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FOREWORD

This "Elementary Guide to Fish Culture in Nepal" is designed for practical use in the
training of extension workers and progressive fish farmers in the techniques of fish culture.
Recent experience in a pilot commercial fish culture demonstration in Nepal has shown that
it has a promising future in this land-locked country.

The guide was written by Dr. Elek Woynarovich, FAQ Inland Fishery Biclogist, during his
assignment in Nepal on the FAQO/UNDP Inland Fishery Biology Project (DP/NEP/58/008) between
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 ponds
and their construction", the "biological background of fish production in pondse" and "figh
culture” through the"propagation of cultivated fishes". Included are 49 drawings by the
author; which depict the various factors involved in fish culture. 'The cover photograph
shows part of the first catch of carp at the Govermnment's Pipley Fish Farm.

Grateful acknowledgement is made for the financial assistance provided for the
publication of this document by funds contributed from the joint Uneg’co/FFHC Gift Coupon
Project 390 "Food for all Mankind".




The designations employed and the presentation of the material in this document
do not imply the expression of any opinion whatsoever on the part of the United Nations
or the Food and Agriculture Organisation of the United Nations oconcerning the legasl or
constitutional status of any couniry, territory or ses 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 is far below the demand, it is
only very recently that sufficient interest has generated toward developing fish
culture in the country. During the last decade two commercial fish farms, two small
fish farms and three fish breeding centres iLave been established. In addition to
these a few private fish ponds and fams are also functioning in different parts of
the