottom of the harvesting pit sbould be on the seme
level as the "threshold"of the mork in order to facilitate dreining. In order to avoid
repid silting, the pit may be dug 5-10 m away from the mein wall of the pond,

In Buyope, & "harvesting pond or pit" ig constructed on the dry side of the wall,
Often the same harveeting pond ie used for meny ponde constmcted "fan-like" in &
samiciroular desigr. Each such pond ie comnected to the harvesting pond by means of a
sluice gute to facilitate draining anl harvestings In some cases mmall harvesting
pite of dimension 60 x 100 x 90 cm each are comstructed with bricks under the outflow
Pipes of nureery erd rearing pomds, ent by fixing a "net box" inside the pit all fish
escaping through the outlet will be caught in it.

iil. Construction of canals

Two typee of canale are generally associated with fish pondn, viz,, inlet or
foeder canal and outlet or drain canal. The drain canal has to be made deaper than
the pond bottom.

The quantity of water transported in a canal depends on the area of cross-section
of the water passing through ("wet cross-section”)} and the gpeed of the current, am
can be calculated from the following equetiont

Q=FxV

Hhers Q 1s the water quantity transported in m3, F ie the wet cross-section
in m“ and V is the epsed of water current in m per second,

It 1o known that, if the bottom of the canal has a elope of 01 to 0.2 m in
1 000 m, the speed of water will be sbout 0.3 to 0«5 m por second. Such & ourrent is
desirable in an earthen canal, as & lesmer velocity will reenlt in rapid eilting shile
8 faster rate may erode the canal raspidly. If the bottom of the canal is 1 m wide and
the slope is 121.5, the wet oross-mection under different water depths will he:




Water transported
Water depth | Wet ?mu-u;tion —ry o
inm APpYOX. e Spe [ |
in 1/6e0 | 0.3 m/aso in m/day
Ost 0. 11 33 2 800
0.2 0.26 T8 5 700
0.3 0.43 129 11 100
Oed 0.64 192 16 500
0.5 0.87 260 24 A00

In general a canal with 1 m bottom width can transport sufficient quantity of
water to feed & modium size pond or a small farm. From the economic point of view it
is not advieable to oonetrvot fesder ocanalm legs than 1 m wide at the Tottom.

In situations where water supply may be inadequate during the dry weasonsy or
the seepage rate is appreciable, it would be advisable to comstruot feeder canals
with brick and oement mortar. The walle of suoh ocanals may be vertioal and sapported
on the outside with earths The veloolty of water in guch oases can be faster and
henoe they may be of 0e4=0.5 m width and with a bottom alope of Ce5-1 m per 1 000 m.
The maintenancs cost of a brick canal under normal conditiona will bhe muoh less than
that of an earthen canal..

It i» desireble to have each fish pond capable of being filled and dreined indi-
wviduallys. In certain cases;, however, it has been possible to conatruct profitable

foms when the ponds lying in a long valley are connected in series so that they are
fed and drained one after another.

ive Structures mads of comorete, bricks and siones ‘Hmeg 1. 8. 9 and ]0[

Such etructures are meant to ensure a amooth water supply and dreinage. They
aleo prevent entry of wild fiehes anml eacape of cultured onens ‘The main structures
in a fish pond are the outlete and inlete. Spillwaye are necesasry only in those
ponde where thers is the danger of floodo.

The dimensions of theae struotures will naturally be reiated directly to the
orea of the ponds The capacity of ths etructures will depend on the narrowest region
which i umally the buili=in-pipe or culvert, Some banic data on the water carrying
ospaoity of pipes of different diometers are glven belowt

Diameter Water flow Water flow
in om in 1/se0 in n3/day
2,5 oog 43
540 1. 150
100 8,0 690
15,0 18.0 1 500
20,0 31,0 2 §00
0.0 T0.0 6 000
40.0 130.0 11 000
S50.0 196.,0 17 000
6040 280.0 24 000
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The oapacity of a pipe can be caloulated ueing the following equationt

N 2
Water flow capacity in 1/“0 » Cross-secrtion x 100 . _'::‘%bx 100

If the above value 1s miltiplied by 86.4, the quantity of water flowing in m’
during 24 hours can be obtained.

Thus, it will be seen that a pond about 0.1 to 0.2 ha in area (2 to 4 ropani)
needs an inlet or outlet pipe not larger then 10=-15 om diameters For a pond of over
2.4 bha the pipe or oulvert may be of 30 om dismeter. Pipes of less than 10 om dia=
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Both the inlet and outlet structures in a fish pond must be provided with
suitable screens or other devices in order to keep out wild fish as well as prevent
encape of cultivated fish. A large mesh soresen should be fitted above the inlat in
order to prevent drifting debris from coming in.

In the oase of water coming from & fall into the pond through a pipe, the best
way to prevent wild fieh incursion will be to fix a screen bagket under the falling
ourrent. The bagket must be cleaned frequently to prevent ologging.

In the case of small and medium size ponds wooden plugs can be used to stop the
flow of water through the inlet and outlet pipes. Two or three paire of grooves may
be provided in the walls of the inflow canal for fixing of mcreems amd control boards.

Qutlet struotures (Hggres 8 and 2!. Two types of outlet atrotures are commonly
used in larger fish ponde, ihe monk and the eluice. Both these structures can be used
as inlets aluo.

The mork is meant to regulate the water level sutomatically,and the outflowing
water ocan be diacharged from ite surface, as well se from the bottoms Each monk has
iwo main parte, the vertical tower and the horizontal oulvert or pipe, both of which
may be made of concrete or brick, or a combination of both.

The height of the tewer depends on the higheat allowable water level, For ponds
up to 3 to 4 ha, a monk with 30 cm wide opening in front of the tower will be suffi-
olent. Large ponde of over 4=5 ha should have .a monk with 40 om wide opening. Each
monk should be provided with 2 pairs of grooves in whioh 2 boards can be inserted,
between which wet clay may be pecked tightly to check leakage of the water.

In the c¢ase of high monks it would be sdvantageous to construct wings sa supports
to the tower,

Since both conorete and brick monks are heavy structures, aiequately strong bases
hove to be provided for thems When the monk is constructed on undisturbed soil, a 30
%o 50 om deep base should be provided under the tower, and a8 1520 m deep one unier
the oulvert. Such a base must be at least 30 cm wide on each side,: The bases oan be
built with bouldera and cement mortars Good cement mortar can be made either with

1 part cement and 4 to 5 parts sand or 1 part cement, 2 parts sand and 4 parts stone
ahipo.

In the case of soft soil, the base must be 60 to 90 om deep under %he tower, 25

to 30 cm under the culvert and 50 to 60 om wider than the actual size of the structure.

L] ¢ 10)s The eluice 15 an open water oontrel structure funo=
tioning generally in the same way ae the monk, Sluices are constructed when many
ronds are connected to the same harvesting pond or pit.
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vs The spillway

Spillways are necessaxy when thers is danger of heavy floods. A spillwsy has a
iimm "threshold® and two side walls. The "threshold" is generally 5 to 10 om above
the maximum pemmissible water level in the pond. The opening of the apillway will
detemine the quantity of water flowing through it. Soreens should be fitted in the
opening to prevent esocape of fish and they may have to be cleaned regulerly during
the flood seasons.

The spilivay should always be conotructed on well settied "living sofl® and
should be aligned along one side of the pond in order to minimize the washing out of
mtrients.

The apillway may be & very simple struoture cut out im the earth and
strengthened with logee The side wells may be strengthened with twigs and stones.
Earthen apillways may be covered with turf to prevent srowsion.

More complicated epillwiys are made of stone masonry or brioks and are required
where heavy floode ars expeoted, Such spillways will have to be demigned by s compe-
tent engineer,

vi. le b or div n of water o

A temporary barrage made of long planks ocan be used to divert water to the pond
during dry geapons. Such simple gtructures can dam the river or canal water up to
0.8 t0 1 m height. Gensrally they esre ideal for oensls not wider than 5 4o 6 me In.
order to conetruot such a structure two sirong poles may be fixed vertically, one on
each benk of the atreams The poles may be 2.5 to 3} m long and about 40 om in
diameter sawed lengthwiee into two halvese The logs should be stuck 1 m deep into
the earth and supported on both up~ and down-atresm sidens Then & thinner log, also
sawed in half, ia $0 be planted at the canal botiom agoinet esoh of the previously
fixed oness The other half of the log will then be attached abont 1 m sbove, Above
this log o strong plank 2 to 3 om thick and 20 to 25 om wide shonld be so fixed as to
allow & epries of about 15 om wide planks to be alipped down vertically to the bottoms
When high water cocurs eome of these vertical plankes may be removed from the middle
in order to relieve the pressures A simple earth epillway may also be oonstructed mso
that the exceons water may flow out over it., During the rainy seasons the entire
barrage struoture, excepting the two vertical posts on the bank, has to be removed to
ennble free flow of flood water,
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2+ DIOLOGICAL BACKGROUND OF FISH FRODUCTION IN FONDS

In fish culture the bioclogioal production processes are almost similar to those
encountered in agriculture. The fish culturist, like his agricultural counterpart
has to sow the seed, nurture them properly, take all possible care to get the
maxioum survivel and growth rates, aml then harvest the produce at ¢he most approp-
riate times So, in practice, man has to interfsre in the naturel biological produo-
tion procenses in oxder to achieve the optimum produotion rates.

Ap alresdy indiocated, each water body on the earth sooner or later becomes
"living water", which means water populated with diffarent types of living organisme.
Each body of water, however, will have ite own ocharscteristios regarding the 1ife it
sustains (biomass) and it im neoessary that every fish culturist possesses basio
knowledge concerning the biological processes nomally taking place in a pond, wo
that he may be able to manipulate them soientifically in order to schieve the desired
goal of producing maximum fish from t{he available water waas.

TIFES OF ORGANISMS

The living organiams in fish ponds can be grouped in different ways, vize, based
on their taxonemic position; functionel value, i.e. whether they are hamful, harm-
less or useful to fish life, etce In thie connexion it is important to know that,
for the purpoee of understanding properly the amuatioc orgeniems, it 1s easential to
be familiar with their ecclogy. Eoology is the science which deals with the relation—
shipe of mimel and plant communities to their animate (living) and inanimate (non-
living) surrowdings. A “community" mesns & group of differsnt orgenisms inhabiting
& common environment, interacting with each other, specislly thrugh food relation-
ships, and relotively independent of their groups. The community of organiome whioh
interact with one another, plus tho enviromment in whioh they live and with which
they alao interact, is en ecosysteme A fish pond therefore ie an ecosystem, In
ordar to understand such an ecosystem, it is not enough just to know the names of the
organisme, but their food and feeding habits, growth rate, reproductory habits, etc.

A water ares may be considered ‘suitable for living organisme if it has the
necessary oxygen for breathing (or provides "raw material" for other types of respire~
tion), has favourable temperature oonditione, produces empugh food not only for
survival but also to accumulate enough energy for growth and reproduotion, and
suitable facilities and space for the production and growth of the offaprings This
noturally leads to the faot that, for succeseful fish oulture in a pord, these condi=-
tions heve to be mede aveilables Each epeoies of fish has ite own specisl require-
ments for ite survival, growth and reproduction. In a preduction pond the
requiremsnt for fast growth in the form of food muet be provided above the level
necessary for survival, For propagation purposee there are sdditional requirements
shich have to be provided in breeding pondm. For the growth of the offepring the
Recessdry requirements must be available in murgery and rearing ponds, With some
basio knowledge of these aspecta the fish culturisl oan effectively manipulate and
govern the ‘production processes which result in producing the fish flesh.

All the important biologloal produotion processes in a fish pond are at the

maximum when the physical and chemical conlitions of the water are normal. The most
important of thege faotors are desoribed below.

-
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INFORTANT PHYSICO~-CHENICAL CEARACTERISTICS OF A FRESHWATER FOND

ifio

The spevific gravity 1s the ratio of the mass of a glvonuwlum of a substanoe
to the mams of an equal volume of water at a tempexrature of 4 C» During winter o
seagon the temperature of tha top layer of the water in a pond may go much below 4 C
and the warmer and dseper layers do not get frosen, whioh assures the survival of -
higher organisms in such waters, even though the upper region may be covered with
1oe.

The speoifio weight of the water oaumes the temperature stratificetion. The
ooolent water layers generxelly lie at ths bottiom of the pond, which ensbls the
murvival of fish during the hot summer daye.

Sinoe the water content of the bodies of living aquatio organiems is rether
Mgh (about 60~98 percent), they are sble to float in water and swim about without
axpending muoh energy. Many species of fishes have airbladders, with the help of
which they can float easily in the water.

The specific weight of the water inoreases with the quantity of diseolved
minerals and organic meterinls. Water loaled with emch items can produce “heavy
water” apreading over the bottom, which may be harmful to eatiefactory fish life,

Light Penetration

Sunlight vhich ia the most important source of energy in the entire universe,
enables photosynthesis to take place, thereby building up organic metter out of
irorgenic eubstence (utilising the molar energy), both in aguatic and terrestrial
avironmenta. A part of the sun-reys falling on the purface of the water penetrates
below and enables photomynthesis to take place, the intensity of whioh varies with
the period of sunshine. Thus, during summer the daye are longer and henoe more
photosynthesis can be expected as compared to winter days.

The most important water plants, vize, algae, can adapt thamselves to lesser
quantities of sunlight, as compared to the terrestrial plante. The artificially
built fish pond is rather shallow and the posaibility of the algae migreting to the
layer of optimum eunlight is limited as compared to the condition occurring in
deeper naturel lakes. If the pond water is too transparent, the photosynthegis
beocomen adversely affected due Yo strong illumination during the brighter part of
the day. Likewise, if the water im too turdid, the insufficient light slows down
photosynthesis, Dark paxte of & deep pond or the over=illuminated shallew regions
of a pond are unproductive.

An ecogyotem like a fish pond, is self-regulating under normel conditionss The
floating organiems (plankton) can sometimes develop to suoh a density that naturel
eelf=shedowing ocours in the pond, thereby returning to average nomal light conmdie
tlone,.

The extent of light penetration in a pond ocan be measured with a photometers
However; under field conditions a simple "Seochi dimso" can give eatisfactory remulte
(FMegure 12)s A "Seochi diec" tranaparency of about 20 to 50 em during mid-dayocan be
wnsidered to be satisfactory, Effective photosynthesis can ocour up to depths of
50 to 100 om in addition to the "Seoohi disc™ transparency. This means that if the
"Sscchi digo” measurement is 30 cm, effective photoaynthesis can be expected to
ocour up to 80 to 110 om depth.
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Colour

The "living water" in a fish pond has a charaoteristic colour, which is of &
definite and practical use., Colloid loam particles make the water greyish yellowj
humic acids cause reddish brown coloration and water of low productivity is totally
colourless.

A greenish or yellowish colour is generslly derived from miorosoopic algas (mot
filamentous or blue-green algae). Generally elgae produce in the water coloration of
green, greenish yeliow, bluish green, yellow, red, eto., according to the species.
Plarktonic animals aleo produce various celours in the water, e.g. rotatorians,
whitioh and cruastaceans, brownish or reddish, If filamenious or blue-green algae
cause & bloom or coloration in the water, it indicates that ome abnormality hans
ocourred in the ecosystem ns a wholes

Temperature

Undexr naturel conditions three main geographical types of fresh waters are
distinguisheds

i. oold water, the temperature of which does not rise above 10°C in summers
ti. temperate water in whioh the summer temperature is not higher than 20-23°0;

iii. wam vater 151 whioch the minimum temparaturs is about 10b15°c and maximum
around 30=35 C. )

It is necessary %o check the tanperature of the water in a fich pond, both at
the surface and bottoms The metaboliam of & fish ie direotly related to the tempere~
ture of water amd umally extreme conditions are unfavourable for fish life, espe-
olally for those with different temperaturs adaptation ranges. The diseolved oxygen
content of water is also related to the temperature conditions.

Currente and Water Movements

Vertical movements of water can be caused by temperature differences. For
example, since the specific weight of cold water is higher than that of wam water,
the forwer will sink and the latter will rise. Such movements gemerally occur in
fish ponds during night-time and help in the mixzing of mutrients in the water,

Wind often canges waves whioh may cauge damage to dams anl other struotures in
big ponds. They, however, result in s certain amount of mixing of the pomnd water,
whioh has both good and bad effects from the point of view of bieological production.

Digsolved QOases

The pond water diseclvea gases like oxygen, nitrogen anl carton dioxide from the
etmosphere and methane (cud). hydrogen pulphide (ues). etcs, developing in the mud,

Digsolved Oxygen

The dissolved oxygen content (DO) is one of tho most important factors affecting
the growth and welfare of the fishe It not only provides for respimtion of higher
organisms but also acts e the oxygen sourcs for aercbic biological procesees. The
DO may be derived from the atmosphere or releaged as a by-product during photo—

synthesis., The solubility of oxygen in water depends on the temperature as shown in
the table balows
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MPM Solubility of Tandgreture Solubility of

(4 oxygen mg/l %l(? oxygen m
0 14463 18 9446

1 14423 19 927

2 13.64 20 9.08

3 1346 21 8.91

4 1311 22 8.74

5 1277 23 8454

é 12445 24 8,42

T 12:13 25 8426

8 11.84 26 8.12

9 115 27 Te97

10 1 28 T84

" 11.02 29 T=T0

12 10.77 30 7.54

13 10‘53 31 7045

14 10.29 32 T33

15 10,07 k%] Te21

16 9.86 34 T.09

17 9.65 35 6.98

Natural waters often ocontain during the day-time an excesms of oxygen in a super-
saturated condition. This is due to photosynthetic aotivity of the phytoplankton
and other plants in the water.

The oxygen consuming processes, like respiration of snimels amd plants, aerobio
fermentation, amd organic and inorganic reduotion teking place in the water and mud,
may cauge oxygen defiocienocy in the water resulting in suffooation of the animals.

Such drops in dissolved oxXygen oocur mostly during night-time, the lowest being
before sunrise.

Nommally, in a fish pond the oxygen producing and consuming processes are in
dynemio balance and there is no need for any aeretion. Adverse conditions occur
only when the equilibrium is disturbed naturelly or artificially. The mst frequent
couso of mass fish mortality ie oxygen deficienoy.

A significant indiocation of low oxygen content in water is the tendency of
fishes in the pond to come to the surface and pussively swim about gasping for air.
The oxygen requirement of fishes obanges from species to spsoies under differing
oonditions of tempereture anml blologioal astions For each 10 C rise in temperature
the oxygen requirement of a fish increases by two to three times, In addition, when
the gut of a fish bscomes full, the accelerated oxygen demand will be about 40-50 per-
oent more.

Pigmolved Nitrogen

It has been found that many of the algae can utilize some forme of dissolved
nitrogen ges during the protein producing procesmss The molubility of nitrogen is
rather high in water and by using nitrogen salis as fertilizers, the preductivity
oan be incressed considersbly,
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Dissolved Carbon Dicxjde

Carbon dioxide reacts with water anml produces oarbonioc acid, whioch in tum
reaots with dissolved minerals to form bicarbonates ad oarbonates. The carbon
dioxide, oarbonio acid, bicarbhonates (Mro-osﬂomtu) and oarbonates are generully
in equilibrium in pond waters. During phwtosynthesis the plants teice up carbon compo-
nents out of the water. Carbon is essantially the basioc material of orgmic matter.
The oarbon oontent of dry organio matter iz aa high as about 50 pervent. The mources
of carbon in pondas are

i+ the air (carbon dioxide),
i1i. oarbon dioxide produced by respiration,
11i. oarbon dioxide produced by the ssrocbic decomposing processes, and
ive dissolved carbonates and bicarbonatese

ot 1 ]

The end product of aneerobio decomposition, vis. methane and hydrogen sulphide,
ooour mogtly in mui and, when the air pressure is low, they are releassd into the
water and cause fish kills.

Chemical Constituent Water

The major elements dissolved (muua; in the water are: calciwm {(Ca), magnesivm
(M), sodium (Na), potassium (K), iron (Fe}, chloride (Cl), eulphate (50,6}, bicare
bonate (HCO.) and carbonate (CO,}. Elements like nitrogen, phosphorus silicon
are importedt from the biologicdl production point of views Recently the importance
of irace elements like boron, cobalt, copper, manganese, molybdemum, vanadium apd
sino hap also been recognized.

THE LIFE ZONES IN A FOND

& Shore o 1] Zone

This zone is mostly ocoupied by rooted plants which emerge sbove the smrfacs and
aome submerged omes with leaves and flowers floating on the surface of the waters
These plante turn thie zone into an unproductive "desert™ and either reduce the dis-
solved oxygen or produce excess oxygons. The underwater parts of the plants are
socupled by other micromcopic plante wmsl mnimals (mtly worns, inseot larvae, cruste-
ceans, otos)s It is desiruble to construct fish ponds in such a way that the littorsl
gone oocupies only & narrow belt of about 3 to 5 m width along the dikes.

Qpen jintern

This is the main part of the fish pond where no higher plants exist, and it e
oooupied by plankton and nekton, i.es swimming orgenisms. The most important plank-
ton orgeniams in & pord ares baoteria, slgee, protoscans (unicellular animals), rote-
torians and orustaceanss The important nekton organisus aret inseots and insect
larvas, Digger orustaceans, fish, tadpoles, sto.
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Pottos of the Fond
In a.uon-uintl.tm pond the bottom is covered with mud rich in orgmic miter

i _oﬂgiuting mostly from decaying planikcters, sxorets of higher animals, e¢tc., as well
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‘as from the leaves, barks, eto., washed in from surrounling areass The most impor-
‘tant fish food on the pond bottom are womms and insect larvae.

700D, FEEDING AND REPRODUCTTON OF INFORTANT QEOUPS OF AQUATIC ORGANTSMS

Thie .i.lpo.'ﬂlni group of orgunimes produces fermentation for bresking the organio

compounds and then absortethem on she tody surfaces MNost of thess bacteria need
oxygen for this sotivity. Having absorbed enough "food" they reproduce rapldly by

dividing every 1 to 2 hours.

Unioellulaxr A)gase !ﬁ& 1}!

Theaae are the important "producers" of the pond whioh build up orgmic materisl
out of carhon components by photosynthesis. They are gmerally adapted to this
process by having & large body surface in relation to the body maase Since these
algse have only small bodies they cannot store the duild=up organio maiter and react
to the intensive "feeding” (photomynthesis whioh takes the role of feeding) by intenw
sive mltiplications They can tlms reproduce svery 2 to 4 hours.

Thesa also produce organic mterial by photosynthesis which, however, in most
cases does not support fish or fish food organismss The products of this group sre
therefore generally wastes from the biological production point of view.

Botatoria !g;& 15[

The members of this group, varying in sive between 0,06 and 0.2 mm, teke out of
water mall algas and organic partioless For direotly utilising the orgenioc aaterisl
"gtored” in the body of %tatona, it is odvissble to stock plankton fesding fish
along with common caxps reproduce intensively.

The oarpivozous wiioch are generslly in the sise range 0,2 to 1.0 m,
oot mostly slgoe, detritus-feeding Rojatoria and other unicellular animals: This
group is hlnm from the biologi don point of views

Tiltering Orustaceans

Theas foed on mall algee, bacteria and very fine orgmnic debris streining thes
out of waters They are gmerally in the sise renge 0.2 40 0.5 mm and are axoellent
food for plankton-fesding fishess Based on the nature of thair filtering spparetus,
two main groups are distinguishable, as followss
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i. Glsdooers (Figure 16)

Under this group are included waier fleas with a very complicated filtering
spparatus on their feel, whioh automationlly affect filtretion when movings They
thus consume mmall organisms anl organic moterizl whioh most fighes are unable to
oatchs If the pond water has adequate food, thesas o:prhimss react by quick and effeo=
tive reproduction, producing 30 to W00 younr in 5w {u three dayss

ile Copepods (Figure 17)

The members of this group have & simpler filte.ing system whioh osnmot get
clogzed sasilys The food end reproductive habits are more or less similar to Clado-

Garnjvoycus Oruntecsans

~ Although these organisms coour rarely in fish ponds, some mpecies like the
carnivorous Cyolops can be dangerous to fish fry.

Mud Batore (Figure 18)

These organisme live at the pond bottom eating the mud wiioh is rich in orgenio
matters The group normally includes worms and inseot larvee (e.g. chironowids).
The worms, wder good feeding conditions wultiply in the muds The inssot larves
develop in the sud thersby consuming the food materials aml in the adult etage they
fly out of the water, thereby depriving the scomystem of a great smount of orgenic
material (Pigure 19).

These larvae kill and eat other fish food animals as well as fry and fingerlings
of fishess They, however, can form food of bigger fishess In geneml they are harm=
ful in spewning, mursery anl rearing ponds,

Todpoles

Tadpoles eat fish egge aml thrive mostly on the same food items as flsh fry amd
fingerlingss Only some oamivervus fish apsocies eat tadpoles.

The food ohain is the series or cyole of organiems existing in amy naturel
commnity, through whioh energy is transferred, Each link in ewoh s chain feeds on
and obtaine energy from the one preceding its At the beginning of the ohain the
green plants repressnt the first trophio or ensrgy leve) in the scomystewm.

The quantity of bound energy passing along the food chain becomes less and less
88 the series progresses. Thus it follows that higher rates of production can de
sxpecied from snimals having relatively short food chaing. The herbivorous fishes
aveilable in Nepal, visy the gress carp anl silver carp, have the shortest food ohain
with only two links, On the other hand, the food ohain of a ocarnivorcus fish is at
lesat four-linked,viss, algae - algas.fooding omeotncoans = plankton-feoding fish =
carnivorus fish.
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'Each step into the next emesrgy {or trophio) lavel in a food ohasn involves about
90 to 95 percent loss of the original energy ocontent, whioch means that only 5-10 pere

v . . osnt of the or.lgim snergy content will be. imrpomtd as bound mrg into the
' nn‘.t lcnl..___ o

'- mmn BIOLOGY

'Iho pmdmtion biology in a body of water deals with the contimous ensrgy flow

B "nd material rolnuonc of the ecosystes.

. The.main mry tonl in s svonystem Ares

4o ndiattng energy or solar snergy,
ii. heat energy,
1ii. mechaniosl mry. and
4ive bound energy of the organic components, termad also aw potential SLOTEY

. The molar enerzy is qualitatively and quantitatively different in the various

“1ayers of 4the pond weter. During photomynthesis only abont t peroent of the smvaj-

lable solar ensrgy is converted into bound biological energy in the water plants,
yot this acts as thedriving foroe for the whole life oyole in the waters The bound
biological ensrgy in plants ocan de mobiliced and comverted into heat snergy or
mechanical ensrgy during the life processes of the organimms.

The heat energy is derived mainly from the umitilised solar amergy, ‘rﬁintton
from the earth, and by the metabolic activities of the living organimms.

The bound biologtoal energy may be differentiatml accoiil: g to the typs of orge-
nioc ocompounds formed, suoch as oarbohydrates, fats, proteins, sto. The energy value
of 1 unit of carbohydrates is 5.42 koal per g of pmtdno,S.SS koal per g and of
fate 9445 koal pasr g« Carbohydrates are esay to mobilise for gaining other types of
energies, while it is diffioult to convert mtdno into other types of smergy
systoma,

It may often happen that produotion in & pond is high from the diological point

of view, tut the yield will be low as mufficient animals are not present to provide

the yield, or the bowrd enerzy produced is umusable for the "yield=produoing®
amimals. I & pond is not stooked or the stock density is low, the yield will
naturelly be poor. If water wesds or blue-gresn algas which are not eaten by the
fish sre produoed, the aocelerwted production level will mot lead to comparstively
high yields. The fish culturist should therefors arrange the production in such &
way that most of thw biologically produced bound ensrgy oan bYe converted into the
“yisld producing® fish.

Thres wain groups of organiams whioch play differens roles from the poins of
view of binlogical production in an ecosystem can gererally be distinguished. They
aret

i+ the primary producerw,
ii» the secondery and tertiary producers, and
1iis the decomposing or reduoing onmhu (Pigure 22).
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The primary producers construct organic material or potential energy as oarbo-
hkydrates, protsing, fats and other organic componnds cut of inorganio materials
(outrients) se carben compounds (C0,, HDO,, 003). water (H,0), nitrogen and phosphate
oompounds, by photosyathesis. The hhﬂim organio matérial aocomulated in the
body of alges enrich the orgeanio content of the algal population &s well as the
entire sconystens Shortage of mitrients or insufficient solar snergy slows down the
growth of the algal populations, resulting in retardation of the primary produwotion
proosads

The meagsures usually sdopted to improve the production of uwseful algal popule-
tion inolude oontrolling the growth of undesiredle water plants whioh obstruct light
penetration in the water sywtem.

The moat Important nutrients in the pond water are the carbon compounds (given
in the form of organic wanure or in the fom of oarbeamide), phosphate compounds whioh
oan become exhsusted rapidly es produotion is procesding, and the nitrogen compounde
which provide nitrogen source for the comstruction of proteina. Other elemente are
mormally present in ampls quantities,

If the pond is coversd with emargent amd other types of weeds or large quan-
titien of filamentous alges, the mutrients will be utilised by thems Hwever, the
presence of gpecies of fish feeding on them oan enable their utillisation.

Secondary and Tertlary Production

The second group of organisms, which are the conmumers or secondery and jinter-
mediate producers, are, in a sense, accumlative organieme which lift up the orgenio
material built up Ly the plants to the seoond produstion level. It is obvious that
the organio material consuned by themse animale is only partly used for body growth
of the individuels of the population and in most cases this “"re-acoumulation® or
Spegrouping” regults in about 950-95 percent loms of matiers

It ia also obvious that those organisms,like fishems which live for comparatively
longer pericds; "stors' the orgenic material for much more time than the epecies with
& short life epans A Daphnia or Cyclops does not live for more than 20 to 50 days
and guch organisme with emall body sive reaot 1o therioh food with prompt and
copious reproduction, thereby incressing the biomész of the population. However,
wvhen the quantity of available food drops, the reproduction rate slso will ba reduced
proportionately. .

In addition to the plant fesders), in any water aysten, there are alec the so=
otlled mimel feeders or soophagous animalss Thess-fesd on the emeller animils with
the result that there is another loss of about 90 t~ 95 percont wnergys This group
fbnl:l the tartiary producers and, in the onse of fiiih, ars temmed as terminal
producers.

Reconposjtion apd Reowperstion

The lifelens organic material in & pond produced from dead bodies and undigested
food matorial passed cut with tlw exoreta form the source of ensrgy for two groups,
the decormposing or reducing, and the recuperstive organiomss The decomposing
organimms are baoteria wd fungl whioh bresk down the orgenic matorial with the help
of furmentue Such decomposing prooess will proceed till all the orgmnic material is
axheusted axd the remaining inorganic mitrients can then be utilised by the plante
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onos againe A considerwdble portion of the 1ifeless organic material will be saten by
those orgenisms vhich are adspted to take in such food and these can be texmed as
recuperstive orgenisns, ss they recupsirute the lifeless orgenic msterial directly
into the secondery production lavel. Host of the recuperative orgenimme like the
worme, inseot larvas, etos, are excellent food for fish. From the point of view of
fish production it is immaterial whether the orgenio material is decomponed oOr
conmmed bty other organiemm.

The Productiop Procsss

The basio prinoiple in the produotion oycle is that & growing populstion needs &
contimous inoreass in its feed Tesources. Ths food or inergenio mutrients omn thus
becone & limiting factor in the growth of populstionss This spplies to production &t
all levels and can be illustrated by the example given below for the tertiary produo-
tion level. TIf a 1 ha pond is stocked with 2 000 fingerlings of 1 g sverage weight,
each of the fingerlings will get 5 »2 “gresing” ares which can produce more food then
oan be consumed by & fish of this size. Thus the growth of the fish population will
be mexinmum and a major portion of the food will become wmtilised and thus wasted.
Howevar, the food comsumption rete incresses with the body weight and after & while
the grown-up fish will find only &a mch food as is just sufficient for maintenance.
How, the “preduotion" (growth) of the fish population will etop as s balance or
equilibrium §s established with their food production levels (Figure 23).

If the mumber of fish stooked per unit area of the pond is dense, the equili-
brium will be resched with a mmaller body sise. However, since the demser population
oan utilized the food ressurcen better than a thinner one, the yield per unit area
will be higher in spite of the smaller imdividual sises If the population density of
the fish stock is so high at the beginning that the food produoing levels are mot
sufficient for maintenance, no growth will ooour or even there may be & decresss in
the total weight of tha population. It is therefore obvious that the mazioun fish
production im obtained with an optimum population density.

Organimme like filamentous algee, many of the blue-green algee, water weeds,
back swimmers, otos, have generally no consumers in & pord and hence the production
of such items will be & genernl waspte, Although these organisme may contritute to
the organic debris after their death, the total loss of energy is much more than in
the case of direct utilization.

The Role of Stockeo Fish in the ductivity of Fond

When the fich eats thy matumal food it thins out the population of its food
orgmnimme and makes spaoe for fresh ones theredy speeding up the production provesse
Further, the smount of faeces produced by the fish is considerable, which as mamure
will form the snergy mource for other orgmismws The carbon dioxide released bty the
respiration of fish will be converted inte orgsnio compoundo during photosynthesis,

PLANKTON INVESTIOATIONS FOR PRACTICAL FURFOSES

It is necessary for a sucoessful fish oulturist to be familiar with the impor=
tant group of plenkters in & pond and methods to detomins the quantity and quality
of the total plankton present, In oxder to get an acceptable picturs of the plarkton
orgenimms, o quitable ssmpling method will have to be odopted (Figures 24 and 25)s A
useful sample can aleo be collected with & 1.5 to 2 m long hard plastio pipe of 2 o
3 om diameter which oon be oclosed at the bottom with & rubber stopper pulled in
ty » string from atove (Pigure 26)s The pipe siwuld be calibrated in much & way that
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the volume is marked from bottom upwards During opsration the pipe may be intro-
duoed inte the water vertically up to the bottom (but mot touching it) and then the
vwlume of the weter ineide has to be read amd the stopper olosed. The sample of
water thus obtained may either bs collected in a bucket or directly streined through
& quantitative plankton net (100 to 180 micron mesh). The samples must be collected
by operating the net acrose the pord in ono dirsction, thereby covering a large area
of the weter.

Based on the volume of water strained thyough the plarkion net, & rough estima.
tion of the volume of the plankton oan be made. The concenireted planicton should be
taken in a calibrated test tube uﬁsﬂuﬁ with formaline From the volume of the
settled plarkton the quantity per m~ of the pond water oan be calounlated,

If a megnifying glass or microscope is available ot the site, a treined person
oan recognige the mein groups of organiems in the plankiton sample, either in the
living condition or after killing with a few drops of formalin.

" During the analysis of the plankton notes should be made regarding the main
congtituente 1like mtatorians, cyclopoids, dieptomidn and cladocerans. The presence
of plenty of eggzs (for, e«ge in the egg bags of oyclopoids apd diaptomids and in the
oavity between the tholl and the body in cladocerann) or free=living young ones,
indicates a developing population provided with adequate food. On the other hand Af
the animals have no sgge amd young ones are rers, the inference is that it is an old
population in starving stage and that the focd evailablie for this population 4n the
pond water is only emfficient to cover the maintenance requirements.

IT Rotetoria are predominant and crustaceans are rare;which condition often
develope in greatly overatocked small ponds, common carp oanmot thrive well, as it
oannot oatch or strain the mmall ergenismae. However, Rotataris are good food for
amall oommon oarp fry and for the adult big-head. Regular mamuring can help in the
production of crustacean plankton in such pondas

Faytoplankton determinations with net~strained samples may not be satisfactory,
as the mmallest plant organimms which are the moet important from the biologloal
production point of view, may pass through even the finest cloth used for meking the
nete, This asituetion can be overcome by transferring the water sample colleoted with
the column sampler into a bucket and after thorough miring, & 100 om3 sub-sample may
be taken for further investigationss A trained person can recognize bdlue=-green algee,
diatoma, emall foxme of green algae, stc.y in such samples.

If mioromoopic algae are yare in the pond, fertilization with phogphate and
nitrogen fertilizers would helps If filamentous algne are predominant, application
of copper mulphate (0s9 to 1 ppm) will reduce them, which will enable further growth
of useful algaes However, this will have to be done in such & manner thet the fish
in the pond are not harmed, Stocking of small grees carp in the pond oan also help
in ths ocontrol of large populations of filamentous algne.

POTTIOM SOIL AND WATER INTERACTIONS

Ths bottom soil in a fish pond has very importeant roles to play in the produo-
tion prooesss They are in generals

i. pgtoroge ond release of mutriente into the water,
ii, mineralirzation of orgmio bottom deposits, and
iiis provision of shelter and food for bottom dwelling orgnisme.

*
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It is well known that fertils soil ie the bdest for pond construction in view of
ite ability to swpply nutrients to ithe waters The orgmimms living in or on the
totton soil (banthic orgmims) are of grest importance in mutrition cycles in ponde
and their quality and quaniity osn be used as indicators of productivity. If a pormd
is rioh in benthic animale, it can be axpeoted to fetch a high yield of common oarp.
In oase the living top soil is remcved during the comstrwtion of the pond, the
yield will be low during the first ysar and will contimie to resain so until & new
layer, rich in organio matter,is developed.

INVESTIGATION OF BOTTOM ANINALS

In order to satimate the coundance of bottom mimals, s fixed quantity of wud
sample may be collected with & spade or simple tube eampler and washed in &
fitted with & fine metal or plastic sieve of 045 to 0.8 mm meshs Thie will
the conras components of the woil matier, plants anml animale in the sieve.
of colleotion of each soil sample may be kept the seme and, by counting the
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3. FISH CULTURE

SPEGCIES OF FISH SUITABLE FOR CULTURE

There ia hardly any species of fish that oamot be oitltinted under some condi-
tion or other but the basic consideration is of species which are worthwhile for
oulture under different situstions. The oriteria for selection ares:

i. natural ability to grow faast,
iis food habits adapted to the type of living organisms present in ponds,
i1ii. compatibility with other oultivated mpecies,
ive ability to alapt to crowded conditions,
ve tolerance of low dissolved oxygem content,
vi. eouse of handling and harvest, and
vii, reproduction under controlled conditiona.

In a figh pord the plant aml enimal sources of food are all present anml oconti-
nuously produced but the quantity of different food items can vary and hence it will
be advimable to seleot fish mpecies with different food habits in order to utilise
all the availeable food.

The speoies of fish which cen be used for cultivation in Nepal are briefly
desoribed belows

The Common Ca Ieraeli Ca! Jermen Ca: oarpic (Fipures 2

This is the most importent cultivated fish in the world end hes been domesti-~
cated. It ie an eimivorous fish, the food oonsiating of any item which can be
digested. It eatp zooplankion, enimals living in the wud euch as larvaes of ingects,
worms, mollusce, etc. and on the stalke and leaves of submerged planis. When hungry,
the carp will eat the decayed pleces of water plants, the young shoots of undervater
weeds, etce The natural food of the carp ie basically rich in animal proteina.

The artificial food given to the common carp is mostly food greine like maize,
barley, millet wheat, of leguminous plante like the pea, bean,soybean, lupin
tubers such as potato (boiled); and sgricultiural and industrial westes such as oile
oakes, flour mill weshes and others which have some mourishing value and are not
uged as food for other animale. The Tish eats artifioial protein-rich foodstuffs
such as fish meal, blood meal, ocaroass meal, dried inseots, milkworm pupae, flesh of
molluscs, minced flesh of fish, frog, snake, atc. ’

During the last decade, the common carp has been grown on pouliry feed pellets
shich have sbout 20 percent animal anl 10 porcent vegetable protein ocontent and the
remultes have been satisfactory.

'Iheooarp has its maximum appetite when the water temperature is over 20-25°c.
Under 10°C the fish takes little foods

The carp ie a very fapt growing fish. Depending on the quality snd quantity of
food ovaileble, ths growth mey differ very much. If a carp geta daily food of about
5-6 peroemt of its body welght, it will grow very fast adding 1-2 percent of the
body weight per day. For maintenance of the actuael body weight it is necessary to
foed roughly 1 percent of the Wdy weight per day.
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The different types of common carp svailable aret the soale carp (called German
oarp in Nepal), mirror carp (called Tsraeli carp in NHepal) and the so-cslled leather
oarp without scales which is not suitable for culture.

It im well known that the different cultivated strains of the common carp omn
wvary very mch as regards their growth. Taproving the oultivated carp strains ie a
vory important task of the praoctical gemetioists and fieh culturists.

The epawming of ocommon carp may teke place naturally or semi=artificially or
fully artifiocially (mee Chapter 4).

Chiness O Herbi: 8 O

Depide the common carp the most important oultivated fish group in Nepal can be
the Chinep= carps. Four different apecies with very different food and feedl
habits belong to this group, all originating from the great rivers of China., (Of
thege, three species have already been introduced in Nepal.)

Grass carp Ctenopharynsodon gdella)
Silver carp hthalwichthys molitrix
stiocht

1o

Big-heed oerp (Ari hys nobilis
Black carp Hylopharymgodon piceus)

Je1e2e1 rase carp

Ite appearance resembles a posly common cerp with elongated bodye The fish
Teedn on water weeds, both eoft and hard, aml eats leaves of plants aml gress thrown
in the waters DBelow 12°C the grass carp does rot eat wells over 13°C 1t starts to
eag something, but ite agpetite grows considerably when the temperature is above
20°Cs Between 25 and 30 G, the fish can eat an inoredible quantity of plants. The
digestive process of the grass carp in high tempervtures is very fast anl the
undigested or scarcely digested food passing through the gut will be emptied in the
uager and the excreta act as efficient "green fertilizer®. At tempevaturss over
25°C one grass carp can eat plante squal to 25-50 percent of ite own body weight
within a day. But it ie quite natural, due to the very fast anl incomplete digestion,
that the major portlon of the plante eaten retume to the water, fomming a well
distributed organic manmire.

The newly hatched grems carp first eate emell plankton animals, mostly Botatoria,
and larvae of Qopepode and Cladocerss Later, when 5=6 om long, it starts to nibble
the undervater plantss Some plants will be eatsn Ly the grase carp only if there is
no other cholce and it is very hungry.

Thue, the grees carp is benefioial in three ways in the ponds I} is useful not
only for its production of fish protein tut alee as & oerntrol for undepirebles water
plants and sexving as a "living manuring machine" whioh provides the pond conti=
muously with a well distrituted and highly effective organic manure.

A hungry adult grase carp mey eat the fry of fish end henoce the fish has to be
exolwled from mureery and breeding ponds.

The greass oarp may sat the food greins supplied specifically for the common
oarp, tut the extent of sueh utilisation will bs comparatively little. In order to
avold improper utilizaiion of food grainz the grass carp may be fed first and then
the common caIp.




The gress csrp is a very fast growing fish amd in subtropioal aresp it attaine
sexusl maturity in the seocond or third year. The fish gpawns in rivers amd umler
pond comlitions it can be propagated only artificially (wee Chapter 4).

Ja1e2.2 Silver obIp

The food of milver oarp conaists almost solely of micromcopio algas, generslly
pot bigger than 0402-0,025 mme It straine its food out of the water using the gill
filter apparstuse A silver oarp with 250 g body weight streins through its gill
filter an average of 32 1 of water per day. Ths fish has 8 comparetively long diges-
tive omeal, with the result that the digestion andi ths utilisation of ths food are
more complete than those of the grasa oarp.

1 the food for the eilver oarp is rich in the pond (which oan be produced by
muffioient fertilisation) the fish grows very fast, cometimes faster than the grass
oayp of the same age and initial weight. The young silver carp is an animel eater
and conwumes cbout the same food aa gress cexp of the same age (moetly Rotatoria
giljete and Neuplius larvas)s Prom about 3-4 om body length onwerd the Tieh etarte
ag an algae feedere The ailver carp ocan eat only finely ground artifioial feads like
flour, added in the water as floating material.

The silver carp attaina sexusl maturity at the seme age as the gress carps It
oan be propageted only artificially in pondss

Je1e2e3 Big=head oarp

Thia fish i very oloesly related to the silver oarp, but ite feeding habit is
different. It strains food out of the water, eating entirely plunktonic orgmisms.
Sinoe ite gill filter apparatus is not eo fine as that of the silver carp, it feeds
on bigger plerkton items, mostly animels like Rotatoria, Copepode and Cladoceras. The
largers algae like Aphanisomenon, Microcystis, eto., are also conwumed, TF the food
1g sufficiently rioh, the big=head carp grows fanxcr than the two other Chinese carpes
The pilver carp and big-head carp feed down %o 14 C; tut at about 6 C such ectivity
atopse The propegation of big-head ocarp is eimilar to that of eilver carp and grass
CArDe

The above-mentioned three Chinege carps, together with the common carpy form a
suoocessful group in the pond, utilising 211 the main food sources {food niches)s By
stocking theee fishes in the seme pond in & proper ratio,high production reates can be
schieved eaeily and oheaply. (ress, other plant meterisl amd offsl thrown in ths
water will be eaten Ly the grass carp aml result also in contimwus '"diclogical
namrings The so=called weed algae in 8 well fertilized pond will be muwoessfully
oontrollad by the grass carp and big=head obrps

Jete2ed Black carp

Thie Chinese oarp feeds almoat entirely on molluscs (e.ge water smaile) whioh
ooour in great mmberw at ths bottom of ponde construoted in the Teral amd Inner
Terai, and henoe this oarp oan be utilized in suoh areas to exploit the wnutilised
food resourven,

The question of introdueing the black carp in Nepel thus deserves sericue oonsi=-
deration,
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ca£1a (gatla catla)

This in the fantest growing indigenous carp in Indis and is & surface feeder.
Its upturned mouth and the large gill rekcers are sdapted to feeding on the mmercus
orgmisns floating in the pond water. In ponds with an overgrowth of submerged
weeodn, its growth is generally unsatisfastory.

Young ones,; from the time they begin feeding ord until they resch & length of
about 15 to 20 mm, feed almost axclusively on water fleas axd other plarkton animals
in the pond. Subsequently they prebably eat mioroscopic plante floating in the water,
though at all stages thw plarktonio animals constitute the most important item of
food, :

Cotla is reported to grow very quickly. In normally stocked waters, a growth of
A5=45 cm 1n the firet year can ordinerily be expected.

Oatla in the pecond year is ordinarily semally ripe apd therefore resdy to

. breed in the third sesson after hatohing, Catla breeds neturally in rivers during

the reiny asason btut artificiel propagation by hypophysation has been quite success=
ful (see Chapter 4)s The eggs of this ppecies float in water and are non-adhesive.

Jetede2 Rohu (Labeo rohita)

This iz coneidered ns the tastieat of all the Indien oarpes It is & quick
growing epeoles aml is & column feeders Its rather anterior fringe=1ipped mouth is
well adapted to browsing on shallow pond bettom algs, Considerable quantities of
bottom sand or mud, plant debris or decaying debris of aguatio plants, planktonic
alghe, oto., conetitute its gut contentss Only the young ones feed on plankten

A growth of 35-40 om oan normally be expected in the first year from rolm in e
well gtocked pond.

Sexual maturity im attained towardsthe emd of the secomd year aml breeding
habite are similar to those of oatla.

Jete3e3  Mrigel (Cirrhina mrigels)

The adult mrigal im & bottom fesder while the feeding habits of the young ones
are gimilar to those of ontla and rohus The fingerlings and sdults consume rele-
tively large quantitien of dectying orgmic and vegetable dsbris, phytoplonkton orge-
miens, eto. The proportion of animal matter in the diet of the mrigal is generally
?h:rl;udm thin teminal lips of the fieh are adapted to picking uy food items from

L ]

Nrigal grows mlower than ocatla and rohu. In & pond gtooked at the rate of about
15 000 fingerlings per ha, an averuge sisze of 20 om may be attained within 8 months.
By ithinner stooking cquicker growth may be expected.

Nrigal beoomss sexuslly mature when about two yeare old, The bresding habite
au:lthe J'mmi.m of artifioial propagation of the spacien are aimilar to those of
OBRTLE n
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QOther Fishee for Culture

Suitable techniques for the ocultivation of other important indigenous fishes,
such as mahsesr (Baybus tor or Tor tor) snd Barbus haxagonolepiy, both of which are
carajvorous; Mystus 8, Clarjag Hoteropneuptep 1is and the
different snow trout species (Agla ep., Oreinusy ep., Schizothorax sp.), which are to
be oonsidersd for oooler areas, have yat to be evolved.

The different apescies of a have beoome the "mirenle fish® of the posteyar
are and sany culturists had olaimed that these fishes may solve the animal protein
problem of the developing worid.

Most of the Tilapjs sepecies are plant feesiers, which property is highly
fayourable in such countries whare food greins produced locally suffioce for local
human consumption only,

The Tilapia protects itaprogeny very succeasfully, which charecteristio has Both
good ard bad implications. The saxy and suocessful propagation of the species under
oontrolled conditions is a great advantage but 8 few pairs of Tilapjs may overoromd
e pord within a few months resulting in the progeny becoming small and stunted and
therefors not worthy of oroppings Further, if Tilapjas is introduced in & pond, there
1is every possibility of some fish eqgoaping to neighbouring waters.

In Nepal there is & demsnd for smaller fishes at present, but in the years to
come the living stendarde will improve and consequently the amall fish may lose their
valus for human consumption.

Tilapis species have not yet been introduced in Nepsl. If it im envigaged 4o
introduce the fish into the oountry, the problem should be investigated in its
different aspects before & final decision is taken.

A [H VO

Hearing of predatory fishes together with common carp or other non~camivorous
fish specles is necessitated under certain conditions in which the egge, larvae,
fingerlings and in pany cases even sexually mature individuals of undesirsble fish
specien (noxious fishes and weed fishea) may invade the pond aleng vith the weter
mupply, despite careful filtretion through fine soreens. These weed fish apecies
oconsume the natural and artificial food of the cultivated fishes, thersby dimi-
nishing the production. Osnerally the weed fish spacies are snall, slow-growing and
their flesh ls of low market value, henoe the food which they consume in the pond ie
% be considered as waste,

*  Thue, tlw predatory fish has & two=fold purposs in the firet pond; it deoreases
the mumber of weed fish whioh compete for food with the cultured fish species and
also trensforms fish mnl other aquatic animal flesh of lesser valus into highly
valuzble meats GCertain speoies of carnivorous fishesslso est other snimals such as
frogs, tadpoles, shrimps, prewns,bigger water bDestles, ete., whioh are likely to
frequent the fish ponds Predatory fish alec render s "sanitary servioce” by esting
underdevelopad, 3ick or weak OATDE.

But the predatory fish haw to be either of the same or amaller site than the
reared fishe I+ is necemsary to wention that the predatory fish should mt be of &
“ghark” type (esge Hallago pttu) whioh may be harmful to the stocked fish,
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In Burops four speciss of “domesticated” carmmivorous species are cultured in
pondes In Indis there is no éuch fish available at present. It appears that.some

indigenous speciss such ss Mystup geenghala or Clarias batrechus or perhaps a proved
exotic predatory spscies may have %o be tried in NHepal.

THE MANAGEMENT OF PISH FONDS

1 aop of Mshe r

A good management is sssential for the whole fish production prooess, executing
the different operations in proper time,; ohecking on the effescts of the operations
and finding out the best aml the chespest solutions for improving the yield. In
order to do thim,adequate know=how based on a 80lid theoretical knowledge and preo-
tical experience i{s esmential, ’

The sucosss of a fish farm is measured by the fish pmdﬁood and by the low cost
of productions For achieving this aim, the conditions to be met ayes

Discipline and punctualitys In all ferms and projects wrking hours are
presoribed, which have %o be obmserved by everybody conosrned.

Order and tidiness. Many valuable materials and equipment are required in a
fish farme Toolo and equipment exposed to nature get destroyed due %o wear and
tear, .

After oropping, oaoh monk should be oloped iunediutel.y'nll the umised oontrol
boards and screens should be stored in a sheltered place like a shed, until needed
sgein,.

The workers should be trained to handle the equipment carefully and st the ond
of the day's work eaoh item ehould be returned to ite original place.

Special care should be tekon about the netws. Even mynthetic nets get destroyed
if they are not handled carefully. Wet nets left in & heap without clearing the
debris and amall fish, are liable to be damaged by rats, B0 sfter use the nets should
be dried welle After complete drying, the nete should be bundled and hung in the
store roon where rate and other animals have no accens,

Accurate and good work is essenticl. The labourers in the fish farm phould be
treined to do their work acourately and well. This means that it sust be oxplained
to them how to do specifio jobs and what the aim of the woik ise It should also be
wade clear to them why the wozk must be done in the presoribed way.

Recording of the activities is requireds The management work in a fish farm is
complex and the manager myd other responsible personnel have to srrangs several
things simultanecusly, Henos they should note down important tasks to be dones on a
day=to=day basise One who im guided by aceidental happenings and 2cts without any
mental preparation cannot make his mark as & fish fam wanagers

For the sake of effiocisnt control, data on the following aspeots should be
recorded at the end of the produotion senson:
ir the porcentage of loss in fish etooked

ils the duration of the preduction period in days {time between stocking and
cropping)

iii. tha total weight of the oropped fish




ive the ;om yield (weight of the oropped fieh mirus the weight of the stwocked
fish)

ve the yield per heotare
wis the yield per heotare per day
vii, total food supplied in the pond

viil, how lsoh of food has produced 1 kg fish (food gquantity divided by the total
yie
ixe total comt of food
x» the cost of 1 kg fish produced.

. It would De interesting if & greph is maintained showing the growth of the fish
in the different ponds, on the basis of the montly growth checkm.

A1l efforts must be made %0 prevent the theft of the equipment and fish.

*

Je2.2 Fiah Culture Operstions

The varicus steps involved in commercial fish culture operstions are desoribed
belowt

3:2:241 Stodking the ponds and fish stock menipulation

What to teke ocare ofs stock ths pond as soon am possible after caloulating the
msber of each opecies to be cultivated: The quality and condition of the fish
stooked should be patisfootory. Wesd fishes if oan get sooems to the ponis reduce
the yield considerably. Such species should be aveided by soreening of filtering
the inflow water properly.

1 miatekeat understodking the ponds will result in incomplets utilisstion
of the food able. Overmtocking is not a big mistake, only it is too axpensive.
If the dreining monke are not clomed fertile water with dissolved minsrals will be
dreined from ponds resulting in loss during the production poriods

Data to ba recorded: for recording the stocking data, a epecimen proforma is
suggested belows

. Fumber and Nuﬂnrfmﬂ *
avoyage weight | weight of fish Remarke
ot |t | of foh (osch | prrhersass | D el e
the pond | surface | PRecics and | (each species | stociing | body condition,
sise group |and sise group sto:)
seporately) separately)

3.2.2.2 Stocking ponda with common oarp

Stooking & pordl weans relessing in the pond an adequate mumber of the welected
Tish species whioh are of proper siss, The stocked fish should grow within & given
time to "market sise",




In stocking operations one must pay ettention not to etock or relesse undesiredble
or unknown fish species in the ponds This s the first rule of pond stocking, A
tast-growing strain mey produce 20=30 perosnt wore than fish stock of unimproved end
obsoure origin.

The aise, Or Datter the age, of the stocked fish is very imporiants The young
tish grows wuch faster amd will economically utilise the resources of the pond bstter
than the old oness In Nepal, where the oarp attaine seexval maturity in one year, 1%
i generally advissble to see that the stocked fish reaches marketadle sise during the
£iretd year. The young fish uses less fuod for maintenance and more for
1ts aotual body weights The vitality of & young fish is greater aml its search for
fol:d ayd utilisation of the different food sources are more sfficient than of the
older ones.

But the food ocapacity of & amall fish is mot much, 1ses it gut omnnod contain
snd digest the same quantity of food as & Ligger one whioh has a larger gut ospacity
and can digest & greater quantity of food during the smme times When & pord ie
stocked with small fish, wome wastage of the natural food is unavoidadle during the
firet period of prodmation.

The food and fesding habits changs with age and sise of most fish species. This
means that the carp and the other cultivated fish of Aifferent ages do utilise quite
differant food items produced in the pond. This iw the reason for stodcing different
sge groups of the sems fish in the same ponds In Burops, it is & common preotice to
aix different age groups of carp in the same pond.

The numbey of the stocked fish depsnds ont

1. intensity of oulture (samuring, fertilising and fesding),
11. denired madket sine, and

1ii. actusl sise of the fish stocked,

If intensive culturs is not planned or the market siss is to be large, the pond
should be stooked rather thin or during the produotion pericd thw stock mist be
thimned out to provide the remsining stock snough food, thersty imoressing the possis
blility of acoelerated growthe

Practically, three size groups of carp fingerlings sre used for stooking in the
growing ponds {called also fattening or produstion ponds)t small fingerlinge 2.5-5 o=
total length; medium sive fingerlings 5=10 om total lengthj and dbig fingerlings
betustn 10 and 20 an total length.

3024243 Bagio prinoiples involved in stocking operations

Befors considering the prinoipls of stockins, it is necsssary to be soqueinted
with the following conoeptet growth, growth rate and growing time.

The growth of a rish means inoresss in the body weighte The growth of s popula-
tion is the sum of the growth of individusle of the conoernsd population.

The growth of & fish depends on various factorsithe important smong tham beingt
the age and food capacity of the fishi the time taken for growing, the quality of the
strain, the food available, the nutritive value of the food, the health of the fish,
sha appetite, the oxygen content of the water, eics

The age and food capacity heve slready been mentioned,
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The time tsken for growing depends on the fish oulturist or on the nsturel
eciroumsiances, . The growing ebility is different for the various fish speoies and
straine.

The oarp can schieve within three months & body weight of 50=100 g or even more.
Within half a year thoss fish stocked At 3«5-5 om length nay grow up to 250-500 g
18 weight, depemling on the oonditions availsble in the pond the most important of
shioh is the food available. The charsoteristic of the partiomlar strain of carp
used is & very important faotor whioh should never de overlocked. Individuale of
4he seme species of fish may show different growth rates even though they may consume
the smme quality apd quantity of foods The improvemant of the fish strsing is
oconoantrated moatly on their growth charwoteristions.

A good fiah culturist seleots the best individusle for bresding and takes ocare
%0 maintain the fast growing property of his stodk.

If a fish oan oolleot enough food frem the natural food sources in the pomd, it
fills ite digestive trect 2-3 times & day and the resultant growth can be expected
+0 be sdetuate. In onses whors the food is woaros, the growth slowe dowm or stope,
or the fish may lose its body weight.

The growth rate of a fish is ths inoreass in the Wwdy mass during a given time,
uzpressed as dally or monthly growth rates Another mode for expression of growth 1»
»s the time in which the actusl body weight will (or osn) be doudleds The daily
growth rete may gemorally be expressed as percentage of the cotual body weight.

A fish suffering from diseases or infeoted by paresités will not be able to
oonsume much food and hemoe omnnot grow well,

The appetite of & fish depends on the tamperature, which detemines the speed
of digestion, and different species of fish have widely verying twmpersture yrefe-
yehoene The oarp doas mot generally eat at tempsratures below 8 ¢, and also its
appetite may decrease whan the water tmmperature is over 35°C.

Hhen the concentration of dissolved oxygen is low in the pond water, the fish
say stop Teeding. Under coniitions of low oxygen content, when the fish are seen to
gasp for air at the surface, there is no chance for growth.

It the competition between the imdividuale of a population is great, the wesk
ones will handly survives With age the survival rate will be higher, i.e. in
younger individunle there are chances of greater losssss

3020244 Practical aspects of stocking operations
The markes siger

Determination of the maxket aime of the culdivated fish depands not only on the
oulturist tué aleo on the consumers. In Nepal there is & great dmamd for fish and
ocarps of 100=500 g welght ot be ensily sold. Such sises are stiainable within
3=5 sonths by sppropriste culture cpsrtions, However, if the supply position
improves the markes sise is liable 0 ohange,

Zhenscepsary preparstions to be sade ares

¢ To £111 emough water in the ponde When the depth of the water in the pond
. 50=60 om the fish stock oan be released.




1. To keep in good state of repair the necessary gear, tools and trensport
squipnent.

iiis To ocalculste the mmber of fish to be stocked in esch pond.

The main faotors vhich decide the mmber of the fish 40 be stocked are avalls-
W1ity of enough natural food, fertilisation sod fesding, If feeding, fertilisation
or mamiring is not planned, stooking ehould be with 2 000-3 000 common oarp finger-
lingw.

. On the dasia of the area of the pord the pumber of fishes to bs stocked oan be
oaloulateds To make the caloulations easier it is better to stock round musbers.

Por comiitions obtaining in Nepal, experience concerning fish oulture in
commercial faras is ladkings It semms to be ressonable to stock the ponds, with
sorael feeding, as follows: small fingerlings (2.5-5 om total length) 4 000=5 000 per
heotare and medium fingerlings (5-10 om total lcngth) 2 000=3 000 per heotares When
intensive feeding is possible the munber can bve raiged by 2050 perosnts

- In osee the fish intended for stocking srrive at the site in o wesk comition,
they slwuld be kept 1o & holding net or haps near tdhw inflow region so that they can
reoover before releasing in the pond.

Je2e245 Tine of stocking

If the average growith rete of fish is 1.5 percent per fish per day, and if
10 000 fish of 20 g average weight are present in the pond, 4he growth of tha stook
is about 3} kg per days A 10 day delay of stocking under thess conditions mesns wore
than 30 kg loss in fish welght.

The productivity (produotion ability) of the ponds changes during the different
monthe of the year. In Nepal the maximum produotivity is observed during the
beginning of the reiny assason (June).

Sinoe mostly small or medivm fingerlings aye used for stocking in Nepal it is
not necessary to wait for the ponde to be filled. FPingerlings osn survive if the
deeper pond has about 50=-60 cm waters

The general mule should be to stock as early as possible,

3424246 Btook correotion and growth oheck

During the main period of production it is neocsssary to know about the sotusl
weight of the etocked fish or their growth,

In the course of growth ohecka, about 100-200 fish (about 1=2 pervent of the
stock) will be caught with & castnet or seine net amd meamured alive carefully and
releaged backs From the body welght of the stooked popwlation (or the result of
provicus srowth checks) it is oamy to oaloulate the actual growth during the period
in question on the daily or monthly growth rates.

An oxamplet for a growth check 138 fish weighing 18.6 kg are crughts ™he
averegs woight thus los 16 600 « 136 » 135 g The pond was stooked with 7 %00 fish
and henoe, theoretioally, there are 7 500 x 0,135 = t 012.5 kg fish in the pond.
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The average walght 15 days earlier was 105 g, amd hanoe the half monthly growth
Tate 18 30 g per individual amd the daily growth rete 2 g per inmlividual. Usually
the tish is csught when "on feed", and therefore it ie advisable to subtrect 5 per-
oent (as gut contents) from the meagured weighte In the case mentioned, 18 600 ~

930 » 17 g, the average weight is 127 g» GOrowth checke are important and help
in predicting the crops The future ocperstions osn be adjusted acoorxding to the indi-
oations derived from regular growth checkss After a growth check one can estimate
whathers

i1 the fish stock has sufficient food,
. iis the fertilisation was sffeotivse,
411, the population density is adequats for the mansgement measures teken,
ive the feeding hes & desirable effect,
v« whether stock thinning is required, am
vi, whether & young population should be stocked agein.

The growth checks have to be done onos or twice & month and i:roforably on the
.same ocalendar days.

T 3e2e2e7 Stock manipulation in mixed fish onlture

As mentioned sarlier, varicus age goups (size groups) of a speoles of fish
utilise differant items of food in tha pond. Sinoe the younger fish have smaller
food capacity, & part of the maturel food available during the early part of rearing
remains unexploited and henoe is wasted, Later on the same stock will need wore food
than the pond ocen produces So, in the first period an suxiliary stook of bigger fish
ean be intreduced in small mmbers sl during later pericds thinning out shounld be
resorted tomake Available mors food for the remaining onen.

Btook moanipulation is of greater importanoce when different species of fish,
shioh have totally differsnt food andl feeding habits, are stockeds The various
groups of differant fish species {at least 3~4 species amd two age groups of each
ocan utilise all the naturel food resourcsa ccourring in the pond, and in this way the

h:lghut poasible yiold can bs achleved out of the same blologlical prodnotion of the
water,

Monooulture, i.os stocking only one epecles of the same size ani sge,can never
utilise all the food resources unlike the so called "poly" or"multiculture®,

.It is woll known that the age group which is smaller in muber ie more
favourably plsosd in the pond, as the competition for food is less between the
mawbers of tha group.

Thers are different methods evolved by practice for stocking different age
groups of fishes in & ponds Jowever, the sxecution of the programms depends on the
availability of the particular age groups at% the appropriate periods.

A few practical hinte in this ocomnexion are indicated here., As sn examples,
sither 2 000 wedium carp fingerlings ani 3 000 mmall onsm, or 500 big, 1 000 medium,
and 2 500 small ones per heotare may be stockeds When the bigger ones reach the
markst sinme and the thinning-out process should start. it would be advisabls to stook
again 1 000=2 000 mmall sise fingerlings per hectare.

It "aréifioisl™ feed is provided in the pond, it would be advissble to stock
mmaller age goups a8 well, which oan utilies the remnmants of the food and
undigested partioles passed through the gute of the bigger fish.
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© . The momt effective method of stock manipulation is to use different species of
. fieh with different food and feeding habitss In Hepal the Chinese oarps (gress carp,

- silver carp and bigehead oarp) along with the. common oarp, have s great potential
frem the production point of ‘viewe The stocking of Imlian major carps with common
osrp aleo holds promine for higher yieldes -

T4 4is well known that by stocking common carp and herbivorcus oarps (grass oarp,
‘wilver corp, and big=head carp) in the ssme pomd, high ylelds cen be obiained. The
stocking retio depenis on the envirormentsl conditions in the pond. If the grass
cArp oAn be fod with abundant supply of gress as additiomsl food, 500=1 000 can be
stocked in 1 ha aress I, however, it is mt possible to provide cut gress and the
fish will heve scosas to only the water wesds growing in the pond, the etocking rate
maY be about 50-200 per has Silver carp om be stooked &t the rate of 1t 0001 500
and big-head carp at 300-500., The stocking rete of common oarp may be about
1 000-2 000 depeniing on the sisme of the fingerlings and other factors, mainly the
food available. i

In Nepal, sinoe practioal expariences én stockingere still meagre,the best rate
" will have t0 be détemmined on the vasis of axperimental obaervations. One soheme of

stocking (a Ohiness practics) whioh could Vs applied here almo ist 2 00D=3 000
silver oarp (5-8 cm)§ 100-300 gress oarp (8-10 om); 100-30C big-head carp (B-10 om)
and 1 0001 500 common oarp (3=4 cm). The moops for addition of Indian major oarps
to such a stock will have to be detemmined. 'The growing time for the mixed stock
will be one year, but the "thinning out™ operation osn begin even when one apecies
has reached the maricet simn. :

323 Isprovement of Bvjrommept

All She snvirommantal improvemsnt in & fish pond must bs done simultanecusly.
Forther none of them can be negleoted as defiocisncy in one respsct may restriot the
benefits of otherse PFor example, if a weed-infesisd ponde gets mamure it will
promote further growth of wesds and not contritute to the fish productions FRurther
if a pond ie infested with wild fish, they will utilise the inoreased biologlosl
production much mors than the cultured onos:

The following envirommental improvemsnts can be distinguisheds

Je2e3e 9 Protection against wild fish

Wild fish are not only & muisance, tut also act ag resl pests in the fish pondes
In the breeding and nursery porde they eat the ogge anml early fry of the oultivated
fishs In the mureery, rearing and produstion ponds thay compete for natuyal food
with the oultiveted fish apd also conmme the ariificial feed provided, They oan be
parasite carriers alecs In bresding ponds where many wild fish are present, the
COWNON OATD BAY Dot often Epmm.

The intruding wild fiek propagate very rapidly in the ponds. A few paire of
mich fish oan produse thousands of offepring, Some spsoles Bide in the mud whan the
ponde are drained and survive there till water becomes available, Meny of the most
noxious wild fish species bave scoessory respiratory orgwns with the help of whioh
thay oan breathe direotly from the aire 'They can thus survive in msall shallow pools

‘#r ditohess Bigger carnivorous wild fish mey consume the shocked fingerlings alsos




The damage osuasd by the wild fish is not at all compensated by the fish flesh
they represent when cosught. Most of the juvenilem of these fish pass through the
screeng during the draining of the pond. Even if they remain in the pond they have
no market value. The bigger wild fish will be consumed by the fishermen if they have
envugh t.'una-to oollect them.

=t P e T 4 wd1 t -""H“ awme uasd fa wera

In moet fish farss scresis ﬁttﬁ to the inflow structures are used to prevent
entry of wild fishes. Such soreens, especially those with smaller mesh, may affect
the rate of flow of water and ofte:n get clogmed with de'bris. Further, there are no
screens which can prevent the entry of amall larvae or egga of wild fish into the
ponds All moreens need daily checking and cleaninge Under theae ciroumsetances other
struoctures which can effectively check the entry of wild fish have to be fitted to
the figh pond. Some such important siructures are degsoribed below:

3420302 Water filtering atructuree (Figures 29, 30 and 31)

i, Brush yood bupdles

A "fence®™ made of brush wood bundlees packad tightly and comstructed in & semi=
circle in fromt of the inflow stmoturs cen effectively function as a simple filtering
ayetems PEach bundle in the “fence™ may be nailed tightly to long pegs dug into the
earth and the entire gtructure should be checked often in orxder to ensure that no
erogion oceurs between and undemneath the bundles. In oxder to provide sufficient
strength to the structure, & fow poles may be driven into the earth behind the fence.

Advantgggas Such a "fence" is to be coneidered asp e stop~gap structure which can
be constructed with eapily available materiale. It will work well if properly made,
checked often and repaired as and when necessary.

Disadvantarest The atruciure never luosis long especially during sumer eeagong,
The brush wood bundles may bresk into pieces, which when washed into the pond get
entangled in the nel and clog the screen of the outlet structure. The gemicircular
structure ghould be large enough to prevent ocourrence of erosion behind the "fenceM.

& more durable structure of the same ghape can be conatructed with stomes amd
gtone chipe piled beiween rows of poles fixed parallel to each others. In ordar to
prevent it from being woshed out it wonld be advisable to make a foundation for the
atone pile by laying bigger stonsa 10-20 cm deep in the earths The stones should be
placed near the poles and the epace in between may be filled with bigger stone chipm.
The structure need not be higher than 30 om in most cases.

Adyantages: Thie siructure can be constructed by the farm workers with cheap amd
loeally available materialss It will be durable if the length of the semioircle ie
adequate, in which case srosion may not occur.

Disedvantasest If the inflow water transports too much debris or silt, the atruo-
ture may get clogzed in course of times Once a year the structure must be taken
gpart end fully repaireds If big holes remain between the stons chipa, the struoture
will not function properly.

1i, Screen basket

A screen badket can be fixed where the inflow water if flowing into the pond.
The backet may be mads of plain iron shest or of one side open drum at the bottom of
swhich boles are made with & nail from outaides The figh falling into the basket will
be lmrt or killed by the force of the water.
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Advantagea: The "screen basket™ breaks the force of the falling weter and helpa
to prevant washing-cut amd washing-back effecta. It is eagy to move from place to
place. The fish collected in the basket can be utilized sither for meking fish feeds
or for human congumption.

Disadvantagest All the fish falling in the basket may not be killed and the
mmall fry or eggs may easily pase through without damage.

iii. Fized baskei with stonea

If the inflow of water ig stable, the basket can'be fixed to polees driven in
the earth and then filled on the pides with stones and in the middle portion with
* gtone chips. The fish falling in the basket will generally be killed on the stone
chipss Even 1f some manage to eacape they cannot pass through the stone chip heap.
The structure should be fitted about half metre above the water surface to function .
effectively.

Advantagess Thie structure which is very durable, can be comstructed out of
locally available muterials without the help of ekilled workmen. The force of the
inflow water is broken totally by the stone chips, which helps to prevent washing-—
out effecte.

Disadvantagess If the "stone basket" does not have a hollow in the middle region
where the water falls, some of the very dangerous fish gpeciea (Qphiocephelug,
Clarias, etce) mey jump or olimb out and escape unhurt into the pond. The emaller
fish caught between the stone chips may rot there. The "backet™ may get clogged by
debrie and silt, and hence muet be checked and oleaned often. -

ive Stone chips filter

Thio is 2 stable structure constructed on the feeding capals end wade of earth
or bricks. Since the structure cute down the quantity of the flowing water amd
reducea the water current it must be consiructed 23 times wider than the original
canal.

The brick welled chamber has two rough wooden or iron bar screens one in the
front and the other at the rear, which keep the stone chip pile in position. If the
chapber ig conatructed on an earthen channel the inflow end outflow portions, sach
about 1 m lemgth, must be conatructed with bricks.

Advantsress This is an effective aml atable structure which needs mimple masonry
work and if consiructed well, failures will be rare.

Disadventages: The chamber may get clogged with silt and debrie in which case
the stone chips must be removed, weghed, amd placed back. The comstruction of thie
structure lg rather expensive.

ve Reverse ﬁ.lfer

This structure can work effeotively and provide clean end filtered water, The
"atone-atone chip-coarse pand™ filling is to be washed out by reverse flow for
removing the deposited eilt. The inflow water muet be acreened to prevent the
clogging of the cleaning valve by bigger size debris. Bocause the effectiveness of
the filter is rather limited and it iz rather expensive, only in mitnations where
clean and filtered water is needed, as for example in a hatchery, should thie be
conatmoted.

Mvantasess The reverse filter ocan be 8 succeseful anml steble structure if
construetyd % mintained properly. It provides clean waters




Disadvantagest It is & rather expennmive gtructurs and skilled mesonry work is
neadad for its comstruction. The bigger debris should be screened before the water
enters the structure and the filter must be washed out by opening the cleaning valve
daily or weekly depeniing on the queantity of emall debris and silt. Improper
handling of the filter can cause total failure eyd repeirs are generslly very
arduouts and coatly.

Where to plzoe the filtering structure?

The fﬂteﬁng structures should be constmcted on the main feeding canals and
in such places whers an incursion of wild fish ocould be expecteds

In addition to comstruction of a filtering struoture, necessary precantionn for
preventing entry of wild fish through draining structure also should be taokems Small
pools and ditches on the pond bottom should also be checked carefully for the
presence of wild fishes.

Je2e3e) Weed control

The fish oulturiet can dietingnish different groupa of water weeds which inter-
fere in the fish production process.

These groups aret

i, oubmerged weeds
iie floating weeds (moteﬂ and wnrooted); -
iii. emergent or hard weeds and
iv. marginal weeds.

Small growthe of these weeds may not be harmmful but there is always the danger
of their pmliferation remlting in adverse effecte on fieh ouliure operations.

The pubmerged weeds absorb the mutrients from the useful primary producers, make
the free movement and paassapge of the fish diffioult and hamper the netting operations.
Further, the floating weede and emergent weeds in dense populations keep the pond
water dark, where due to the lack of punlight no primary pmduction can oscur.

The shallow fish ponds are prone to be overgrown with different types of water
weeds. The most dangerous weeds are those which prevent the entry of punlight into
the water. These include dense growths of emerging water planta and those whope
leaves float on the surface of the waters Such plants twin the umlerlying water
into & "degert"™ where no uppreclable biological preduction cen occur.

From the blological production point of view all weed infestations in the pond
gre undesiraeble and haymfuls Hewever, emerging plants growing within a narrow fringe

zone along the dikes can help in breaking the action of waves epd thereby prevent
srosion.

The genoral weed conirol methods fall under three main hesds ag described belows
i. Mechanicel methods

Hard clearing of aguatic weeds is the oldest, probably the most frequently used,
and the most arduoue methods Many species of emerging plants can be pulled out by
thelr roots when the growth ptartss Hand raking can be effective for clearing sub-
merged weeds growing near the shore-lines COutting the weeds with a sickle may also
be effective under some conditions. Rooted plants can be removed by dragging a wire
rope with a fizxed pulley or winch,




The cut oxr palled up weeds should always be removed from the pond in order to
prevent further sprouting. Dead plante in the water disintegrate dquickly caunsing
oxygen deficiancy.

Mechanical removal of the water weeds can only be a tanporar_v measure and some—
times the weeds grow faster than can be removed by hand

Power opera‘lsed weed cutters are aleo used to control agquatic vegetation amd in
soh cases the operations should be taken up frequently throughout the growing
BeARONA

ii. Chanical methods

Several herbicides and weedicides ars knowm to effectively comtrol many epecies
of amuatic weeds in ponds, provided thai the operator knows the species of the weed
present, the appropriate herblecide, the recommended dosages, {the best peried for
treatment and the volume of weter to be treated. A few of the importan‘l: herbicides
used for the control of aguatic weeds are mentioned belowt

* Copper sulphate: This is the oldeat and most widely uvased ochemical for the
control of algae. Dosages of O«1 to 1 pPpm are usually adequate, but sometimes it
would be necessary to resort to repeated erplications. The chemical is generally
not clapsed under the "dangeroua" category in that a 2.5 ppm copper sulphate solu=
tion is not considered hamful in drinking water.

2;4-D D (2,4 dichlorophenoxy acetic ecid)s This is claimed to be very effective
in killing the water hyacinth (Eichhornia crassipes), which is now 2 great menace
in Bagtern Nepal. &n 80 percent aqueous solution of the 2,4-D sodium salt (oummezh
cially knowvn as "TPaficide - 80") by itself can produce a total kill of the hyaecinth
at the rate of 2bout 4 to & kg per hectare. Ite effect appears to be quickened by
the addition of & small quentity (0.1 percent) of the detergent "surf" to the
aqueous solution. The plante are very susceptible to 2,4-D treatment in summer
when the tamperature, bumidity, and subpequent rainfall help in the quick decomposi-
tion and dissolution of the dead vegetation. The treatment does not cemse mortality
of finhes,

Some other chemicals generelly uwsed for aguatic weed control ares 2,4,5=T,
Silvex, Dalapon, Simazine. However, the actual effects produced by these formula-
tions have not yet heen clearly undersiood and hence are not recommended for
general use by pisociculturista.

iit. Biological methods

As indicated earlier, tha graass carp cen be effectively uped for the control
of many types of submerged weeds. A population of 100 grass carps oan check the
growth of weeds in a 1 ha ponde The next best plant-eating fish is Puntius
Jdevanicup principally raised in Inlonesias Mmy of the Tllapia speciea are aleo
effective water weed saters.

Unfortunately there are some hamful water weeds which are not eaten by the
herbivorous fish, Many other weeds are eaten only when the fish is starving for
days. It im also kmown that only the bigger (asbove 0.5-1 kg) grass carp can eat the
harder water plante.

Another method of controlling the hamful water plants is to raise ducke in the
pond. The ducke nibble at the leaves aml sproutm contimwously checking thereby at
least the proliferation of the weeds.




In general it may be stated that & fish oulturist should first explore the posei=
bility of adepling biologicsl weed ocontrvl methods. Mechanical methods come next in
the order of preferance, followed by chemical wethods which inoidentally are the most
expensive and nesd maximom teohniocal cere and akill,

342344 Providing matrients in ponde

The importanocs of the mamring and fertilisation in modexn fish oculture is
indisputable. Both prectices aim at direct promotion of the biologioal preduotion &y
providing nutrients for the primery producers in the ponde The fnod relationship in
& pond stocked with different apsoies of fish is indicated in Pigure 32.

The use of sxosss amounie of maymre or fortilizer is not only economically bad,
but aleo blologiocally harmfuls The mamuring and fertilising has to be done systema-
tically and the reeultant effects in the pond have to be checked regularly.

Overdosea of manure are in most cases fatal to fish life. The haphasard u'qu of
mamuring and fertilizing may do more harm than good.

The quantity and quallty of the mamure and fertilisers used smet be acourately
recorded and economically evaluated after the cropping. It ie advisable to record
data concerning each pond separetely on the proforma’ given belows

Fond No. or pond name, area Yeart

Kind of manmure
Date | ‘or fertiliger | Suantity | Price

At the end of the seagon it should be pousible to find out how much fertiliser
or manure was necessary to preduce 1 kg fish and the expenditure inourred for the
SaMmS.

The role of mamring and fertilizing:

Experiments carried out in verious regione of the world have proved that
mamuring with organic materials and fertilization with imorganio chemical compounds
can incorease fish yielde considerably.

The main faotere govemning manuring and fertilising are the quantity of
materials used and the frequsncy of treatments, i.es,the distribution of mamure amd/or
Pertilizer in time, and fall under three groups, vis., chemisal, bieclogical and
economio.

Chamlcal fasterss According to Hepherl/ ths water in a fish pond is "a complie-
oated gystem of equilibria in which ths ottem soil takes an active part. These
equilibria govern the cycles of the elementa in the pond and their comoentretion in
the waters There js 8 clome interaction betwesn the chemioal equilibria and various
physicel, biologival and edaphio (envirenmental conditions of the 90il) factors euch
as temperature, photomynthesis, bottom soil compomition, ete. Theee faotors affect
and are at the same time affscted by changes in the chemical equilibria and the
qrole of events in the pord"

1/ Hephery B., Some limiting faotore affecting the dose of fertilisers added to
1967 fi?h)ponéa, with special refsrence to the Near Easte FAQ FishoRepe,
44(3) 1 1=
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The adding of mineral nutrients in & pond by fertilizing upsets the chemionl
suilibyrivm, which however tends to stabilise 1tself and the added elements sre with-
drewm from the water hy various chemical and physico-chemioal reactions, leaving only
a part of the fertilisers at the dieposal of biological reactions.

Phosphorus is & very good example of this am it can be abporbded in bottom soil
oolloids, precipitated as insoluble calcium phosphate, or bound by iron or aluminium
in an inscluble forme The nitrogen compounds added in the pond oan also disappear in
dif ferent ways.

The rats of disoppesarance of the added fertiliser is dependant on the comoentre=
tion of the nmutrients in the water, the higher tiw conoentretion the quicker the
dissppesaronces A conosntretion of phosphates over 045 mg per litre is in most cases
useless and the sems is the case with concantration of N over 2.0 mg per litre. Over-
doses of mamrs may not affeot the equilibria of sl ements tut may badly influsnes the
tlologioal processes and ths oxygen content in the pond.

Biological fartors: A part of the nutrisnts added asfertiliser is tsken up by the
phytoplankton and serves the initial purpoge of imcreasing ths productivity. By
inoreasing the phytoplankton the whole food chain will theoreticelly be enlarged
regulting in incremsed fish ylelds. However, the food chain and the growth of fish
are affected by a runber of footors of which phytoplankton preductivity is only one.
If ono of those factors whioh affect the growth of fish becomes & limiting factors,
increasing phytoplankton production alons may not result in increased fish yields In
such caseg the fertilizer or manure added in the pond beocomes useless or aven harmful,

Economic faootorst The effect of fertilisera on fish yield is governed hy the lew
of diminishing returns beyond a certain-stage. Thias means that esoh succesnaive
portion of the fertiliszer onuces a emallor retumm in yield, until such a point ia
reached from where thore is mo further inorease in yield with the eddition of ferti-
iizers From the economio point of view the optimum dese whioh repays itself with the
higheat profit from the yisld of fish is reached before swch a lavel, The optimum
offect of the fertiliser oan be utilised only by an adequate stook of fish whioh makes
uee of the inoreased biologioal production in the pond.

. All the factors mentioned above should be oconsidersd before finalising a
programme of fertilising and mamuring, taking oare to avoid a wastage in msterial and
time, and not to endanger the profitability of the whole operation. .

342345 Namring

Orgenic manures distritutod in the pond water stimulate and promote incorensed
biological preduction. 8ince the dry material content ¢f the organio mamuye for the
mont part 10 o ocompound of oarvon (0) (40=-50 peroent), and oarbon is the most impore
tant constituent orzanie material in the body of living orgmismmo, the basis of
manuring is otwious. The conatruotion of living materisl by the plants from ocompli=
cated organic oompounds hag already been desoribed.

In old praotices the orgenioc mamire used to be esoattered or placed in heaps ad
the bYottom of ponds. This type of manuring has its limitations, as in the md of the
fish pord thers is usually less or no dissolved oxygen present sad hence the greater
part of the carbon compounds become methane, o usoless end=produots

If the manure is dissolved and/or finely distrituted in the production spaos of
the pond, 1.9. in the column of water where the reducing bacteria are always present,
the decomposition of the complicated organic compounds to simpler ones down to oarbon
dioxide can toke place, am the oxygen is usually pregent in surplus amounts in *hie
sones The algae present there can immediately utilise the simple organic compounds
apd carbon dloxide for the construotion of living orgenioc materiale,




th the' orguuo llmn bas ‘some phosphorus, nitrogen, potassium, etos,

uhtoh ¥i11 aleo be well mmmm in the water ani oan bo utilized more fully by

thil mthod or lppliolmn.
A 100 kg lot of pig wamre contains sbout 8 kg of carben (C), whioh oan theore-

- .ﬁﬂo&lly produce about 15-16 kg algn {expresesd ‘in dry matters From prectiocal

. sxperience it has been found that out of this emount of mamre about 34 kg or even
more ‘fish oan be produced. About the same amounts oan be obtained using other
-organic manures like cow dung, chicken droppings, duock droppingw; eto.

.

: A nnurinc boat is generelly used, which has an installed small motor pump of
oapacity (5=10 1 per second). Water i pumped from the pond into & fixed tube fitted
on the side of boat and provided with & hoppers Wet pmarmure is shovelled into the
bopper in which the pumped water runs at & high epeed. While the boat is driven
through strip afier strip on the whole surface of the pond, the waier jet produced

. cuts the wamre into fine places and pulverizmsthe eolid parts. This sanure solution
is thrown on the surfase of the pond, whers it will eink and dieperse.

In another method & soreen basket im hung on the side of the motor boat in wuoh
a way that half of it is under watere When the boat moves forward fast water is
foroed into the basket and will diesolve snd disperse the mamire, whioch is shovelled
oontinuously within the basket.

The above methods can be adopted only in bigger ponda of say 20=50 ha. The
mamuring is generally done daily or onoe in two deys, or et least weekly.

In Kepsl, since the fish ponds are generally smalier, the above methods of
manuring may not be profitable, HNence the following modifications may be employed,

If a suitable boat is not available at the asite, an old blowneup oar tube can be
used for meruring purposes. In the middle portion of the tube & soreen basket may be
hang, in vhioh the softened marmure is filleds, The tube can be pulled to and fro from
the bank of the pond, changing unifomly the course on the pond surface and
the process the coft manure (kept socaked a day earlier) will be reduced to amall -
pleces or get dissolved and get dispersed on the surface of the water. The soreen
baskcet will have to bs refilled as soon as it is empiy.

If » sual) boat (punt) is evailable the soft manure can be mized with water in
the boat and the solution thus obtained may bs dispsrsed on the surface of the waters

On an average the wquantity of the organie manure to be used monthly may be about
005=0+8 © per heotars {wet weight)s This means a dome of 20=35 kg per day per
heotare if the application ie daily (with 25 working days per month), 30=50 kg per
heotare if onoe in 2 deayw (12 ¢ a menth) er 120=150 kg per heotare 1f weakclye

In Nepal einoo man power is rether cheap it 1o advisadble to undertake manuring
daily or at least on slternate dayss

Excess of organic manure in the pond osn Yo harwful as decomposing organio
sdterial will exhaust the dissolved oxygen content of the water, at firet near the
botiom, resulting in fish mortality.

Where the bottom of the pond is poor in organio material, organic sanure may be
distrituted ot the rate of about { t per heotare per year, preferably before inunde-
‘ions This will favour the development of & richer hottom fauna,
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The mammring should be done always bafore noon so that there will be enough day-
time (i.0. 11lumination) for the algae to benefit from the mamre.

i1 Dycks as wammring “machines" in the pond

Rearing of ducks can be a very useful, cheap and highly profiteble methed of
providing organio marure oocntinuously in the pond water. Fish-cum-duck oulture ie a
vory wide-spread practics in Purope and it 18 known that the ducks may raiss the
patural yield in the fish ponda twomor three-fold.

The effective mumber of ducks to be reared in a fish pord in the temperate
areas 48 about 500 per heotare per yesrs Dut no sxperience is yet available
re ing the rumber of ducks nowied in subtropioal areas where the pericd of fish
oultivation is almost double that in Burope.

i1i1. advant of oum-duck culture are!

. {a) A properly adapted flock of ducks will stay in the pond throughout the
day ard nighte The highly valued mamure of ducks {about 5-7 kg per
duck in 50 days) ie well distributed in the pond water. From the
manures of 3=4 ducks an increase of fish production of about 1 kg oan be
expected,

(v) If the feeding of the ducks is mrranged on a specially made "duck isle®,
the resultant garbage will be eaten by the fish.

{c) The ducks eat the soft weeds in the pord and thus control the wild
growth of the hammful plante.

{d) The ducke eat the onaile, tadpsles amd bigger water bugs in the pond,
whioh otherwise remain unutilized by the oarpa.

(e) DBy the culture of ducks in ponds the production (duck + fish) oan de
raiged by about 1=1.5 t per heotare per year.

The only disasdvantege in fieh-cum-duck culture appears to be the demage caused
sometimen to the dikes, but thie can be swided by appropriate means.

ive Other methods of organic manuring

In Nepal a large variety of plants grow along the pond walls and on the shallow
regions of the ponl during the rainy season. They should be cut repeatedly during
the latter half of the rainy season, bound with strong wicker into sheaves amd
miled to poles driven into the poml bvotiom along the shoryes Fish food organisme,
mostly insect larvae, will grow on the rotting sheaves. Further, the common carp
and other fish species will eat the decayed plant materials Aleo the carbon dloxide
and other organio and inorgenic meterials mey be releasged during the deoaying, which
will benefit photosynthesis and primary production in the ponds If the pond hasan
mmisblc number of gress oarpe, hewed grage oan be thrown daily into tha pond os

»

Ve ation o sh And tivation of plante

Conditions in Nepal favour the alternation of fish culture with cultivation of
Plunte in the same year in order to keesp the pond mud rioch in organic matter.
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An sdequate growth of common carp can be sohieved in Nepal during the reiny
seagon of about 100=120 deyws If an area is enoirecled with dikes and provided with
necessary inlet and outlet struotures, it ocan be used as a fish growing place
the monsoon and subsequently when the water becomes inadequate for fish life, it can
be utiliged for irrigation of those aress whioh are on a8 lower leval than the pond.
The pond ares itgelf can be ploughed and sowed with saeds of winter plante like

mrnadned  wemstahlam. ads_ APt aw hirrastdns the Avan 2ha svadbe and adhan nawke ~8
TARWEILy TREvvRsaSl) Sels oiwol mIVomval AT UIWY NV SUVVE taks W IOAYe P4 VS VA

the plant which remain in ths pond eo0il will scentribtute to the bilologieal production
during the next reiny season.

This type of fish culturs can be preactised veyy sffectively in areas where

i+ improvement of the woil for egrizultuyal use is necessary,

iis frequent floods endanger the orupm,
iii. weter supply is not adequate for fish oulture during the dry semsons, and
iv. eeepage rate of the soil 1e high,

3e2e3e6 Fertilization

" In most cases of organic mapuring, the quantity of phosphates aml nitrates
avajlable ip not appreciable and hence for the purpcae of obtaining a production of
organioc material of higher soale, mere phosphorous and nitrogen compounds will be
noeded,

The inorganic and orgenic phosphote compounds ars involved in the production of
organic matarials, especially of proteins, and henoe phouphuta fertilizers are bene~
fioial.

The phosphate fertiliser will often be trapped in the mud of the ponds Opbow
the mwd takes in the phoaphates it will hardly be releassd again. 50 it may happen
aleso that phosphates are present in the pond, but cennot be used by organimms, ap

only those parte of the compounds which are dissolved and well distridbuted in the
water are accessible to the algas.

The need foy phosphates is constahit and henoe the maximum effect csn be
achieved by plwephate fertilisation specially if distrituted daily in the pond water.
But the doily requirsment of phosphate ie relatively 1ittle with the regult thet it
ie quite imposeible to distritute it uniformly in the whole pond arsa. In Hungary,
where many fish culturists apply pig mamure in the powis, the daily phosphate dose
is nized with the monure before application, thue achieving a uniform distriation.
(Another important reason for mixing the organio manure with inorgenic phosphate is
that as time passes the latier gets oconverted into organic phomphate compounds.)

The algne floating in the water cannot search for the necesssary phosphetes
nesded for assimilation and so there will be no bensfit derived from the latter if

they are just thrown in one corner of the pond. Uniform distridution is a oust
when fertilisers are added in the pond.

The distribution of fexriiligers in & pond in time im mnother important factor
to be taken into consideration. Fommerly it used to be suggested that application
of phospheten onoe or twice & year will be advantegeous. However, at that time
very little wam known sbout the trepping of phosphates by the mud,

Where deily manuring is practised the esasiest way is to mix the phoaphate
fortiliser with the menure a few days before applicetion. It has besn found by many
workers that 0,2-0.5 mg per litre of dimsolved ons io surficlent to maintain s high
level nasimilation rate of the planktonic algae.

—#_—_l




-49 -

In Isreal & sciendifically proved technique has besn developed by spplying
60 kg superphosphate and 60 kg asmoniuve sulphate per hectare once every two weeks.
Ti11 suitable 40see are standardized the same technique oan be adopted in Nepal alwo.
since Bbour is cheaper than in Israsl distribution can be done weekly,
wing & half or & quarter of the dose mentioneds Preliminary experiments have shown
that fertilising with half the quantity mentioned {half standaxd dose) has quite the
“same offeot during the sutmn gesson.

The following fertilisers are available.in Nepalt
Complesal (20 percent (m!")2 80, and 20 peroent 'a"s)
Superphosphate single (16 percent ons)
rphosphate triple (43 peroent l.'ig,)

this compownd is t00 conocentret
15=15-15 (15 paroent N, 15 percent P05 15 percent k)

Complesa) and single suparphosphate appear to be the most suitsble fertilisers for
fTish ponde and the suggested quantities per hectars ares 30=-40 kg ocomplesal or
3545 kg single supervhosphate applisd bi=weskly or half of the quantity every week.

In Terai and Inner Tersi the production pericd lasts for 26=28 waske whioh
moans that 400500 kg of complesal or 450-600 kg of single wuperphosphate would bs
required per heotare par ysars For the rearing ponds which are in uss batween Nerch
and June, 240-320 kg of complesal or single sperphosphate would be needed.

Beosuse the intensity of osrp oulture in Nepsl is now far less than in Isrssl,
it would be advisable to start with leassr gquantities of fartilisere. Some suggested
initial doses ares 10=15 kg complesal per heotare bi=weekly, 58 kg per heotare
:::13. 20-*2?, kg singls supsrphosphate per hectars bi-weeskly, or 10=12 kg per

e We »

Applying the fertilisers in the inflowing wvater will not give satisfactory
resultes as it may flow out directly without mizing with the pomnd water oy the inflow
way get stagoated around the inlet structure.

is Pertilisers with njtrogen compounis

The moet important ohemionl compownds of the living organiams are the proteins.
Sinos proteins have about 17 parcent mitrogen oontent, the importance of the yole of
the inorganic mitrogen compounds as rew materials in the produotion proosss of she
pond is obvious.

The baneficial effect of nitrogen fortilicers in agriculture is well knowne
Avout 20 years ogo Buropean suthors used to indioate that fertilising the fish pomd
with nitrogen fertilisers in useless and uneconomiocsls, 1% had been olaimed that s
major portion of the inorgenio nitiogen compounds are broken down to nitrogen gus by
the so=oalled "denitrificoation beoteria™ and thereby of nwo use as raw material for
the construotion of proteine. Accoxding to ons partioular suthor about 20 kg per
hsotare per yeor nitrogen compounds (mostly nitrites and nitretes) are provided from
the air and weshed in by the raine. Thioc quantity is oqual to alout 100 kg 20 per~
oant nitrogen fertiliser, It has aloo baen stated that gome bacterio and blue-gremn
algns are able to bind nisrogen ges dissclved in wator, producing in this way
proteina. Abeut 15 to 20 years ago other sclentiets found that many algae common in
ponds and lokes are able to bind dinsolved nitrogen gase These findings aloo have
mpported the theory of "self=-supply” of nitrogen compounds ass indicated sbove.




Some other suthors have stressed the haywful effects of nit ocompounds distrivuted
in ponds, steting that the highly poieonous smmonium ion (NH,”) can develop from
nitrogen fertilisers if the pH is high (approx. 9). Ammonia %2 & nerve poison snd osn
kill the fish.

On the other hand, very high yields of fish have been achieved year after year in
Tsrael during the last decads hy epplication of inorganic nitrogen compounds as ferti-
1ieers. Amonium sulphate, smmonivm nitrete, carbamide,liquid smmonia, sto., are
used in moh practices.

The conmtyediotion Betwesn the European ani Israsli experiences can be explained
ap follows, In Europe, under temperate olimstic conditions, the fish yleld has,been
about 043=0:5 ¢ per heotars and the stock nmot denser than sbout 1 fish per 20 m™.

But in Isreel, under subtropical comiitions, the ylield is a‘houtzz t per hectare on the
average anl the stock adsquately denssr, sbout 1 fish per 2-5 m".

It thus follows that, for the comparatively lesser intensity of production
prooess in European ponds, nitrogen compounds derived from nature have been found to
be suffioient, but for the incressed production retes in the gubtropical waters sxtma
nitrogen supply im necessary.

It ocan therefore be generalised that for a lower rate of production the hene-
ficial effecta of nitrogen fertilisers are negligibls, but where the pond management
practioes are adequately intensive and the fish population is sufficiently dense, it
wuld be necesaary to apply nitrogen fexrtilizers.

In Nepal sufficient experience is not yet availsble on the uae of nitrogen
fertilicers and hence the Israeli example could be followed by uwaing 30-40 kg asmonium
sulphate bi-weaskly or 15=20 kg weekly, together with the phosphoyous fertilizer. The
retio of P and N oompounds dissolved in the water may bs 1314 as detormined by Swingle
and Smith.

ide Onleiun fertilizers

Limestone powder, quick lime, sleked lime and industrial wastes rich in calofum
are used as calcium fertilizers in fish ponds.

In Burope large quantities of different kinds of oaloium fertilizers are applied
with obvicus beneficial effecta. Caloium fertilizers are applied in ponds where the
pH is neay 7 or less dus to presence of humic acids oy other chemical compounds, or
in those lacking in dissclved inorgenio materials. For ocorreotion of pH 1t will be
necessary to dissolve & large quantity {1=2 ¢ per heotare) of sleked lime or other
caloiun fertilisars, to obisin satisfactory resultse

For normal fertilising when the uim is to enrich the calcium content of the water
or to keep the hydrooartonates in solution and to bind the 00, gas, 400600 kg oasloium
fartiliser per year per heotare is used,

The usefulness of oalcium fertilisers depepds on the caloium content of the pond
woil and on the dismolved caloium content of the water supply. If the pond water has
50 mg or more of dissclved osloiuw per litre, application of calcium fertiliser would
not be necensarys If the water ham & higher nagnesium content or even the sodium or
potassium content is high snough, all of which can substitute the caloium as hydro-
carbonate holder in the pend, spplication of celoium fertilicers may not be necesssry.
o oxperionce is yet available in Nepal concerning use of Ca fertilisers.
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iil. elements &8 F1)

Experiments conducted using manganess (Mn), boron (Beo) and molybdemm (Mo)
compounds &3 pond fertilizers have shown the beneficiel effevt of theme so-cmlled
treoe slwmentss. Bul no prectical method has yet been developed for the applioation
of trnce elemants ag fertilizers in fish ponds.

3e243e7 Disadvantages of over-menuring and over~fertilisaiion

The sdverse affects produced by decomposed manure at ths pond bettom have
already been emphasised. Over~manuring ocan alsoc cause the so=called "self=
ocontamination® Eautooontnimtion) of the water body in whioh the living orgenismms
dies suddenly and their rapidly decaying bodies ooneume the dissolved oxygen.

The pond water im incapable of atoring ami economizing the mamure eaddeds If the
quantity of mamure required for one month is given together on one day, the
orgenieme which are responsible for the decomposition of organic meterials will act
immediately ueing the oxygen available and cause oxygen deficlency,

It i not advisable to distribute in the pond at one {ime even the amount of
menure regquired for cne or two weeks. For example if the deily requirement is
30 kg per heotare, it would be very dangerous to distrimte 400 kg per hectare
bi-weeklys The emount which can be distributed should not exceed 150-200 kg per
hectare on each application. -

Over-doses of phosphate fertilizers may not result in d:ll:ect fish mortality amd
hence are not &8 hammful as excess of orgenic manure.

All fertilizers with ammonium content can be very harmful if the pH of the
water becomes too high, over 8-8.9. In such cazes ammonia may develop in the water
which is & direct figh poison attacking the nervous systeme The ammonia can be
ebsorbed between the mud particles and released by a sudden change of elr pressure
(#depression®) and can cause serious fish kills. It is interesting to note in this
connexion that catfishes are very sensitive to free ammonia in the water and they
die at 0.2-0.5 prm, while the ocarp will die only at 35 prm,

Quick 1ime used as fertilizer can cause damage to the fine timsue coating of the
gills resulting in death of the fishe It is therefore not adviessble to use more
than 300-400 kg quick lime or freghly sleked lime per hectare per application, the
s&feat limit however being 100-200 kg.

Quick 1ime and phoephate may react together preducing an insoluble compound of
oaleium phoephate &nd hence an interval of two weeks should be allowed betwesn the
applioation of phosphates and liming.

It is advisable to carry out manuring or fertilizing during the early hours of
the day. During day-time the major part of the digtributed materials will be used
and the equilibrium in the biological gystem of the pond, which gets somewhat upset
by mamaring or fertilizing, can get re=catabliched.

When & new method or new fertilizer is tried it should be done in a eingle pond
with the adequate precautions. On the baaia of the experience gained the method may
be extenled to other ponds.




30244 fesding of Cutivetes Pigh

3e2e401 Ganeral remarks on‘l.rti.ﬂ.om fosding of fishes: in ponds

Systematic feeding is essential for successtful ‘common carp oulture and Af the
pisoioulturiet wishes to Imve higher yields, the fiskies bave to be kept sdequately
feds The feed should be distributed properly every dey and suitadly checked whether
it is eaten Ty the fishe If food shortage is expected, arrangesents will have %0 be
made for providing food for at least maintenance., Sudden interruption of fesding is
harmful and henos it would be better to give mmaller rations over & longer period.

The gommon problems in artificial feeding of fish ared over=fesding) the feed
supplied is utilived by animals other than fishi the feed im not conmmed at all and
it yota at ths hottom af the pond) too axpensive fasdsp lesmser nutritive value of
the feed (than expeoted); and the feeding is not sdjusted in relation to the avei-
1abls natuml food amd with the fish stock.

- Recording of feeding datat the cquantity amd quality of feed distributed daily
in the ponde must be recorded separately for sach pond. This is not difficult as
the figures may change only bi=weekly or mouthly. It is important to record the I
price of feed alsoe The follwing proforma may be uoed for recording tha datat

Years
Pesd supplied
Dete Fond Nos Ford Ko Fond Nos
Day and month Faed Prioe Fesd Price Foel Prioe
(xg) (MeRss) (kg) (N.Rs.) (kg) (N.Rs.)

The quentity and price for ench month may be summed up and total made at the end
of the production period, From these yleld data the effectivensss of fesding and the
cost of production can be evaluated,

The fish famns should be pelf-supporting econcrzo units whioh produoe fish at a
price competitive with other sources or other anima!-products with similar matritive
value,

The first consideration in feeding is whether the opsration would be economio
and whether the yleld based on the ponds' natural food alone will cover the cost of
production and leave some profits

The fixed cosic in fieh oulture mre so high that they oan be oovered only by
high yields, The invested capital for comstructing the ponde, water supply arrenge-
ments, buildings, gears, cost of fertilizers, etcs,are almost the same whether the
fish are fed or notse Thers will be wome differense in lahour costs which are higher
when fish are fel, If food is available at a reasohable comt the increase in yield
due to feeding will result in a comparatively higher profit.

The traditional practioes of Chinese fish famers as well ag modern scientifio
findings show that highest yields at lowest costm oen be achieved by a mixed culture
of fish species with different food habitms By ocarefully manipulating the number and
sigze of each epecies stocked in mixed culture, the naturel food in the pondswill be
fullyutilized. Artifiolal feeding in suoh ponds can remlt in edditionel ylelds.
Food and fertilizers comprise a major componsnt of the production cost (abou‘t
A0=60 peroent) and thersfore this problem is congildered here in detail.




3u2eds Usilisation of the food eaten by the fish

The food esten by the Tish will be utilised after digestion and abeorption
gonerally in two wayss One part of the f0od serves t0 maintain the fish alive and
the other for growthe

If & tish geta food only to cover ita maintenance nesds it will mot grow, which
means that the food saten will not contribute to any inoreass in yield. If thw food
availeble does not cover the need for maintenance the fish will lose ite Wody weights
The early fry and small fingerlings have no reserves in their tissues and henoe afier
& Tew days of starvation thay ususlly die of hungere

The daily seount of the food for maintenance (maintenance food) is related ¢o
the surface of the fish body and not to the body weight} as for sxmmple, 10 fish of
welght 100 g each nesd far more food for maintensnce than 5 fish of 200 g each or one
of 1000 g welght.

The quantity of food required for maintensnce depends alse on the sotivity of
the fish, which is closely comnsoted with the tempersture of the enviromment. 1In
cold weters the aotivity of most fish species ¢low down considersbly and so the nesd
for food For maintanance deoressess

The rate of metabolism aml with that the rate of using maintenance energy,
changes uish the temperature in the “ocold-blooded" mmimalss For a rise in tempere-
ture by 10°C tha rate of metabolism may be doubled or even tripleds Thus, the
maintenance energy in & fish living in weter of 25°C will be doubled or tripled over
that at 15°Ce '

Available dats on the maintenance food of the common carp are given belowt

Maintenanoe food

* | Wesgnt of  Dasly retion ’:::m;::: requirement of 1 &

fish per fish &6 porueibage of of fish, without

(e (e fish ‘Mﬂﬁﬁw mz:rﬂ'l food
10 0.21 2.1 21.0
20 041 2405 205
50 0.95 1.9 19,0
™ 136 1.8 181
100 1T 1.7 170
200 246 Te3 13.0
300 14 113 1143
400 442 1.05 10.5
500 5«0 1.0 10,0
600 5e6 0+93 Qa3
700 6a2 0.88 8.8
800 6.0 0.85 8¢5
900 T4 0.82 8,2
1 000 840 0s8 840
)/ Tha food here is greins with & food quotient 4~4.5




The carp cen generslly utilise carbohydrates, fate and proteing for maintenance
purpeses. DBut if the carbohydretes are available in the food itemm they will be
utilised firat. Tho common carp canm never get pufficient carbohydrates from natural
food to cover maintepance needss In such cepes proteins will be used, which amounte
to equandering valuable food materials On the other hand the protelns avallable to
the fish in the natural food should be utilized for growth (increasing the body
weight)s It is therefore imperative that the oheaper carbohydrate feeds capable of
ocovering at leaat all the maintenance energy needs of the figh are supplied in the
fieh pond. That part of the food which remalna after covering the mainienance needs
will be utilized by the fish for inoreasing the body weight. So we can expect growth
of the fish only if they get more food than required for their maintenance.

While the common carp oan meet ites requirements of maintenance energy solely
with ocartohydrates, proteins are emsential for growths Certain emount of increass
in the body welight can be achieved by carboiydrates aleo ag the carbohydrates can be
turned into fats, but this process im better temmed as fattening than growthe

The protein sources for the oarp may be of mimal or plant origine The proteina
of animal origin comtain all the necessary mmino~acide needed to build fish flesh
asnd other body tissuess The proteine of plant origin may lack some esoential amino-
acide and therefore they cannot entirely cover the emerzy nseds of the common carp.
Exporimenta)l observationa have clearly indicated thet in order to ensure sdeqate
growth, about 20 percent of the diet of the carp should be proteins of animal origine

If the growth of fish in fast encugh due to availability of sufficient quantity
of food in the pond, the peried of preduction will be comparatively short emd the
production belance will bs in favour of the part of food serving growth. Because the
food eaten for maintenance does not cause any measurable change in the body weight of
the fish, ohe can e¢asily imagine the adverse effect of food shortage in the pond
during the growing period. Therefore the population density muet be regulated
acoording to the aveilable food (both matural and artificial) in the pend, by
harveating those fish which have reached marketable size.

3:245 Growth of Common Carp ®

3424501 Genersl remarks on growth

It ip necepsary that a cultured fish should be fast growing. ©Slow growing
species and thope which get stunted but attain sexual maturity as “dwarfe under
crowded conmditions are gemerally no suitable for cultivation.

The growth rates of different strains of the ocommon carp show wide variations.
Fagt growth ooours only if the environmental characters are satisfactory and suffi-
olent food is availables The absolute growth of a fast growing strain is also
determined by different faotors like age and size, sex anl condition of development
of the gonads, andi last but not least, the state of healths The growth of an older
fieh is slower than of & younger one. A bigger fish up to a certain limit has a
greater food capacity and mey grow fesbter than a emall one, Attainment of sexual
maturity slows down the growth in most cages armd the surplus of the food intake will
gerve for the development of the gonadms It is known that the male carp grows slower
than the females A fish infected by disease or one in bad health loses iis appetite
which naturally affects the growth rete. Under comditiocns of low temperature the
o8rp may lose its appetite repulting in retardation or even cemsation of growthe low
oxygen concentrations (0,5-0.,8 ppm) may 2lso adversely influence the appetite of the
CAYPe




'I'ha growth of a fish is genarally expreaned as the increaase in weight during a
given periods Other methods of expressing growth are:

i. the time required for doubling of the actual body weight,
il. daily inorease of the body weight within a given time, and
iii. the daily inocreage of body weight ae a percentage of the actual weight.

The doubling of the body weight and the daily growth as percentage of the body
weight are ologely inter-relaied, a3 will be meen from the table given belows

Dally growth as percent Fumber of days required |,
of the actual for doubling the
body weight initial body weight

1 T0
2 35

3 24

4 18
5 15
6 12
T* 10
8% 9
9* 8

10 % T

15 b

20 * 3.9

o 2.6

40 * 240

* puch rapid growth can ocour only in cage of fxy and Tingerlings

324502 Growth of common carp during the early stages

The growth of the carp fry after haiching is rether rapid, as indicated below:

Iive weight of a carp after hatchingt 00,0026 g
Live weight when gtarting to feeds 0.0025 ¢
Live weight 15 days after hatchingt  0,0845 g

The above data obtained under laboratory conditions show a daily imcresse of
weight by 20-40 percents Under natural conditions the growth rate will be much
fapter.

Such very fapt growth rates ocour only becaunse the gut capacity of the {ry as
compared to its btody, ie rather high. This retio lessens with increasing weight of
the fishe Thus the time for doubling of the weight will be longer when the fish
grous bigger. The most important requirement for maintazining the growth rate during
the early age of the figh is presence of appropriate denaity of food material. The
fry can find amd catch only those food items which it cen see and cameot search for
thems Such 2 habit requirees the rresence of & high density of food itemss During
its period of 1ife the carp ip capable of eating ocontimuoualy. The daily memu of a

=12 days old carp fry ie an average of 200-400 Cyclops or Diaptomugs

The bapvic food material required for the growth of the fry is animal protein,
which is obiained from small planktonic animalpe This food can be partly mubstituted
with animal protein-rich artificlal feed. Within 20~25 days the carp fry can achieve
1 g weight, presuming the ad libitum (without limit) feading conditioms. In order to

_preduce guch comditions for the fry, proper mamuring and fertilizing are important
and artificlel feeding ip also of secondary importance.
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In & commercial fish farm in Nepal it is desireble to ensure thet the common

young oaxp grows to 20=50 g within 60-80 dayse.

Je2e503

Ths daily inorease in body weight and the doubling time lessen correspondingly
with the growth of the figh. A 0.,0025 g starting weight of the carp fry phall double
about 9 times to hecome 1 g« A fingerling of 1 g weight will be of 16 g after
4 doublingss Two more doublings will be mecessary to increase the weight %o 64 ge
A total of 9 doublings of weight &re needed for a carp of 1 g to become 512 g which
is the general marketable pize.

Growth of common carp during advanced stages
The teble below indicates the minimum and desireble growth rates of common carp

of different weighta:

Weight | Desirable daily Period (in daye) for achievement of
increages inorease in
frometo 1ght
) b‘(gr;:_nﬁ Maximum wedght Degirable weight
0,025-1 T=20 45 30
- 10 4-8 60 30
10~ 50 3-6 60-65 30
50-100 Te5=3- 50-70 20-30
100=200 1=-2 T0 . 30=35
200400 =15 TO 35-50
400-800 048-122 90 50-65
Total days 435-470 225=2T0

The teble below phows the increase in body weight of common carp in spane of 10

and 15 days when the daily growth is 1 percent and 2 percent:

Weight (g) [motal . Velght (&) |motel

Date |Month Date | Month
IR % ae 2% | dee i kataid rrer-angveran R
51'3.1 50,0 50.0 1] 10 134.0  370.0 | 100
15 140.8  409.1 | 105
:g 1 ??si 23';1 }2 20 | * |80 4517|110
20 612 76:5 % || 3° 163.5  550.6 | 120
30 67.6 93| 30 || 4o w1 6112 | 130
'3 il 1) o | 2| s (200 gl | w
0 | 2 |35 138a| 0 |} 2227  997.4 | 150
30 91,2 68,7 | 60 H .o 2567 1 19405 | 160
I - I | B B e e
20 3 lt10.9 249.3 | 8o || 3° 313.2 1 738.5 | 180
30 1213 3040 | 90 {l .o 24622 190
30 424.0 210
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3246 ed Common_Ca

3.20601 . General remarics

There are four main types of operatiomas concerned with feeding of the common
oarps :

i. The fish ie not provided with any artificial feed and ite maintenance and
growih depend entirely on natural food {extensive pond managemeant)

i1i. The fish gets some artificial feed, zbout 1 to 1.5 percent of the body
weight per day, for maintenance needs and the food for growth is derived
from natural sources.

iii. The fish gets about 3-4 percent of its actuel body weight of ertifiocial feed
(moatly carbohydrate-rich food grains) daily and since this is more then the
maintenance need, a part of it is used for growths However, here also the

naturel food bas an important and indispenssble role (about half of the food

required for growth is derived frum natural sources).

ive The fish gels balanced food containing about 30-40 percent protein of which
20 percent is of animal origin, several times 2 day. Thus the maintenance
and growth depends entirely on intensive feeding. Very little natural food
is present in the daily diet of the carp, as this type of culture is
practiised in emall end intenaively etocked ponds provided with running water.

The population density {stocking rate) for each of the above mentioned type of
management will be different. In the first category the stocking rate depends on the
notural food sources, which of course can be increased by fertilizing and manuring.
The rate can be twice in the second type and three or four timea in the thind type
assuming that the productivity levels of the ponds are more or lees similar.

In subiropical countries like Nepal, since food grains are rather expensive and
usually needed for hmman congumption, only by-products, wastes and spoiled graine cen
generally be chogen as figh feedse If food grains are available at an acceptable
price, it has to be considered whether wsing them ag fish feed will be economical,

To find out the profitability of feeding with food graina it is necessary to know
their food quotienta from which the cost benefit ratio may be calonlated.

Exemplet If the food quotient of a food item is 4.5, the price of 4.5 kg food
together with traneport and distribution costs and 10=-20 percent of the total
costs as extras should be less than the selling price of 1 kg fish. The diffe-
rence between the two values will be the profit.

If the feeding iz intended only to provide the maintenance food of the fish
stock present in the pond, the calculation of the cost benefit retio can be more
liberel. This type of feeding provides indirect benefits which cannot be oalculated
beforehand, emch ae the value of natural protein food saved for growth, better
exploitation of the natural food by a denser fish population, etc.

Too denge population of fish without feeding will result in very poor growth as
the fish will uge the natural food which is rich in proteins only for maintenance.
At the pame {ime if high-carbohyirate feeds are added without fertilizing or mamuring,
the utilization of the artificial feed will be unbalanced as the stock will not get
gufficient natural food.




The common carp is capable of growing up t0 1 to0 1.5 kg within 150-200 days if
naturel and artificial food is available in adequate quantity, The stock mues,
howsver, be thin. On the othor hamd, if the growth of ths siock ie toc alow due to
inadsquate management practioss the yleld camnmot be insressed by extending the
production perieds On the contrery the yleld may deoresss under such circumstancess
Optimun yields oan be sxpeoted with & medium growth rets which does not exosed
1=1s5 percent of the body weight per day.

34246,2 Artificial feeds of common oATD

The axpression "artificial feed" is rTather deceptive anm 4t 1s not meant 4o
include only man-made items like pelleted feods. The term ardificisl feed includes
in genoral all foodetuffe whioh are given to the fish o promote and ocomtrituty 4o
growth in a direot ways (The fertilizing and mamuring proossses slso wean & promo—
tion of the growth of the figh but in an indireot weys)

Since the common carp is an omnivorous fish the artificial fesdm may be w
variety of items like food grains, mill sweepings, bren, distill wasten, fine
pulp of clover, lucerne or tender grass, cocked or ensiled potsto (potato ensilags),
fish, cadaver meal, etce The fish eat spoilesd food greins and other foodetuffs.

The various artificial fesd itema of carp oan be olassified cn the basis of
their origin, or on the basia of their protein contents

5: Feeds of plant origing
i. Food greins
ii. Tubers and roots

iii. By-products and wamtes of the agriculturel indueiry (n:;luul. bren, mill
ewesps, pulp of fermentsd greins, tubers, sto.)

ive Extracted oilseeds (oilcakes)
ve Remains of grain cleaning (riddls wastes)
vi. Fulp of green plants,

Feeds of animal origing
i+ Meat meal, blood meal, fish mesl, etc.

i1. Dried bestles, silkworm pupas, dried gresshoppers, termitss, eArth wome,
oto.

iii. Cooked meat of mollusos .
ive WKinoed froge, tadpoles, snakes, etoe (mowtly mixed with food=grain flour).

The food values of the different items depend on their ohamiocsl composition ss
shown in the tables belows




. : - . _ . m“'tibl. _... w. ..... m—————— = S . mm1u.
Dry watter | Staroh Fiore | Ash | Mooca o

e protein | Ty f;; %) | (9 | qotient l;?::nin

87T - T | 6040 | A4S 21| 143 4=45 1812:5

87 90 650 | 19 | 1e9 4405 | 199.7

81 7.0 20.0 241 a5 244 4«5 1812:.5

87 Te3 48,0 | 4od4 | 8Be7 - Com2

87 1646 400 | 19 | 43 oooked 115.2

07 1140 4440 149 5¢8] 30| 205=35 18501

White lz-ylﬂ-n' 871 23.5 28,0 Ted 12¢3 | 340 | 2e5=340 1837

L ekt | 335 16 {300 | 001 | 18| 10 1215 |

| heat bren 87 1040 20,0 | 4e6 | 10a1 4:5=T 14807

‘ Ridile wastage 87 12,0 240 | 6.5 | e 61 172

| | Condemned flour 87 12,0 70,0 349 2.5 425=6 13702

Caator oiloake 90 26,0 40 | 1.0 {330 45 113.4
Soybean (Onina) 9040 29.9 25.0 | 1844 408 | 560
Rice (bmkon) 88,6 Te5 799 0 ) 0e2]| 0.5
et 91,0 165 | 2.7 | 1903 | 199] 403
Rk O 2504 13 [ 227 | 01 | 0.8 005
_""::;“(g;) 8948 6 | 411 | 1ar | Tet] 180
” mm) 905 6e2 ING | 2.7 331 | 10,7
” : m‘(,;l:::.)‘ 89,0 137 370 179 6.8 | 13,6
Boybean otke 8949 40,9 357 35 403 | 545
Rice meal 890 143 4403 | 1107 ] 1249| 648

74 l"o:: g::lmt dmotes the quantity of food in kg 4% wild be mosasary to produce

g/ Cooked or hngntd




-Anjmal preduote

FI? od items . . ny (:;.)tf.r Orudo_(ﬁi\:tlin Oa.rbol&lilmtu Onlz;) fat .?;l)a

Fiah fresh (trash) 2840 142 - 145 10,7
Fish meal 87.0 61.0 15 345 2140
Blood meal 86,0 81.0 15 0.8 2.7
Silkworm pupas (fresl 35.4 191 243 12.8 12
Silkworm pupas @ried| 90.0 5549 646 2445 149
River anail (whola) 63¢2 561 2,0 0.7 5448
River anail (fiesh) 21.6 12,2 443 144 3.7
Maspele (fresiwmter) 2044 18.4 0.8 "1.2
Dried ghrimps (emall) 82.8 555 444 " 545 17.6
| Cammarus (dried) 85+9 247 540 3446
Aquatic worme 18.9 8.6 4e4 14
Loouste (fresh) 341 2545 1.4 2.0 2.2
Chironomide {freeh) 1641 %1 13.6 Tod

A1l feedn of animal origin are rich in protein contents

Weight of one Hater Caloric value | Nitrogen
Orgeniem specimen (mg) %) of 1 mg content
fregh | aried (ary weight) (%)
Daphnia pulex 00343] 0032 | 9067 3.98 9.29
Daphnia magna 0.,36 | 3.50 Te14
Diaptomus eps 0.14 | 0,018 | B87.4 8.3
Diaptoms eps 0409 | 0.011 | 8742 44563 2446
Tubifex ep. 3.58 | 0s72 [ 7949 4:19 8.63
tumbrioulus variegutus | 1138 | 1.73 | 84456 419 8,80
M m 26430 5!14 1182 2.86 T:26
m M 40.11 5215 37024 390 B¢47
Chisonomus plumosus  |21.72 | 2455 |88.3 4469 9,06
mm M 9.44 1,24 8,16 444 8.92
Qorethre plusicornis 3.61 | 0.43 |88.88 3.9 10.73
Glocon dipterum 3454 | 0:69 | 80450 451 2347




302643 Food capacity of the common carp and the "golden rules" for carp feeding

The emount of food taken daily bty o carp depends on its actusl food caupacity as
well as ths mpsed of digestion. The food capacity is detemined by the size of the
fore part of the gut. The oarp and allied fishas have no stomach (mew), i.e., after
the short oesophagun the intestine follows immediately. (The first pert of the
intestine ip enlarged aml looks like a primitive stomach, btut no acidic reaction as
in the real stomach is obuerved hers.)

The relative capacity of the gut of & smaller size fish ia considersbly greater
than of & bigger one and henoe the early fry and fingerlings are able to take moxe
food as compared to ite body weight, than the adults. The capaoity of the gut oan
He enlarged artifioially by giving the advanced fingerlings bulky food items liks
flour, crushed greins, bran, oilctkes, eto,

The speed of digestion depends on the temperature of the water and the physiolow
gical condition of the fishs At higher temperatures (over 20=25C) the speed of
digeation is rether high and so ap adult carp can renew the gut contents 3 or 4
tines in & day. At the fry stage the time interval between the ingestion and excre-
tion procesmes i very short anmd hence the gut contents can be renewed very often

during the day.

At lower temperatures the digestion process slows down and around 10b1s°c the
axt contents are renswed only once & deye The sffectiveness of the digestive
ferments (enzymes) 1o elsc more at higher temperatures. Idkewiss the peristaliic
movement of the gut is alec faster at higher tenperatures, which meana that the
enzymes in the gut oen aot on the food only for a short time. However, it may eo
happen that a rezsonable part of the artificial feed (eaten hurriedly and poorly
chewed) remains undigested and therefore pertly wasted. However, other fishes may
eat the excreta of high mutritive value and thus the wastage in .6 densely populated
pond where mixed oulture is in progress will be very little,

Teking the above faots into consideration the following "golden rules" for fish
feeding practices mey be followedt

i+ At higher temperatures {above 20-2208) more food can be offered than at
lower tempsratures. . .

iis The dail;; fesding programme may be 5.6 times for fry amd 3-4 timea for
fingerlinge using emall quantities oash time with a view to supplying food
continmously.

iii. In oxder to achieve better chewing and proper digeation, sosked food greins
only may bo eupplied to the fish.

ive If the daily food supply for bigger fish is above 34 peroent of the body
welght, it would be advipable to offer the feed two times a day, prodwcing
in this vay a sound compatition At the feeding plscen, v

ve The carp can swallow milled or orushed food immedintely, whereas the soaked
full greine will be coneumed only efter chewinge It is therefore advieable
to offer soaked full grains to those fish which can chew them. Carp of
40-50 g ard above 100 g cen chew full barley or wheat, and full grain maise
respectively.

vi. When finely milled or crushed food ie given without soeking, some of the
fine particles will get drifted away in the water and thereby lost es foode
Thig fact must be taken into oconsideration if one wants to spare the soaking.




vil. The oarp generally gets acoustomed to feeding times and hence the feeding
aschedules worked out mey be followed atrictly.

viti, If the food eupplied is eaten within =4 hours, the food retio may be congi=
dered as adequates

ix. Care must be taken in every respect to avoid wastage aml gain the beat
posnible benefit from the feed offereds Oertain feeding places in the pond
may not be favoured by the fish amd undor puch conditions the aotual feeding
gpot may be shifted to enother aide.

Je2:6.4 Preparation of food

Thera are four different methoda of food preparations

i. Mechanical preparations (milling, crushing, grimling, ohopping, pulping, otoe)

A1l meohanical preparations make the food easier to chew and swallows However,
crushing or grinding of the food is not neceseary in all cases and it can sometimes
even be disadvantageouse A bigger fish cannot take in mmall particles of milled food
which float in the water, in which cagse it would be advieable ito moke & dough by
kneading with waters Further, the water diesolves more mutriente froa milled or
crushed food than from whole grains so that if not eaten immediately, its food value
will be reduced. Another disadvantage ia that the emaller wild fish can emsily eat
_the amall food partioles amd pince they mey eppear immediately et the feeding place,
will eat most of the feed oupplied.

The necessity for mechanical preparstion, therefore, dependa on ths smize of fieh
t0 be fad.

Grase and other plant materials mre best prepared by chopping or pulping. The
common carp eats finely chopped or pulped plant materialsy especially the olover and
lucerne {(in Burope) and can digest and utilize them effeotively. The cultivated cat=-
fish Pangasius eats chopped plante mixed with rice bran or meal of other greins.
Common carp fingerlings oan be fed with finely ground or pulped clover or leaf of
lucerne mixed with equal cquantity of flour.

iie Sosking

Soeking is the moat important method for preparation of food for the common carpe
As indicated earlier it ia edvantageous to soak even the orushed cr milled food before
supply in the porde In werm water ponds the carp consumes the grein immediately and
henos presstking is always adviseble.

Containere made of wood, brick with cement plastering or concrete are generally
wed for sosking the food. In bigger fexmm the conteiners are kept very near the
ponds in order to facilitate easy distributions In some farms "feeding boats" are
used for soaking and distrilmting the food.

The general organization of the work may be &s followss The feeding programme
may be sterted early in the moming and after emptying the container fresh food may
be kept soaked with adequate quentity of water.

iii. Cooking or steaming

Thie is an expensive method of preparation in view of the fuel conswmed and work
involved. However, for some food items like pe2s, beans, potato, eggs, elce, thisa
type of preparation ie unavoidables For feeding fingerlings, supply of cooked food 18
is often advisables




iv. thar pat

The sdvantages of aixing the food with other mbstances are many. In some onme
the ains will be only pelatability, but in other ocases it would dDe necessry to
oomplete the mutritive requirement. MNaintenanoe of sdequate protein:oarbohydrate
atio i essential in the case of fry, fingerlings and brood fishs In some cases the
food mixed with minerale {lime) or yellow olay helps to prevent cocurrence of body
defeots like ostecmalacia: In earlier years milled food used to te mixed with
56 peroent yellow clay in order to keep together the Zfine partioles, to provide
moessery oaloium for the development of bones, and t0 achieve Detter digestidilivy.
It would be very wuch adviesble to adopt this prectics for the feeding of fingerlings
with flour or other finely milled food materials: The alay used must be pulverised
and mixed with the flour in the dry atage, 1.esy before & dough is made,

3:02:605 Quantity of food to be given

If the actual mumber of carps presant in the pond is mot correctly estimated,
the time required for consumption of ths food gupplied at specific feeding places in
the pond will give approximate indication of ths quantity of food to be added, If
the fish consume the food within 1 hour, it would mean thnt about 1 percent of the
sotual totel body weight was supplied, covering enly the maintenance neads Two to
three percent of ths btody weight is generally consumed within j=4 hours, and 4=-5 pere
ot within 6-8 hourse 7o provide an aid to determine the daily food requirements,
the following table may be used:

Average
body weight Quantity of food for 1-%00 oarps (kg)

Toeniage 1 145 2 2.5 3 3.5 4 5
50 0.50 | 0.75 1.00 1025 |  1.50 1,75 2,00 2.50
55 0,55 | 0483 1610 1635 | | 1465 1293 | 2,20 { 2.75
60 0,60 0«90 1+20 1+50 } 1480 2410 240 3.00
65 0665 | 0,98 | .30 | 165 |[ 1095 | 228 | 2460 | 3.25
170 0.70 | 1.05 1440 1675 |1 2090 | 2045 | 2480 | 3450
75 0.5 113 1450 1.89 I' 2425 2,63 3.00 375
30 0:80 | 1.20 1560 | 2,00 |’ 2440 | 2,80 | 3400 | 4400
8s 0685 | 1428 | 1,70 | 213 || 2,55 | 2498 | 3.40 | 4425
90 0,90 | 1.35 | 1.80 | 2.25. | 2.70 | 3.5 | 8.60 | 4.50
95 0:95 | 1043 | 1090 | 2.38 | 285 | 3.33 | 3.80 | 4475

100 100 | 1250 | 2400 | 2450 | 3.00 | 3450 | 4400 | 5.00
110 1010 | 1485 2420 2,75 | 3420 3485 440 5¢50
120 1020 | 1480 | 2440 | 3460 | 3460 | 4420 | 4480 | 6400
130 130 | 1495 2460 3e5 390 4455 5420 6450
140 1040 | 2,10 | 2,80 | 3¢50 | 420 | 4490 | 5460 | 7400




Quantity of feed red (in kg) for 1 000 carps, on the basis of percentage of the
sotusl body weight (oontinued)

Terege
body weight Mlvofﬁﬁﬁl“lmm(w

_'ﬁmﬁ“ ety 1 5 2 25 3 35 4 5
150 1450 2429 3,00 375 4450 5«25 6,00 Te50
160 1.60 | 2.40 .20 4.00 4.80 5.60 Ged0 8.00
170 1.70 2.5% | .40 4425 510 5.0% 6.80 8.50
180 1.80 270 3.60 4+50 540 630 T+20 9.00
190 1290 | 2.85 3.80 4:75 570 6.65 7+60 9.50
200 2400 3400 4400 500 6400 Te00 8.00 10,00
220 2+20 3.3 4440 5+50 6.60 770 8.80 11,00
240 2,40 | 3,60 4.80 6,00 Te20 8.40 9.60 | 12.00
260 2,60 390 520 6.50 T80 9. 10 10.40 13.00
280 2,80 4.20 5460 T7+00 8.40 9.90 11.20 14,00
300 3.00 4.50 6400 Ta50 9,00 1050 12,00 15.00

320 .20 4.80 6440 8.00 9.60 11.20 12,80 16.00
3.40 410 64080 8.50 10.20 1190 13,60 17.00
3.60 5:40 T.20 9.00 10,80 12,60 14.40 18.00
380 570 T.60 950 11:40 13:30 15+20 19.00
4.00 | 6.00 8400 | 10,00 | 12,00 | 14,00 | 16.00 | 20,00
4.20 6420 8.40 10.50 12.60 14.70 16,80 21,00
4440 6460 8.80 11,00 13.20 15440 17.60 22,00
4460 6490 9.20 11.50 13.80 15.10 18.40 23,00
4.80 T=10 9.60 12,00 . 1440 16.80 19.20 24,00
5400 T+50 10,00 12,50 15400 1750 20,00 25.00
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3024646 Feeding mathode

Throwing the food haphasapily in a fish pond may result in the lous of a good
part of the food in the mud unless the pond is very small, the stock is orowded and
the fish ore very bungrys The best practice would be to provide the feod in fixed
feeding placess For preduciion ponde, }-4 feeding places per heotare would merve the
parpone,

Peading places mey be chosen in the interior of the pond if a boat is available,
Othurwise the places may be near the shore, the main oriteria for seleotion of the

mte being that the region should not have soft mud, and the waser depth may range
betwean 0.6 to 1 m,

At the initial stage of the feeding programe it would be advisable to usee
fesding traye which may be made of earthen plates with brim, or of split bamboo or
wooden planks. Use of such trays facilitate checking the aotual consumption of the
foode Subsequently when the figh get used to it feeding trays may not be necessary.




It 40 preferable to give the food to fry and fingerlinge in trays in order to
avoid wastage.

3¢24647  Carp rearing with balanced faod

de2e7

3-2.8

It would bes worthwhile to considar the special common carp rearing methed
developed in Japan, where the ponds are built along the eide or close to atreems,
with an anmple supply of olgan running water the wihdole year round., The ponds are
amoll, esoh mbout 30-100 m“ sand reotangular or triangular in shepes The bottom of
the pond is mmooth and sloping towerd the outlet structure and is ususlly cementasd
md paved with smal) rounded pebblen. Ths sides of the pond are generally paved with
stonen: The inlet and outlet are designed to allow sfficient control of water flow
from the stress through the pond.

A pond of 50 u? ares and 1.8 1 depth may be atocked with as many as 10 000 finger-
lings of common carp, esoh welghing alwut 75 g In one growing ceason of about
T months a total harvest of ebout 8 200 kg of fich can be expanted with a net yield
of 7 500 kg, the quantity of feed used being 30 000 kg The food quotient thus works
out to 440 Peoding ia done 12 to 18 times a day from 05.00 hours to as late as
22400 hours, depemding on the tempercoture of water and sisze of the fish. The details
of feeding are shown balow:

Firat pericd (100 days): lheat meal - 500 kg
Freash silkworm pupae - 6 100 kg
Earthworme = 10 000 kg

econd period daye)t Fresh silkwomm pupas — 7T 000 kg

Third pericd (70 daye)t Fresh silkwom pupae ~ 7 000 kg

The amount of the food supplied per day is about 7 percent of the actual body
weight.

In Euyope also axperiments on feeding the ocarp with balanced food have been
undertaken using & food mixture containing about 30=40 percent proteins of which
20 pexcent is of animal origine The daily ration given is gbout 6.5-7 pervent of the
body weight, as pelleted feed distributed several times a day or offered in velf-
fesdern.

Faed of (raegs C

The gramss oarp han & high level food capacity. An adult grass carp can devour '
svery day gress amounting to about 1520 percent or more of ite body welght, In
China the fish farmer ususlly gives fodder sufficient to last for about an hour, and
the feeding i done 2 times a days The food is nomally placed on & floating enclo~
sure made of three or four bamboo poles.

The grass carp excreta are often consumed by other oarps directly as foods On
the othar hand the graes ocarp can eat the food graine given for the common carp, but
it does not utilize it well,

Caloulating Food Utilization

The fish yield from & pond im derived from two components; the natural yield and
the food yield. The former is from natural food and the letter from artificial feeds,




An example of food yield caloulation is ghown belows

i

Equivalent fish wte.
Food &“3’“" quf‘;gflm (food yield)
(kg)
Maize 1 200 445 1;5-%2 267
Wheat flour 600 5 Qg.fl - 120
Rice bran 1 5000 T ]—Tﬂ = 214
Mustard oiloske 500 6 %2 - 83
Total 3 800 664

If the total yieid. from the pond is 1 470 kg fish and the food yield as shown
above is 664 kg, the natural yield will work out to 1 470 ~ 664 = 806 ige

The pyoportion between the ftwo yieldsy viz., 45155 is attractive; especielly
where intensive feeding has been practisced.

The reletive feeding cosfficient is calculated by dividing the total amount of
Tood given in the pomd by the yield.

faking the above cited examples

Hﬂﬂ_?g_ = 2,56 = the relative feeding coefficient

Usually the relative feeding coefficient is sbout 2 if high value food (lece,
food with low food quotient) is used.

The efficiency of the feeding practices adopted hag to be verified after each

growth checke The following example will illuastrate this points
_ Weight after reducing 5%
No. of fish for gut content
sampl ed Av. weight of
Total weight one figh
(xg)
()
Initial growth check 84 1265 145
After 15 days 64 1175 178

Therefore the growth in 15 days = (178-145) = 33 g, i.e., shout 22 percent
Growth in one daar =33 4 15 = 2.2 P>1) i-e., gbont 1.47 percent
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3.2.10

- 67 -

Teking that 6§ 000 fish were stocked and allowing for & 10 percent loes, the
eatimated population in the pond will be 5 400« Then at the firat growth check there
were 145 X 5 400 = T80 kg (approx.) and at the second growth check 178 x 5 400 = 960kg
(approxs) of carp in the pond. The total growth thus was 360 — T80 « 180 kge

It 420 kg of food (300 kg maize and 120 kg mustard oilceke) were wsed,
420 4 180 = 2,3, which means that 2.3 kg food contributed to produce 1 kg fishs This
18 a satigfactory position.

However, if 785 kg of food {450 kg maize and 325 kg mustamd oilcake) were used
785 & 190 = 4415, which value is too highe Suchacondition would need investigation
as indjcated earlier.

Harvesting !cmmigg[

Cropping of & pond may be either partial or total (complete}s Partial cropping
i1s a part of the stock manipulation technique in which the marketable size fish are
removed from the pond to provide larger living epasce and neturel food for those left
behind.

When the fish stock or part of it becomes ready for marketing, the cropping
should be commenced without delay.

When the ponds in question are drainsble, the modern practice is to crop the fish
entirely by discharging the water. ’

In countries where carp culture is highly developed, the cropping operations are
completed as quickly aspoesible. I% is always & risk to leave the crop in 2 half-
drained pond vhere enemies can decimate the crop amd the temptation for etealing ie
very great. During the draining process the fish become reetless, they do not toke
food, and lope weight. Therefore if the cropping is done piecemesl, loeses are
inevitable.

When harvesting a big pond the rate of water discharge must be adjusted in rels-
tion to the magnitude of catching and transporte Netting is rather difficult in
deaper waters, tut in very shallow ponds the life of the fish may be endangered.

After netting, the haul must be taken to fresh water till released into & storage ponl.

During winter season the cropping operation cam exteml for the whole day, as the
water temperature would be low emough mot to hamm the fish. But when the tempereture
is rether high it would be advigable %o start the cxopping during the early moming
hours and suspend the operation during the hottest hours of the day.

Recoxding of Cropping Deta

After cropping & pond the effectiveness of the culture programme must de
precisely eveluated and conclusions drawn in order to achieve better production in
future.

After evaluating the data the yield should be calculated per hectares From the
production time in daye the increase in growth of fish per hectare per day can be
calculated. .

From the mumber of each species of fish stocked amd the number ocropped the loes
can be calculated which may be expressed on per hectare bhasis and also as percentage
of the total stocked fish.
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Tt is advisable to tabulate the data under the following headingas (1) Fond
mmber, (2) Pord area, (3) Date of etocking, (4) Number of etocked fish {separately
by species), (5) Weight of the stocked fiesh {aepamtaly specien), {6} Stock
corrections (if any), (7) Stocked mumber per hectare, (8) Cropping date, (9) Number
of oropped Tish (separstely by species), ?:0) Weight of the cropped fish {separately
by speoies), {11} Loes in percentage, (12) Yield, {13) Yield per hectare,

(14) Production period in days, {15) Yield per hectare per day, (16) Fertilizer
applied, (17) Value of the fertilizer in N.Rs., (18) Mamure, (19) Velue of the
mamure, (20) Total food, (21) Value of the food in NeRsa, Iza) The relative food
quotient, (23) The relative food quotient value in N.Rs., (24) The relative ferti=-
lizer amd manure quotient value in NeRes, (25) The relative fertilizer, and mearmre
and food quotient value in NeRse These dala can be obtained by adding the coste of
fertilizera, manures anl faed and dividing the sum by the weight of the yleld.

Sto and Trangport of Fish

3.2.11.1 S‘tOIEgB pords

Storage ponds in which the live fish are stered hefore marketing are necessary
in all commercial fish fams. In view of the high density of fish in such ponds it is
always necessary to provide them with contimuous water supplye One %on of common
carp will need a water supply of 1 1 per second during winier season and 3-4 1 per
pecond during summer seaaon.

A tygical atosing pond under conditions occurring in Nepal may not exceed
400=500 m= (in 1 m° water 10=-50 kg of fish can be stored if continuous water supply ie
provided)s The pond may be constrcted with brick walls and shouwld be easily
drainsble. The storing ponda should be well guarded against theft and for this
purpose mey be located at the centre of the farmse The ponds should be eamily accee
aible by vehicles in order to facilitate easy loading.

The storage ponde, when not in use for holding the cropped fish, can be used for
breeding or as nursery ponde taking necessary precautions to avold parasites aml
digeaaen.

3241142 Storing live figh

During storage the fish do not usmally get any food, which will lead to regular
losa of weight. Hence they should be marketed as quickly as possible. If cheap food
is readily available feeding may be done in the storage pond up to maintenance level.
However, in view of the c¢crowded conditions the utilization of the food will be very
pooYe

3e26711a3 Iive fish transport within the famm

Fish have to be tranasported alive between the porda for stocking or to the
storege ponds after cropping, When they are carried in bucketa sufficient quentity of
water should be available to keep them alives. Greaternumber of fishcan be tranaported
in hammocka as the fish thus carried may not be injured as may happen in bucketss The
water in which the fish is kept should be clean amd cool, aml a fresh supply of water
will have t0 be used for each consignment.

In order to transport large quantities of fish, as it is the ocazee during cropping,
1t would be advisable to use a motor transport or builock cart provided with a
taypaulin fixed in the loading area of the vehicle in the shape of a pool and in which
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mufficient water can ba oarried. If the sun is very hot the "pool™ should be shaded.
Afder transporting the fish, the tarpaulin should be washed, carefully dried ami kept
hung in the store.

Je2e11e4 Trangporting fish to the market

Carp is often wold alive in tha market: Tt may ba advantageons to tranaport live
fish frosi the Tersai fams to Katlmandu. BSuch trensport would be possibla if the
nacessary equipments are made available.

Aboud 500=1 000 kg of live oarps oan be trensporied in 1V " water, provided
serabion is possible using & compressor; or the water iskept in oontimuwous olrculation
with the aid of » mall pump, or oxygen ie Duddbled into +he waisrs WVhen Sramporting
live fish care must b daken to ses thmt thes watsr tamperaturs does not inorease
eppreciaclys If she trensportation period ie lopg, the watsr should be ohanged at
least partially during intervals. Only conditionsd fish, isoey thome in whioch the
gats are wmpty may be ‘tremsported j= the live cordition.

When dead, the fish lose weight as tha rate of atout 2-3 percent during half a
days During transport the dead fish should be kept ocool in order to avoid spoilage.
The containers used (baskets, boxes, etcs) may be 1ined with fresh green leaves, long
wat gress, etce, in oxder to kesp the temperature as low as possidble.




4

4.2

4. PROPAGATION OF CULTIVATED FISHES

SEXUAL MATURITY

The smaller fish species generally become ripe earlier than the bigger ones.
The watw Mater fish mature earlier than the tespsrate species and also eariier than
watw water spsoies in colder waters, In some species, the ssxual maturity is
correlated with & given body sise shile others mature regardless of their sizs and
sometimes even when stunted, The latter ones are not st sll desiradle in ponde
shere oarps are oultivated, The common oarp females beocome sexually ssture in the.
fourth year in Burope and in the third year (sometimes svan in the second yesr)
under subtropioal or tropioal oonditions, The males become ripe usually one year
sarlier than the femsales,

It ie slways desirsble to use well-grown, healthy, well-proportioned and care-
fully selected fish for breeding purposes. Best resulis msy bs expeoted from common
oarp females weighing sbout 4-5 kg snd males of 2-3 kg, all of which are 3=4 years
old. This io the oass with herbivorous oarpa like grass carp, silver carp and
bighesd aleo whioh have & certain degres of correlation beiwaen the body size and
sexual maturity. Theybecome mexually wature at 3-5 kg weight when about 34 years
old,

SPAWKING PERTOD

The spawning ssagon varies considerably among the different cultivated fishes
and depends on both internal end sxternal factors. The associated internal factors
relate to genetio characteristios, genersl body ocondition, development stage of the
gonads, the hormone system, etc., and the sxternal ones to water temperature, light
and other climatio conditions, Both thess types of factors sre closely interrelaied.

Since the climatic conditions in a given area are approximately the same year
after ysar, the spawming ocours at about the same peason. Since the main deoiding
factor for the spawning time im the temperature (which reacts as well on the sur-
rowndings) a correlation has been found in Europe between the spawming time of
different fish species and the bloseoming of trees, The ripening of the gonads is
a long process with different stages which muet proceed gradually, So the time
fastor ie important, If' the brood fish are kept in poor condition and do not get
protein.rich diet, the development of gonsds will be delayed and the "resdiness for
spawing® becomes postponed or may even fail to ooour, The growth of the mass of
the egge oocours {in the oarp) during the first stages of egg development, At that
time the female brood fish need proteinerich diet, The most common cause for the
failure of the bresding of common oarp im inadequate diet (both qualitatively and
quantitatively).

The spawning of the common carp under natural oqd.it:lonu occurs usually in
spring season when the water warms up to around 16-20"C., The spawning time of the
herbivorous Chiness osrps is also related to water temperature, The natural
spawning sesson of Indian major carpa as wsll as herbivorous Chiness carps is
dependont on the rainy season and the flooding of the rivers,

Many speoies of fish have no spsoial requirement of spawning grounds and scatier
the eggw all over the area available,




443

44341

Nost of the cultivated fishes have, howsver, special regquirements regarding
spawning phoo. The ocommon carp nesds shollow and olean water with temperature not
less than 16=17° ‘Cy & grassy bottom and rising water lsvel, It does not mormally
spavn in ponds where other fioh ppecies are present in good numbera, The Chinese
and Indien mejor carps spawm in well chosen spooia:l. areas in the rivere and the eggs
geot drifted away by the water current,

It is well known that the Chiness snd Indian major carps do not spswn in ponds
or other stagnant waters while the common carp never spawne in river beds.
PRODGCTI(N OF FI1SH SEED

In general, the following main groups of fish propagation methods may be
distinguished:

Hatural Propagation of the Common Carp

423a 1t General remarks

If a pair of ripe oarps ere stooksi in a shallow pond in which the bottom is
partly covered with grase, no other fish are present, and the temperature of the
uatar is suitable, spasning will oocur sooner or later, Of course there are many
Taotors vhich, during the course of the propagstion, may toially or partially upaet
the suocesa of spasmning, It will thersfore be necessary to sliminate all the factors
whioh may cause wnoertainty in commexion with carp propagation,

4230142 Success of spawning operations

A fisgh living under natural oonditions ingtinctively looks for a spnuni.ng plaoce
and spawne when it. is ready to do so.

The proocesmsea of the gonad development, prior to spawning; run without hindrancs
under natural conditions, During this period, the figh colleots enough protein-rich
food for the building-up of the gonade and the temperature of the water anables proper

development,

In a farm pond, on the other hand, the brood fish in most omges cannot find the
same cenditions as in nature, Under orowded conditions they may not get enmough
proteinerich natural food and carbohydrate-rich "artificial" feed may lead to
uwmnatural fattening and unhealthy gonada,

The building-up of eexual products (egge and milt) in the gonads starts soon
after tho previous spaming and the nead for protein-rich food ocours mostly at that
time, In & well equipped farm, provimion for a brood fish pond has always to be
made, If the pond is not crowdsd, the brood fish may find plenty of natural food,
If the fish are fed, food with higher protein content (20-25 percent) may be given.
Ninced wild fish, arabs, frogew and tadpoles mixed with crushed graine, oilcakes or
rice bran will bs excellent food for this purpose, On the other hand, in order to
provide netural food, the pand should be manured and fertilized regularly.

A good female carp may produce 150 000 aggs per kg, which means that o female of
4=5 kg oan produce over half a million eggas, If the survival of the eggs is not more
than 20 percent {vhioh is quite reasonable under oconirolled conditions) 100 000
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fingerlings oan be obtained from one femsle, It 1s a faot thet ten paire of adequately

brood fish oan gverorowd a 50-100 ha farm with fingerlings, On the other
hand, if the eggs cmnnot build up adequately dus to lack of essentisl smino acide in
the diet, even 50 pairs of brood fish cannot produce enough fingerlings necessary for
stooking a small farm,

de3014) Control of snemies

A Tew tadpoles or mnake-head fish (Ophiocephalus) in a fish pond oan grase on
thousands of fish sgge in one day. Shails aleo may the same, The tiny orustacesns
liks Cyclgps may kill thousands of freshly hatched larvae of cerp. In a swall pend
orowded with early fingerlings, inseots like backswimmers, drsgon fly larvae, sto,
osn axterminate thousands of early fingerlings. The [roge, birds, mmakes, sto, omn
do the same at later life stages of the carp, vis., juveniles and adulis z!‘.lg\lru
33, M, 35, 36 and 37). :

: A goneral rule for successful oarp propagation is to keep the spawning ponde
dry when not in use, If they are used for other purposes like storing and rearing,
they should be drisd at least during December, At the time of drying, care should
be taken to ses that no pools and ditohes with water are left over at the bottom,

If high grass is abundant on the bottom of the pond, it would be adviasable to
cut it short, If adequate gressy patches do not ooour, artificial sgg collectors
like Ykekabana" should be placed in the pond, .

The ponds may be filled before noon and ‘stocked with brood fish during the
aftemoon end the inflow rate may be se sdjusted as to keep tha water level rising
llﬂ'ﬂ’ly.

If the pond 1o filled with water from another pond, it should be filtered at
Joast with a fine mesh goreen,

Fish enemies like birds may be trapped or scared away bty different means,
Complete protection of the fry and fingorlings against the many enemies ocarmot be
achieved, but ths mejority can be saved from destructlon by adopiing measures men-
tioned above,

4430144 Provision of satismfactory conditions for the growth of fry

There are better chances for the survival of the fingerlings if they are
provided with sufficient food, or provided with greater space to scatter and find
food and protection.

Prepence of a large number of fiy in a small spawning pond may result in the
rapid conmmption of available food. The fry and early fingerlings have no ressrve
fat tispues and hence cannot gtarve for more than s day or two. Even with meagre
waintenance food, they becomes weak and perish soon,

During the firat days after ™air enapping”, the fry will be able io find encugh
food consisting of mmall algae and tiny animals whioch develop in the msame water body.
. The food shortage starts after T=10 days, When 10-12 zm long, the fry are always
hungry, their food ospacity increases mnd they are able to swallow hundreds of emall
planktonic animals, '
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Frequent but osutious wenuring can help to maintain the balance between the fry
snd natural food. Artifioisl food meal can help the Ifxy to kesp alive and grow well,
If, due to any redson, the fry population is oonsiderably reduced, s fresh stook
should be introduced only after removing the remaining individusls and disinfecting
with quick lime,

Another important rule of fingerling produotion is never to stook different
age groupa of fry in the same pond.

Buropsan Tish oulturists have developsd the prastios of thinning aut the fry
vhen they are 10=15 days old and restooking them in bigger (mowoalled rearing) ponds
whioh ave filled with watar 7=10 days earlier., They are gsnerally tranaported in
Duokete of water, This way, the number of fry collected ocan be easily estimated,

4432145 Control of parasites

4032

Ao alresdy indioated, keeping the bresding and fry rearing ponde dry shen not
in uses will help the destruotion of parasites and pathogens in the pond soil, Addition
of quiok lime or any other disinfeoting agent will givs additional bsnefitm.

Many parasites are brought into the bresding and vearing ponde along with the
brood fish or with wild fish, The white spot diseass (Figure )8) and gill worms
(Pigure 19) are usually spread in this manner,

It therefore follows that all adult fish muat be kept off from the fry rearing
pond, If there is = natural spawning, the bresdsrs must be removed from the pond
after 1 day. A better method ia to let the fish spawn on “kakabans" in a peparate
spawning pond and stock the nursery ponde with sgge attached to the collectors,

A notego=sffective method is to treat the brood fish against parasites before they
are relessed for spawning.

The brood figh may be trca:todaagainnt Ioht%mgl_lthiriuu, which omuses the white
spot disease, in a eoclution of 1 w™ water h 6,7 g of malachite gresn, The normal
period of treatment is 1-1.5 hours, Against gillworms (Gyrodactylus, Dactylogyrus,
Diplozoon) treatment in sodium chloride (NaCl) solution prepared by diseolving

«5 kg common ealt in 100 1 water for 10-15 min was commonly adopted in earlier
yoars, Recent atudies have shown that Dipterex solution gives good results ageinsi
this parasite, In Nepal *Dipterex 80' is available and, for the treatment, 1 ppm
solution may be used, If 'Dipterex 95' is used, 0,6-0,7 ppm strength will be
suitable, A few fish may be treated first and if no bad effeots are obeerved, mase
trs;tmont may be done, Dipterex solution is usually spread over the entire pond
surfaoce,

Semi-Artificial Propagation of Cosmen Carp

Tn order to stimulatie the spawning of the common carp in & *hapa’ or cement
cistern in which “kakabans® is placed, the hypophysis (pituitary gland) solution
may bte injected into the brood fish. (The technique of hypophysation is desoribed
in the following chapter,) The eggs aecatiered on the "kakabans” may bs transferred
into a rearing pond,whioh im kept filled with water,shortly efter the spawning has
iaken place,

The estimation of eggs present on the "kakebans" miay be done with the help of
a vory simple dovice. Take a 10 x 10 cm piece of hard plastic plate {(0,5-1 mm thiok)
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and out on it 1 x 1 om squares in rowss Place this device over the “kakebans" and
count the numbar of fertilised egge yisible within each 1 om square, From this

the average nuaber of egge in one ¢m™ oan be oa:l.oul!ttd. By multiplying this number
with the total surfacs area of the "kakabane" in em“, ihe total (approximata) number
of egge may be oaloulstsd, The unfertiliced eggs become white and opaque hours
{womstimes even sarlier) after the spawning, while the fertilised ones get & glittering
and traneparent appeArance.

The best time to transport the "kakabans" with eggs over short distanoces is the
first mmest period after the spawming. If, however, the time span beiwesn the
epawning and dusk on the same duy is less than 8=10 hours, the transportation may Dbe
dene at the time of the next dawn or sunset. When transporting, the "kakabans® should
be kept covered with a wet oloth,

L]

The "kakabans" with egge should bs placed in about 30=50 om desp watsr on & smide
of the rearing pond and sometimes it may be nacessary to nail the branches to poles
driven into the pond bottom, The eggs should be inspeoted daily and when the larvae
hatoh out, the bundles may be removed,

Artifioial Propagation of Common Carp

General remarks

Some of the circumstences under whioh artificial propagation of the common carp
is reasorted to aret

i. where practical experience has proved that natural propagation of the fish
i’ genorally wneuccessful}

ii, where there are many snemisp that destroy the eggs, larvae and fry;

i1ii, neceseity of large-scale produotion of fry and fingerlings before and after
the natural propagation period;

iv. shere carp breeding ponds are not available and natural propagation ia
limited due to lack of adequate breeding facilities;

Ve vhere carp eggs, fry and fingerlings are mold for culture purposes;

vi. where ths number of meles are insufficient for sucocessful natural
propagation}

vii, vhere mature carps canght on their way to the breeding plaves, as for
inetance in inundated areas of rivers or in lakes, are needed for propa-
gation purpomes with a view to maintaining s proper population density of
the fish in the natural water in question, {In Hungary, the oatohing of
earp during the breeding seasson is allowed only in those weter bodies where
the fish are ueed for artificial propagation);

viii. whers sudden change of weather conditions may kill the egge and young larvas
yroduced by natural aspawning

ix, where improved etrains of the fish are to be developed through selective
breeding and hybridization,
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4230302 Propagation technique

The tecknique of artificial propagation of the common carp may bs described
under five stages as desoribed below:

4e3e3e3 Preparation of brood fieh for hypophysation

A female oarp is generally considersd ready for hypophysation when its bally
in large but not swollen, not hard but net too soft and the genital opening is
ewollen, protruding and reddish in colour, The egge in euch a fish will nommally

. be large, yellowish in colour and ssmi-transparent, and oan be easily meparated
from the wall of the ovary,

In nost cases, when the females get sufficiantly ripe in the segregation pond,
they can be taken out and hypophyeed immediately., In hatoheries where they are kept
in troughs, conditioning for 12-24 hours may, however, bs nacesmary,

The males will be resdy for hypophyeation when their milt can be pressed out
Yy applying a light pressure with the fingere on the hind part of the belly near
ths genital opening.

#4030 304 Rypophyaation

The hypophysed males and females must be kept separataly or the femalss should
be "atitched in" or "gutured” to closes the genital opening, When the water tempera-
turs ia above 23 0, it is strongly recommended to "atitch in" the famalea to avoid
losa of the egpn.

The hypophysed fish can be kept in & hapa (2=4 females in 2 x 1 m) or a basin
(2 females in 1 x 1 m) from which they can be caught easily with a special scoop net
or by hand, The hapas can be fixed in a cenal with flowing water or in a pond clows
to the shore near the inflow, If the injeoted breeders ere kept in a basin or trough,
continuous water supply would be neceasary.

Proparation of hypophysie solution

Upually acetone-~dried hypophysis im used for the hypophysation of the common
earp. The glande are oollasted from 1=2 kg mature carps and are dehydrated with
changes of acetone and then dried, The hypophysis of a carp of the size mentiocned
will have s dry waight between 2 and 4 mg sach,

The doss used for the female fish is 1 hypophyeis per 1 kg body weight of the
ronipient, It has been precisely caloulated that 2,5=3,7 mg of dried hypophysis will
be needed for each 1 kg of the femals, But euch male, irrespective of itms weight,
is given only 1 hypophyeis, (By semieartifioial propagation the hypophysation of
males can be avoided,) (Froctions of a kg are rounded off for the purpose of such
caloulations.) '

It ie advisable to prepare in bulk the entire quantity of hypophyeis needed for
one day, The dried hypophysis must be pulverized first im a small porcelain mortar
before the polvent is added.

The solvent used ie & 0.6-0.7 percent NeCl (common salt) solution mixed with
purs glycerine in the ratio 70 parts of salt solution:3i0 parts of glycerine, 3uch a
mixture has the adventage of not flowing back easily after the injection amd perhaps
may also prolong the period of effectiveness of the hormone, The quantity of solvent
needed for each hypophysie is 0,5 wl,




After ths hypophyeis is thoroughly pulverized, the measured quantity of selvent
should be added immediately, The solvent can Le messured with the same syringe with
which the injeotion is to be given, The pulverized hypophysis snd the polvent should
be thoroughly mixed and the insoluble partiocles allowed to setile down either by
gravity or by oentrifuging, It is advisable to prepare the molution one hour before
injeotions are given, ,

The "ripening” period im reckoned from the injeotion till the time when the fish
ism "rips for stripping®, This varies acoording to the temperature of the water in
- which the females are kept after the injeotion, as shown below {date relate to common

oaTp)t

Water temperature (°C) "Ripaning® time (hours
15-16 24-26
17 20-23
18-19 : 18-20
20 1516
22-23 12-15
25 10
28 8

The proper time for giving injection can thus be fixed so that the fish will
bs raady for eiripping ai a convenient hour of the day. "Over=ripening” of the
coomont ¢arp ogep tekes place vwhen the eggo are retained in the ovary 2-3 hours longer
after "ripe for eiripping” etages. It may bo mentioned here that the “over-ripening®
time for the Chineme herbivorous carps is far ghorter, somstimes only 30 min,

If the females are to be stitched=in, a mild anassthesia will be necessary to
keep them quiet during manipulation, The solution generally weed is 0.5 g M3 222
(Sandoz, Basle, Switserland) dissolved in 50 ml water. A sausage-like tube made
of oloth filled with ootton im moaked with this solution and put in the mouth of the
fish, The solution is abgorbed through the capillary system of the mouth cavity
and will become effective within 1-2 min,

It is aedvisable to mark the injected specimens with a o;uloured thraad tied on
the dorsal fin, After this, the genital opening is sutured and then the injectiom
sdminietered, The putured females will be "ripe for etripping” without loes of eggm,

Suturing should be dene using a waxed ootton thread and sewing needle and by
making cross mtitches over the genital opening, The thread ehould be pulled tight
and tied fimly, - :

The injeotian of hormone solution should be given intramuscularly betwsen the
base of the dorsal fin and the lateral line. A medius size injection needle may be
used and, in order to avoid flowing back of the solution, it im usual to message the
spot whers the injection im given. When injeoting scale carp, the needle is t7 be
inserted wrder the scalea, ;

The injected specimens should be kept separated by mex in a hapa or basin, If
the femsles are sutured, they can be kept with the males in the ratie of 111 for
stimulation, In clear water, a "ripe for siripping” female can be recognized by the
foct that it will be oonmiantly ohaged by the male,
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403,35  Siripping of sexual products, fertilization and elimination of the sticky
layer of the egge

At the and of ihe estimated time required for the ripeming of the.egge, the
injected fansles are to be examined ic ses whother they are ready for stripping.
Pamalas swimming to and fro restlessly are usually ready, Fully ripe and "ready for
stripping® femalea will yield egge freely by applying a very slight preseure on
their belly. 4in unsutured ripe female speoimen should therefore he oaught in suoh
a way that the forefinger of the operator is pressed on its genital opening. The
sutured females are eesier to handle and a sure sign of the "ripe for stripping” stage

e swollen and very moft belly. In such speciwmens the eggs will flow out ms soon
a8 -the suturs thread is cut.

The fish must be dried with a pisce of soft cloth before stripping and the eggs
mey be stripped into a plastio or enamel bowl. The last portion of the egge may have
to be stripped with a light pressurs, J

Inmadiately after the aggs are 31;%111; from a male is added over them,
The milt can be sucked with a_rijstte or milt collector {Figure 40). When enough
milt has been added, t ontents are mixed "dry" immediately with a plastic spoon or
strong feather,

;}:ﬁiu solution of HaCl and cerbamide {urea) (co(m2)2) is then poured over
the zixture of egge and milt, This solution prevents the eggs from sticking together
2 becemge the virility of sperms lagts longer in this solution than in water (ebout
20-25 min in the solution as against 1-2 min in water), betier fertilization san be
anticipated,

|~ The eolution ie made by adding 30 g carbamide (urea) to 40 g NaCl dicesolved in
10 1 of clean (not distilled) water, '

At first, about the same quantity of the solution as the volume of eges is used
and stirred with a plastio spoon (or feather) for about 5-10 min, Subsequently, the
stirring can bs done at 5-7 min intervals, The egge abaord the solution and begin
to swall whon small quantities of the solution should be added from time to time

ag required, '

Aftor about one %o one and a half hours, the swelling of the egga stopa and the
sticky layer of the egge is dissolved. However, if the egga are put in water, they
may tend to stick together in loose clumps due to the presence of the sticky material
in betwean the eggs, In order to get rid of the elicky material completely, & 50luw
tion of about 7~10 g of tapnin in 10 1 ¢f water is ueed, About 2-4 1 of this eolution
iz taken in a plastio bucket and a maximum of 2-3 1 of awollen eggs may be poured:in
all at once. After stirring for 1-2 aec, clean water should be poured over,
the eggs have pettled down, the water has to be drained through a strainer, As ¢
precautionary measure, a amaller quantity (1=1,5 1) of tannin solution is then Y
into the bucket and after a little stirring, clean water is again added, follows* by
draining, Thie operation is %o be repeated 2 or )} times and the mees of eggs should
be waghed with clean water a number of times, If the tannin golution im inadequate
for the quantity of eggs, a slight sticking together may be obaerved., The agge which
are water-hardened by now, are peparated from each other and can be introduced into
the jars or other devices for incubation,

The siripped egge’ (the so-called raw eggs) having a certain emownt of ovarian
fluids, appear as a thick flowing mees, Ones litrs of raw eggs containa sbout 700 000-
800 000 ogge, each of which im about 1 mm in diemeter, The swollen {water-hardened)
eggy if not treated, is 1,5-1,7 mm in diameter and 1 1 of the mass containa about
262 000 eggs, The normal diameter of the treated egg is 1,95=2,1 mn and 1 1 will
contain gbout 120 000-180 000 eggs,
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4:3:3,6 Incubation of fertilised eggs

The normal period of incubation at different temperatures of the water flowing
through the jars im given below:

Water temperature (°C) Time of inoubstion
hours days
16-17 160-170 -7k
18 120-125 5
20 80-84 »
) 22 T0-72 3
25 50-52 2%

The most sensitive stage in the develomment of the eggs im the period of call
division, which taken place during the first 12-24 hours after fertilization, depanding
on the water temperature, During this period, the rate of oxygen conmmption of the
egge is at its lowest, A strong water ourrent in the jar can harm the egge at this
etage and hence it is advisable to ume only a weak water current, just enough to
rotate them mlightly.

In artificial fertilization an average of 5-10 percent eggs are generally wnferti-
liged, The spoiled agge are often attacked by fungus {Saprolesmia) and if there are
olunps of eggs, as may someiimes happen in spite of the treatmemt, fungus may epread
rapidly and harm the good egpgs, So it would be advisable to loosan and separate such
egga with s elight pressure of the fingers,

The momt widaly used mathod for controlling funpus in the jars is treatment with
malachite greean at a strength of 0,02 g per liire water. The measured quantity of
the chemicel ig to0 be introduced into the jar, the volums of which should be noted eo
that the regultant golution will be of the required strength, The trestment is 4o
last for 20-25 wmin and during this period, the flow of water through the jar should
be stopped, After the treatment the flow of walter is to be resumed when the malachite
groen eolution will got washed away. The best traatment egaingt fungus attack would
appear to be treaiment with tannin solution (5-9 g temnin in 10 1 water),

A fow larvae generally hatoh out first and this indicates that after about half
or one hour the bulk of the larvae will appear, At this stage, the water ocurrent in
the jar ehould te elowed down ao that the hatchlings will not be injured or killed,
Thie ie the time to take the eggm out of the jara into a hatching funnel (aieve olothe
walled funnel) or a hatching box, for which purpose the egge can be siphoned out with
a rubber or plastic tube of 1.5-2 cm diameter into a bucket,

4.3.347 Hatching of egge and rearing of larvas till they start feeding

Hatohing of eggs dhould take place in a separate place, the best arrangement for
which ie provision of a sisve olothewalled fwwnel or a hatching box,.

The fry hatching devices must be supplied with at least 5-10 1 of oxygen-rich
water per minute, Frechly hatched larvae will adhers to the wull of the hatching
device and grags stalke, leaves, linen or plastic sheetr may be kept in order to pro-
vide additional settling places for them, Howaver, they should be removed when the
fry start to avin continuously by the second or third day.
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Good hatching hapas can be made of smynthetic sieve scloth (mesh size: O0.3=0,4 mm)
with the following meagpurements: length: 60-80 cm, width: 30=40 cmn and height: 30-40 om
(Figure 41). The hapa is placed in a trough with about 10 cm of its upper sdge above
the watear surface while ite base is at least 10 om above the bottom of the trough,

On the third day, the hatchlings get their air bladders filled with sir and start
to ewim actively. Shortly after this they start to feed, Then they have to be pro=
vided with food or transferred to a pond or tank vhers they can find natural food
(esga, in a nursery pond). The time required for the growth of the larvas to fry stage
depends on the water temperaturs, A low temperature (14—16"0) may dslay this develop=
ment very muoh, thue making it possible to tranafer the larvas to & distant place.

" The consumption of common larvae and

The oxygen oconsumption rates of 100 000 carp larvae and fry are as follows:

Oxygen consumption in mg/hour
Water temparature (°C) N . .
owly hatched Fry ready 10 daye old 15 days old
larvae to feed fry * fry
28 144,0 278.0 T90.0 886,0
25 . 115.0 208.0 530.0 811.0
20 83.0 141,0 290,0 45040
15 - 54,0 80.0 100,0 393.0
10 3.0 50,0 63,0 160,0

443.4

The fry should be scooped out of the holding device using a bowl or cup as nets
may couse serious injuries,

Haloherien for Cultivated Fishes

Continuous water is the first basic necessity for establishing a successful figh
hatchery, Polluted, ochlorinated or oxygen~defioient waters are unsuitable for feeding
fish hatcheries, If such conditions ars inevitable, thorough aeration would be naces-
sary. River, pond or reservoir water, if properly strained snd the temperature is at
a puitable lavei, can generally be considered as satisfactory.

Another bagic requirement concerning the water supply is that a certain amount
of pressure would be needed for continuous eupply within the hatchery, 4 lavel diffe-
rence of 1~1.5 m between ithe water source and the hatchery unite should be sufficient
+to maintain a satisfactory pressure, The tamperature of the water duving the brsading
season of common carp should not be lower than 17=18°C and not higher ‘than 26-27°C,
Temperatures arowmi 20-21°C are the best suitable for hatehing Qommon oarp eggs. In
the cage of the Chinese o CATDBy the ideal temperature ise sround 24-25 G, the range
being between 20 and 29 C,

The pize, fittingm and equipment in a hatchery will depend on its use; i.e.,
shether for large-scale supply of fish seed or for providing stooking material in a
farm, In the former case, slaborate arrangements would be necessary, while in the
latier a simple siructure should suffioe,
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A pipe 2,53 m long and 4=6 cm in diameter and provided with 10 to 12 taps
fitted at intervals of 25 om gan merve as An excellent water supply device for the
plastic funnels used for the incubation of common carp eggs. The same pipe can aleo
bs uged for providing water for the sieve-cloth funnels neceesary for the inoubation
of Chiness carp eggs. In order to avoid ologging in the pipe and taps, & strainer
drus (Figure 42) about 50-60 om long and 20-25 om in diameter made of chicken wire
ovar which a mosquito net materisl ie siretohed, mey be kept atiached to the pipe
at ons snd., The gisve-cloth funnels should be kept in water while they are used for
inoubation of Chinese carp egge or hatching of common carp egge, and so 2 long cisterns
(made of bricks with cement plaster) each 3=6 m long, 1 m wide and 1 m deep, would be
necensary, The cisterns ahould have a drain from the bottom.

As incubation of sgge and rearing of sarly fry are done simultanecusly in most
cages, 2 pipes with taps and 2 cisterns will generally be necessary, A aimplea thatohed
roof may be erscted above the containers and a jar stend inetalled in order for protec=
tion from ounshine,

Two atrong hapas (2 x 1 x 1 m) fixed in a pond neer to the inflow would be suf-
ficient for keeping the injected bresders. But better results can be expected when
two small cement cimternsa 2&&011 2.2 x 1.2 x 1 m) with adequata water supply provisions
are available, For keeping the early fry after they siart feeding, some well manured
and fertiliged small nursery and rearing ponds would also be required,

In a typical mmall hatchery, 10-15 plastic funnels, &=10 nieve-cloth funnels and

6-10 hapas {for keeping early hatchlings) will be neceseary., A simple device which
will facilitate changing the water in a basin is indicated in Pigure 43.

Dovices for Ege Incubation and Reari:

4. 305.1 CGeneral remarks

In Burope and North America, ready-made glese jars (Zuger jaras, Weies jars or
Zug-Weigs jare and MacDonald jars), which may be used for incubating all typss of non-
sticky oggs of fish, are available in the market. The common carp egge (from which
the sticky layer has been removed) and the eggs of Chinese and Indian mejor carps and
mahagheer may be inoubated in such jars.

For use in Nepal, such jars will have to be either imported or subgtitutes have
to be fabricated loocally.

The plastic funnele for incubation of common carp egge snd the sisve~cloth funnels
for rearing common carp fry end inoubmtion of Chinese oarp eggs can be effectively
ugad under conditions in Nepal,

4434542 Plastic funnel (Figure 44)

Haterials required:

i, One strong plastic sheet 75 om long and 28=30 om wide;
ii, One ring made of galvanized iron wire (2-3 mm) of 15-16 cm diameter;
iiie One small pleatic ehower rose about 5~6 om diameter (gensrally used in waler
sprinklers);
jve One 1 cm wide grip-ring made of sluminium plate 0.5=1 ma thick, which can
bes fixed by nut and screw; -
ve. One iron ring, smeller in circumference ihan the shower;
vi, BStrong string or rope 2-3 m in length.
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The plastio sheet should be cut into two halves diagonally, ae shown in Figure 44A
snd both the parts should be sewn along the out with 3 mm atitches, leaving an edge
of about 1 om. The two funnele can now be tucked inside each other so that the sewed
edge will be on the opposite side, It hus been found from experience that a little
leakage in the funnel does not matter and subaequently the stitched holes will get
olosed automatically. In order to fix the ring on the fumnel, the upper part of the
fugnel has to be turned down eo that the ring is held tight betwesn the two pairs of
plastic sheets, Then the ring is etitched on by hand with & strong thread. Two
loops to hang the funnel, fully stretched and vertical, should be fixed uwnder the
ring by making a hole in the plagtic sheet with the aid of a glowing matohstick or
a hot mmil,

The shower head may then be fized on the bottom of the funnel using a grip-ring
provided with nut and ecrew.

For erecting the funnel, the shower stem is to be pushed into the 1.25 ¢m pipe
and the end of the plastio sheet bound tightly to it, At the top end, the funmel
gshould be hung siretched to a horizontal beam, wsing the loops mentioned earlier.

In order to avoid any possible dislocation and to keep the shower head in plass,
a ring may bYe used under the ghower which should be itied to the horizonial beam above
the funnel,

The ocapacity of a normal plastic funnel will be about 8-10 1 and about 2-3 1 of
swollen common oarp egge can be incubated in it.

4434543 Sieve=cloth funnel (Figures 45 and 46)
i. Materiale required:

Size of the funnol
Small Medjum Big

Name of material

Plastic sheet (strong,
soft and flexible) 45xT75em | 45x 110 cm 45 x 150 em

Linen cloth (etrong) 25 x 100 om 25 x 150 om 25 x 190 cm

Psrlon sieve cloth ’

{0.6-0.8 mm mesh) (i) 25 x 100 om 25 x 150 om 25 x 190 cm
or

(with same size of

linen cloth) (i) 14 x 100 om 14 x 150 cm 14 x 190 cm

Galvanized iron ring
i2-3 nm diam) —= 2 No.
One may be of cane if the
sane is easily aveilable) 97 om 147 om 186 om

Soft 1linen ribbun (like
shoe lace material) . 200 cm 300 om 400 om

Kitchen fillar (fumnel) = 2 Ko.
{with 1,5=2 am wide brim snd
12 em diam, Height of funnel
part: 6-T cm and length of
tubey -6 om)
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Size of the funnel

Home of material small Medium Big
Plagtio pipe Acoording to the oircumference of the kitchen
fillers + 10 om
Elbow pipe (preferably PVG) -
1 No.
Plastic tube (1.25 cm diam) 1m 1m 1m
Strong thread (prefsrably
reinforced by nylon) for
sewing

i1, Premations

The fumnmel has B cone=shaped part made of plastic shest and s oylindrical part
made of psrlon sisve-cloth et the lower part and linen cloth at the upper part, The
water inflow dovice made of the two kitchen fillers is connected to the ocone-shaped
part on one side and through an elbow pipe with the water tap.

The plastic material for the cone may be cut in pieces, as showm in Figure 45.
For the small, medium and large sized funnels, 2, 3 and 4 pieces respectively have
‘to ba stitched together.

The upper part of linen cloth im then made, 1In order to give sufficient atrength,
about §=10 ¢m width of the linen strip should be folded up end etitched around the
ring, The perlon sieve-cloth strip ehould them be sewed to the linen part with the .
sean remaining on the outeide of the funnel, Then the sieve-oloth strip and orae=
shaped plastic sheet parts aro sewed together taking oare to gee that the eeam remains
outeide,

The next step ie to stitch about 15 cn long ridbon pieces arouwnd the middle part
of the funnel where the conical and cylindrical parts meet in order to fix the mecond
stiffening ring, Now the top ring, preferably made out of cane, should be fixed on
the upper end by twring outward the upper edge of the funnel and stitching by hand.
Two pairs of loops are fixed around the ring for henging the funnel,

In order to regulate the rate of water flow into the funnel, a special device
made with 2 plastic kitchen funnels (fillerg) are to be fitted. One of these funnels
will serve as water distributor for which purpose 0.9-«1 mm diameter holees are to be
made with a hot needle in 3 or 4 rows aromnd the brim of the funrel, (The holes
should be 2-2,5 mm from each other and 400=500 in total number,) For allowing the
escape of air bubbles which may enter in the funnel device with the inflow of water,
it is advigable to make gome holes on the tube of the funnel which will be kept cloaed
with wooden plugs,

The funnele should be stitched together as shown in the figure and then squeezed
ineide the cone of the hatching funnel and fastened in & vertical position. The 'U*
shaped portion of a eplit plastic pipe (1-1.5 cm diameter) oan be used to keep the
furmel device in position with the help of two small screws and nuts, The tip of the
lower funnel should be pushed into the 1,25 om elbow piece and the end of the plastic
sheet cone should be bound by a string, To the other end of the elbow a plastic or
Tubber pipe shout Ou8=1 m long ism to be fixed, which will connect the bottom of the
funnel with the water tap,




- B) -

The hatohing funnel should stand varh.oally in the water with the help of a
weight attached to the bottom,.

Technical dats on the sisve-cloth funnels are as followai

Small Medium Big

Diameter of the -
oylinder 3 om 47 om 56 om
Circunferaence 97 om 147 om 162 om
Approx. volume of the
cone portion 141 301 411
Approx, total volume 351 811 195 1
Capacity for ewollen
ogge of Ghinese carps 71 10=-15 1 15-20 1
Hater supply
necessary 0.5-3 1/min 0.85 1/min 1.2=10 1/min

iii, Rearing hapas

The etandard dimensions of the rearing hapa are: 60 cm long, 40 cm wide and
40 cm highs. The uppsr part of the hapa mey be mads of linen and the lowar part of
0,5=0,6 mm perlon sieve cloth, The hapa can be kept atretched with eplit bamboo
pieces or a galvaniged iron frame.

43,6 Artificial Propegation or Chinese Carps

403s6,1 Baising and maintaining brood fish

In raising brood fish, cars has to be taken to gelsot the best specimens and
stock them in small and produotive ponds, As gsuch fish approach sexusl maturity,
adequate food must be given to ensure proper development of the gonads.

Proper maintenance of the brood figh between two propagation periods ie also
of apecial importence, Unfavourable conditions may cause infertile eggm, poor ferti-
lity ratio, faster over-ripening of the egga, deformed embryos, wesk larvae, etc.,
and the males may not produce good quality milt.

During the firet part of {he mainienance period from the end of the breeding
geason to the end of winter, the brood fish build up new gonad cells and tisgues,
During this period, supply of adequate quantity of rich food has to be ensured.
They may be kept together at thia time with other fimh species in mixed culture.
The gecond part of the maintenance period is more decimive and calls for not only
rich and adequate food, tut also special environmental conditions,

The maintenance conditions for the three Chinepe carps are differant and are
therefors treated meparately below, Jegregation is unavoidable during this period,

Grass carp. The species prefers clean and traneparent water 1,52 m deep, If
the water of the pond is renewed from tiwe to time, gvod btreeding resulte can be
expocted. The normal food to be supplied is cut grass, sprouted graine, rice bran,
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oil cakes and offals., The quantity of grass given per day should be 15-20 percent of
the tota)l weight of the fish etogl\:, while the food grains and offale should not exceed
2-2,5 paroent, In about 1 000 m” pond area, 20-30 brood fish .can normally bs kept

and they can be held together with proespective silver cerp and bighead brood stock.
Kanuring and fertilization of ihe ponds are unneceasary,

Silver carp. The species prefers gnall and fertilized ponds with rich micro-
phytoplankton, Renewal of the pond water is nscessery only when the dissolved oxygen
oontent goes down, resulting in the fieh swimming ngar the ghors in shoals, They can
be fed with soybsen flour or rice bran, In 1 000 m~ pond area, 30=50 brood fieh can
be kept along with 4.6 bigheads. During the seccnd part of the maintenance period,
no grase carp or coumon carp should be atocked with the silver carp brood siook.
Manuring is not necossary,

Bighead. The species prefers water rich in zooplankton which can be achieved
by frequent aanuring andzrogular fertilisation. The food can be the seame ss that of
silver carp. In 71 000 m“ pond area, 20=25 bighead and 2-4 eilver carp brood fish can
be kept, but the species must be separated from common oarp and grase carp during the

. gecond part of the maintenance period,

The mpent grase oarp can be giocked in ponds where bigger common carp are growing
but it is very rieky to do so in ponde where smaller carp fingerlinga are sbundant,
A spent fish is very hungry and may eat the small fish. Spent silver carp cen be
stocked with bigger carp fingerlings if eufficient small algae are present. Spent
bighead can be wmtocked with bigger common earp, provided the pand is rieh in zoow
plankton,

4.3.6.2 Determination of ripenese of brood fish

vhen the water temperature remains steady at over 21-2300, the herbivorous brood
fish may ba ripe for propagation.

It is known that the inner side of the pectoral fins of the male Chinese carpe
beoome rough (due ¢ cocurrence of small horny protuberances) when they are fully
mature, The females will generally mature 2-3 weeks after this. The ripsness of
the males oan be judged by the oozing of the milt when a slight pressure is applied
on the belly.

The importent and definite oigns associated with the maturity of the femalea
are indicated below;

Grass carp, The lower part of the belly near ihe vent bacomes puffy and eoft
and the sexual opening protrudes, . '

Silver carp, The belly becomes puffy and soft and the vent gots a red or romse
colouration and also gets emerged. Sometimes the edge of the vent becomes uneven
and the sexnal opening gets emerged with pink or red colouration, -

In Hepal, the herbivorous carps are newly introduced species end sufficient
experience haa not yet besn gained regarding the best propagation seagon which, how-
ever, most probably is shortly after the spawning season of the common carp.

(In Terai = end of March end first half of April; in Inner Terai - second half of
. April up)to the middle of May; and in Kathmandu valley ~ entire May up to first half
of June,
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A both endes opsn acoop net of about 50-60 cm length with s ehort handle and an
opening of about 16=20 cm dianeter, made of strong mo to net cloth or linen, can
be affectively used for oatching brood fish (Figure 47).

4 kN 6. 3 m‘vm ion

i. The hypophysation of the female

The hoxmone necsssary to ripen the egpa in herbivorous carpe is generally admini-
stered in two doses, The first preparatory dose is about one ninth or one tenth of
the total dose, Generally, 1 dry gland is used for each famale as preparatory dose
at the begiuning of the propegation season, Later, when the ripensss of the fish is
more advanced and if the water temperature im about 25-27 G, helf a hypophysis should
be enough per female as preparatory doge, (The bighead female is alwaye given cne
gland throughout the propagation time,) The preparatory dose is to be given in 1 wl
salt molution. .

The time gpan between the two injections may be 24 hours at the begirming of
the propagation geason and 14~18 hours on later oocasions,

The second and decipive dose of hormone ie to be given in 2 ml ealt solution
(0,65 percent), Some workers advise the use of distilled water but it must be copperw
"~ free, The hormons dose depends on the weight of the female brood fish and on the
circumference of ite body. Usually one gland (2-3,5 mg) im given per 1 kg body weight
of emall and medium size femalea, A table showing the precise doses is given balows

Naximun

cirounference
of the body ® 42 46 50 54 58 62

in om

The doas of

mﬁ‘y:i;gm 3.0 3¢5 4.0 4.5 50 55 6,0

body weight

{Normal hypophysis gland will be about 33,5 mg)

The brood fish ghould not be handled with bare hands as removal of the muoum
on the skin will promote baoterial infeotions, The fish should therefore be wrapped
in a towel or a goft piece of oloth when handling,

The injection is given on the dorsal part of the body as in common carp. It
would be advisable to keep the brood fish on a foam rubber cushion, keeping the ecoop
net or towel around its body,.

ATter the injection, the females are kept in hapas, special basine or ditches
0e8=1 m desp, and oxygen~rich water allowed to flow through continuously,

For long distance transport of brood fish, a special hammock (Figure 48) may
be used,




iis The hypophysation of the male

The male is givan only the decisive injection along with the femals, the dome
being 2 mg hypophysie per 1 kg body weight, When the ripeness is advanced, i mg per
kg almo may give the game resuli., The malea can be hypophysed sgain after -7 daya,
A fully ripe male may give enough milt even without hypophysation.

4434644 Inoubation
The injeoted fish of both sexes oan be kept separately or tsgether, In Europe,
the firast mathod is generally practised, Usually if the saxes are kept separate,
the releass of eggs may not occur unlaps the females are dieturbed or the oxygen
content of the water Lecomesa too low,

The ripening period after injection depends on the temperaturse of water as shown

bolow:
Water tempsrature {°C Ripening time in hours
20-22 12=10
23-25 11=9
26-28 9-7

Thie period may be calculated more precimaely by measuring the temperature during
each howr and adding together the values, The grase carp, silver carp end bighead
gonerally become ripe for etripping when the total of puch added valuea becomes
205215, 210-220 and 235245 respectively.

The stripping should start immediately after the fish are ripe and delsy by more
than 50 min may affect the fartility of the eggs.

4e3s645 Stripping of eggs and collecting milt
- The equipments necessary for stripping operations are:

is Scoop nets = 3 No.
iis Dry oloth or towels {2-3 No. for sach brood fish),
iii, Plastic or enamel basin (preferably with 1lid) of 24 1 capacity and smooth
inney surfece (1 for each female plus 2 extra).
iv, Plaatic apoons or strong duck or goose faather,
ve Milt collectors {or suitable pipettesa),
Vie Plasti)c buckets (with 1id) of 10-15 1 capaciiy (1 for each female pius 1
axtra).

Vhen the females are ready for etripping, they should bs carefully caught one
after another using a scoop net, To avoid loss of eges when each fish is lifted out
from the water, it ashould be put head forward in the scoop net so that the tail portion
sticks outs When the fish is lifted wp, & second person should hold the tail with a
towel and prese his thumb on the genital opening, A third person should hand over
another towel in vhich the anterior portion of the fish will be enveloped, The same
pergon can dry the tail end belly of the figh, Simultaneously, the second peraon
can turn the fish to belly-up position and keep it firmly in his hands, When the
figh ia dry, the third person will lift the egg collecting basin to the genital
opening of the female and the gecond person cem turn the Tish belly downward and 1lift
his thumb from the gential opening, The egge will eject out immedistely. When the
bulk of the egge has come oul, a gentle prespure may be applied to get the rest of the
aggs aleo,
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Besosuse cne drop of watar can epoil hundreds of eggs, it ia necessary 1o use a
oonpletely dry plastio or enamsl basin for collecting the egge and the body and tail
of the fish should be dried with the towels before atripping.

Hote: Never sirip the female fish by force, Foroed out egge will be usgluss
and the fish itmelf may die, A female in which the eggs do not ooze out may become
rips later on and respond to nommal stripping. During stripping, the eggs should be
allovad to flow dowm on the wall of the basing if they fall dowm etraight on the
bottom, many may be spoiled.

The egge thua collascted should bs kept in a shaded place and kept covered,

Colleoting of milt must start immediately. Since the milt also becomes "spoiled™
vhen mixed with water, the milt collectors should also be completaly dry. If guf-
ficient personnel are available, the colleciion of milt can run parallel with the
etripping of the femalos.

For 1 1 of dry egge, sbout 10 ml milt will be required.

4e3:6e6 Fertilization of the egge

The developmental stagas of eggs of typical herbivorous fishes are ghown in
Pigure 49.

The fertilizsation should be uwndertaken immediately. The milt is spread over the
ogge and mixed together with a dry plastis spoon or a sirong feather for about 1-2 min
and then clean water of t{emperature 21-24C is poured over the mixture. About 100 ml
water ig neceasary for 1 1 of egge, Stirring of the eggs must be continued for about
2=3 min, .

¥When the eggm come in contact with water, they begin to swell, MNore water must
be added in smaller doses so that about 3~5 om water always remaine sbove the egeg maes,

The eggs should now be transferred to a bucket in which 1-2 1 olean water has
already been sdded. The eggs should be allowed to flow down the side of the bumoket,

About 30 min afier fertiligation, the egge should be washed by changing the water
3-4 times, Then the e can be taken into the inocubator jars (plastic funnels or
gieve=cloth funnela). (The hatohing hapas are not good for inoubation as the egge
may die in large quantities due to poor seration,)} The iranafer of the eggs to the
jars chould be done very carefully in order to avoid possible damage.

4230647 Incubation of eggs
If the eges are not over-rips they swell 50-60 times their original velume,

All fish eggs are very sensitive in their first stage of development and the eggs
of the herbiverous carps are no exception, On the contrary, they are more sensitive
in this etage as compared to the common ¢arp eggs, due to the thimmer egg shell and
more delicate nature of the celle. A violent shake can displace the cells on the
blagtodise of the developing egge So the water inflow into the inoubator must be
finely regulated. Since the oxygen demand of the eggs in the early developing stages
in rather low; only that much of water to keep the eggs without any noticeabls move-
ment ghould #Mffice under ordinary e¢ircumetances, In each incubator jar, the rate
of flow of Wat®r may be O,5~1.5 1 per minute. However, during the second half of the




develoment stage, the rate of flow must be raised gradually to 3-10 1 psr minute,
acoording to the size of the imoubator.

In an incubator jar of 8=10 1 ompacity, about 2=-3 1 of awollen eggn may be pleced,
while in a mieve—cloth funnel, 30=50 peroent of the capacity of the conical portion may:
e filled, One litra of swollan egg mass will contain about 15 000-17 000 eggs.

A plastio funmel or Zuger jar of 810

{unswollan) egge, (i.e., about 40 0OD-50
and 30 000 of bighead).

[l

apacity can take about 50 ml "dry"

gze of graas carp, 50 000 of silver carp

§lb

4.3,6.8 Preventing premature hatching

The shell of the floating eggs of Chinese carps is very delicste and often gets
infectad by baoteria and fungi. The adverse effecta produced by water bacteris end
fungi include the eggs getting thinner, flabby and deformities, The development of
the embryo will also suffer and,in most cases, premature hatching may occur, The fry
thus produced are generally not viable and will die during the firet days of their
life, In thie way 90-98 parcent of the good egge mey perish. The slimy products
of bacterial and fungal infectione mey lead to aggregation of the otherwige nom-sticky
egge in big clumps, shich may cause suffocatiaon,

As a preventive measure against bacterial and fungal infsctione, many European
hetcheries adopt ihe so=ocalled "formaldshyde shadowing” method in which formaldehyde
is added continuwously in the water in the hatohery at the rate of 1 part im 20 000-

310 000 parta of water, Howaever, this process needs mophisticated equipment and
strict control of the operation. A very simple but effective control method worked
out for use in Nepal iw by treating the eggs which have completed the early develop—
mental stages (i.e., when the blastoderm has almost encloeed the yolk mess and shortly
baforg\the blastopore is closed) in a solution of 5-10 g tannin jin 10 1 clean drinking
-water

During the treatment, a funnel is placed on the feeding pipe of the hatching
device through vhich ebout 0,5 1 tannin aolution and the same voiume of water are
added alternstively. In one device, 2=4 1 tannin solution is given at e time and
the itreatment is repeated two or three timea for 3-4 hour periods, The last treat-
ment is done when the tail of the embryo has grown to about half its gize and the
yolk sao is still round in shape, Ususlly, the first treatmeni is done 67 hours
after fertilization and the last one 6.8 hours bafore the hatching ie expected,

The tannin solution makes the egg shell stiff and prevents infection by baoteria
and fungus, The larvae hatched from tammin-treated egge have been obssrved to be very
healthy and without any after—-effacts,

Hatohing of the egra

The unfertiliged or damaged eggs get disintegrated or bacome white and float
above the good omes, They must ba removed by caraful siphoning,

, If the temperature of water within the inoubator is 22-25°C, the hatehinf of the
egge is genérally completed after 32-35 hours, If the temperature is higher 26=28"C)
the time taken is aboul 24-28 hours only,

The healthy larvas of the Chinese carps start to swim vertically immediately
after hatohing. Eventually they ewim out of the jars or funnelg and mo it is necep=
sary to colleot the overflowing water into a hapa (0.6-0.8 nm mesh). In the case
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of sisve-oloth funnela, ths larvas cannot swim over and mso they can be scooped out
vhen a greater _nul'ber are alresady hatched.

- During the hatching period, the npeed of inflowing water ineide the hatohing
devioe should bs lessened,

4:3.6.9 Fursing larvae and fry

The larvas swim continuously on the first day after hatching, but by the mecend
day they generally settle down on the bottom of the hape., At this period, many of
.them may die if the oxygen supply at the bottom of the hapa is not adequate, On the
third day, they asgain start to swim along the walle of the hapa, The pi@nenta:tiono
of body etarts by this time, By the fourth day, if the water temperature is 21.22°0,
the larves fill up their air-bladders with air (it is called air swallowing) and swim
swiftly, The larvas are now ready to feed,

If thers are no facilities in the hatchery for fesding the larvas, they must be
tranaferted to emall nursery ponde, The Ffirat food iteme of the herbivorous oarp iry
ars Rotnioria and bigger single-celled animals, mostly Ciliata,

During the development of the larvas, the main cause of mortality may he predation
by Cyclops. If river water is used in the hatohery, Cyclops infestation can be pre-
vented, Otherwise, non-persistent pesticides may be applied in very low concentration
(1 ppn or lees) for killing the amimale., (Experimente using the locally available
pesticides should be conducted beforehand, )

The development of the larvae dependas on the water temperature, as shown belowu

Temperaturs % Period of larval development !c_i_axs!

20-22 4-6
2025 : 3-4
25-30 2-3

44346,10  Some general notes regarding nursery ponds

i. The nursery ponds used for herbivorous carpa should be kept dry when they
are not uaed or at least 2.3 months before the rearing asason starta.

ii. The irundation of nursery ponds should be started 34 deys before the stooking
through a emall mesh screen or a filtering device,

iii, Adequate manuring and fertilizing should be done in order to increase the
plankton content.

iv, The fry should be fed artificially from the first day onwards with soybean
milk (soybesn flour dissolved in water) and/or boiled egg yolk powder, After
10 days, fish meal or meat meal with maize flour may be supplied at the rate
of about 1 kg food mixture per day for 100 000 fry.

vs The number of early fry to be stocked in nuresery ponde will depend on the
quantity of natural food available, Usually 150=500 fry are stocked in 1 m
nurgery pond surface,

2
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The early fry of Chinese oarps may get infeoted with Prichodins sp. or
other protogoan parasiies, Treatment with a 0.5 peroenf solution of ocommon
sali pay prove effective againet these parasites., The treaiment time may
be about 5=15 min depending on the health condition of the fry, Howsver,
before undertaking mass treztment, trials should be conduoted with & few
fry so that the appropriste dosages and duration of treatment may be worked
outs




Pig. 1

Small contour ponds built along & cansl. s Focder canal.
B. River from which water is diverted. (¢. Inlst structure.
D. Overflow arrangement (the cutlet menks are not shown).
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Fig. 2 Contour ponda. A. The feeding siream (all the ponds have
individual inlet canals\ B. The draining stream (with the
i: {low canale), C. Outlet etructure, D, Filter chambers
to prevent entry of wild fish,
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Pig. 3 A mimple method for topographical survey, A, Spirit level.
B. Parts of the rear sight fixed on the spirit level.
C. PFinding the O point on the site which is exactly 1 m
higher than the spirit level. D, 1 m high table or stand.
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Fig. 4 Cross sections of damp with different types of slopes (height 2 n).

A, Normal dam., B. Easily erodable dam. (. Dam with 'slopa=shelf*
on the water side, a. dry side slope, a-1 slope of the water side,

b. dam crown, o, core tremch filled with good clayey soil, d, * nlope
shelf*, e. bench line, f. water level, g. pit from where the soil
for the dam is taken.




Pig. 5 Dike (dam or wall). A.

i |
Fil
—
—
A
\
\
i
LN
oY
_”1-
\
i
\:“\

Calculation of the dike volume with changing height.
T. Total volume: T1, T,4 Tas T,» Cross sections with different dam heighte:
84y 8,y 8, Length of ‘f’he ém&med part of the dam. The calculation im
according~to the equation:
. +7T T, +T T, + T
Twm 1 2 X 8y + 221::;24-}25:;3

B. Cross pection of a dike. b, water level, o. onter 'elope shelf®,
d., dike orown, ¢. base of the dike, f. water side alope {1: 1.5),
&. dry side slope, h. ocore trench filled with good clayey soil.
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Fig. 6 Brick wall ponds. A. Crose section, a. ocontowr brick wall (10 in wall),

b. dug out trench, o. filled uwp side, d. earth rammed on the dry side,
o, water lewel, f. original level of the site. B. A row of brick wall
ponds {cross section), a-1 dividing walle (5 in brick walls).




Fig. 1

/

Simple inlet made of brickes (plastered), constructed in a feeding canal,
& two pairs of grooves, b. metal screen, o. control board,
d. bemboo screen for controlling floating debris,

-
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Fig. 8 Monk (outlet structure of s fish pond). A. Monk tower,
&, two paire of grooves for control boards, B. Culvert of
the monk for draining the weter. C. Base of the monk.
D. Base of the sulvert,
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Fig. 9 Monk with wing wall. A. Tower of the monk, a. +three pairs of

Pig. 10 8 outlet structure) made of bricks, a. dike
& luice (open 5 ) . d: control

grooves for the soreen and coatrol boards, b. wing wall of
the monk tower. B. Culvert of the monk made of pre-cast pipes.
C. Base of the wonk tower. D. Casing of the culvert.

E. Head portion of the monk,

b. base of the sirusture, o. +two pairs of greoves,
boards, e, brick-work on dike meant to stop seepage,
f. 25.5 om wide brick wall, g. 12.7 om wide brick wall.




a cC ,C
/‘ /‘ / F7Z
Fd P4
€
4 e
IS OIIyY «"
/ / / ’ '7 / vi - - e TSy /
7 "’,// R, AR VA YR 5 / /;/
K "t'/f' ’!"I_, ’ R ':,"‘ /’l. .
Vi Sy A ) - .,’f/,« )J; f, s //
m B .‘\; p t) B o a // //
s z/;’ L iy 77
. e e e e 8 77
YA s e NN e
///] ‘
Wff% . 4 ~
[ . . 7
Y i A '_ (

/ \ ] f" '
; :! b (I
, &

strong vertical posta, b. supporting posts,

Fig. 11 Simple barrage, a.
horizontal logs to which planks are kept pressed,
e, earth wall on

O
d. wvertical planks pushed into the mud,
water level in canal,

bank of the river, f. cansl, g.

NN
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Fig., 13 Misoroscopio algae. A, Scme members of the Chloruphyts
goup. B, Some members of the Euglenophyte group.
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Fig. 14 A. DBlue green algae (Mixophyces)
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Fig. 15 Common Rotatoria 1n fieh ponde. A. Brachionus calyciflorus
(ventral view). Synchaeta sp. C. Notholca #p.
D. Polyarthra ﬂatxﬁem. E. Hexarthra mira. F. Brachio
falcatus G. Brachionus calyciflorus  (shell mﬂ.
11. Aeplanchna ep, 1. Conochilus ep. (colony). J. Filina sp.

+ Brachionus E aris (shell). L. Keratella ooehloanl.

Il. Keratella ta




Pig. 16 Common Cladocers in fish ponde. A, Diaphanosoma b
B. Daphnia pulex. C. Daphnia cucullata. D. Sida oristallina.

E. HNoina sp. F. Bosmina longirostris., (. Ephippium IuitE
fertilized eggs of Daphnis. H. Chidorus sp.
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Fig. 17 Common copepods, A. Diaptomus sp.w:l.'l;h)esg pace, B, 4 8p.
with egg sacs. £. Diaptomus {side view). D. Anz% iret
paired appendeage on head)} of a male Diaptomua. E. omus
larva (navplius). F¥. Cyolops larva (nsupiius). G. c:%voroul
cyclopoid feeding on chironomid larva.




Fig, 18 Importent fish food organimp living in pond mwd. A. Chirinomus
larva. B. Chironomus pupa. C. larva of Cheoborus plumicormis
(This larva livea above the pond bottom).

Fig. 19 (left) Mayfly (Ephemercptera)
pymph living in pond mud.

Fig, 21 (below) Backewimmer (adult).

(For Fig. 20 see following page)
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Fig. 20 Carnivorous insscte snd inseot lurvae. A, Lsrva of a damsel fly.
B. Water scorpion (Hepa #p). C. Larva of great diving beetls.
D. Water bestle (Bﬁlﬂ# #p). E. Backewimmer (young).
F. Water stick (Ramatrs). G. Oreat diving bestle. H. Hesd

of dragon fly nywph (larva) showing the extended 'mask'.
1. Hymph of dragon fly (side view) with the 'mask'sxtended.
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154 GROUPS OF
GROURS OF FOOD ORGANISMS (CUUTIATED FISHESYee rooorats

CARNIVOROUS
FISHES

8orronN
A FEEDERS

FEEDERS

= PHYTO-
TR < PLANKTON
SILVER CARP

Fig. 22 PFood and fish pyremids, First colmmn: 1, 1a Primary producers,
2, 2a. Seocndary producers, 3. Tertiary producers.
Second colunnt The pyramid of groups of organiem, 1. Planktonic
algae (micro-phytoplankion and filamentous algae), 1a. BEmerging
and submerged plants, 2. Zooplankton, 2a. BHottom fauna,
3. Weed fishes. Third column: The pyramid of fish groups with
different food hadits, The mein arrows indiocate the relative
sisen of the food ohain of the fish in que "ion, Fourth column:

Gexteral fish food habits.




-109 =

NUMBER OR WEIGHT OF THE POPULATION

Fig. 23 Produstion ourve, I. First (developing) phase, II. Second
(fd) production) phawe, Iil. Third (declining) phase.
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Pig., 24 MNeyer's bottle for collecting water samples from different
depths. A. Closed bottle B, BPBotile opened wnder water
with a jerk of the rope, &, weight fixed to the bottom of
the bottle (prefarably of lead).




Fig. 25 Flankton nat. A. Neasuremente of materials used
B, Completed met C. Plankton dbucket, d. rubber tube,
e, pineh olamp, f, ring with handle.
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Pig, 26 Colwmn water sampler. a. hard plastio tube, b. etring,
o. wstopper.
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Fig. 27 Different forms of the scaly common oarp. A. Cultivated
form with flat body B. Cultiveted form with elongated
body C. Wild forw in natural waters.
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Pig. 28 Cultivated forms of the common carp. A, Nirror carp
B. Mirror carp with scales along the lateral line,
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Fig. 29 Simple water filtering structure, a. row of planted poles,
b. wmtoxe chips (or twig bundleai. ¢. piled wp moil along
the canal, d. dug out portion of the canal.
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Fig. 30 Stone chips chamber filter. A. View from above
B, Cross section, a. broad chamber, b. wood or metal
scresn to kesp the stone chips in position, c. wtcne chips.
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(flat bricke laid with gaps

mmall stons chips or small grevel,

- 17 -
LT g

phh
drain valve,
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conorete sladb 1lid.

coarse sand,

Ce

bottom of the filter chamber
-3

bigger stonee and stone chips,

outflow pipe,

b.
L]
z.
h.
k.

Fig. 31 Reverss water filter (cross seotiem), a. inflow pipe,
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FPig. 312 Food relationship in a pond stocked with a mixed fish population
_ (oommon ocarp, grass oarp, silver oarp, bighead). A. Solar

Ner B. oro~phytoplankton. C. Zooplanktone D. Bottom animals,
-E_._Pg;_ogll_mkton feeder (eilver ocarp), F=1 Grass oarp
as consuner of emergiiig  (hard)planta, F-2 (rass carp ss consuner
of submerged (woft) plants. 0. Zooplankton and bi phytoplankton
feeder {bighead) H-1 Bottom fesder (common carp) H-2 Common

. oarp as zooplankion feeder H-3 Common carp as feeder of animals
living on the plants 1. Emerging weeds K. Submerged weeds
L. Pond mud rioch in organic matter W. Manuring or fertilising
provides food for the phytoplankton 'G' snd sooplankion °C', enriches
the mud directly and indirectly, (4) and affects the growth of the
water weeds as well (i) and (k{.




Fig. 3} Larva of the great diving beetle
catching a fish fry.

Pig. 34 Water bug (Heps sp) grabdbing
& fingerling.

- 6Lt -

Fig. 35 BRanatra sp. waiting in ambush to catoh fingerlings.
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Pig. 36 Snake trup. A. Pabrication of parts, a. oylindricsl part
b conical part, c. imner ring of the conioal part,
d. removable conionl part.




Fig. 38 Life oycle of loht thiriue sp. 4. Carp infeoted
with the parseite EE&. spots on the head, fine and

body) B, Parssite (1-1.5 mm) living in the skin
tissue of the fish €. Moture parasite leaving the
fish for propagation D. Cyst with developing young
parasiten E, Larvas (0.0%5 mm) of the parasite
leaving the oyet, swimming free in the water and
beooming attached to host fish. (they ean live free

for three days only).
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Pig. 39 Two common gill werms. A.M%ﬂgg% tus (ventrsl and
latersl views), a. the s, B, us g,geu
(ventral and latersl views), b. hooks. C. 1. o

s 2. Larvas (miracidia) developing in the eogg,
' larvae (miracidia),
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Fg. 40 Two types of milt colleotors. A. Nilt collector
for common carp and grass carp. B. Milt ocollector pipstte.
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Pig. 41 Soall hapa for rearing hatohlings. a. sieve-cloth sides
and bottom, b. upper part mede of linen cloth, <. loops,
d. wooden frams.

Pig. 422 Vater strainer drum. w». oylinder made with ohicken wire mesh,
be fine mosquito net oloth stretched over the oylinder,
o« wWater upply vipe.
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Fig. 43 Device to ohange the botitom water in a basin. a. wall of the
basin, ©. botiom of the basin, ¢. water level, d. iron elbow
smbedded in the bottom of the draining canal, e. hard plastio
pipe to maintain water level, f, direction of water flow,
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Fig. 45

25cem | linen cloth

e o wr ow mmom k omeomm tEm ow T om m me e e e e mm s mm e i e dw e e e —m

I4zm sieve cloth mesh.C6-08 %

42 cm linen cloth

Sleve=cloth plastic fumnel. A. Dimensions of a mediwm eize
fwmel. B, Parts of the funnel. a. cane ring, b, etretching
ring, o. wsieve cloth, d. 1linen oloth, e. mnozzls, f. water
dil‘tﬂ'b‘lﬂor, [ lew' h., water l‘upply Pip.' i. 1‘-0.]!'

k. water main, 1. rows of holes on the water distributer,

m. ring of splis plastic pipe to keep the water distributor in
position, n. screws and mute, o. plug on the top of the
water distributor,
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Fig. 46 Munction of the sieve-cloth funnel

in a twin cement basin. A. Position of the

hatchery funnel, B. Position of the hatchery funnel when
the egge begin to hatch (the larvee can swim out from the
funnel and will be automatically collected in the rearing
bapa). D. UWater supply pipe with taps. E. Walle of the
twin basin in oross section, F. Shower providing water
flow under the rearing hapa.
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Pig. 47 Sooop met (both ends open) for ostching brood fish.




Pig. 48 Special hammock for long-distance iransport of brood fieh.
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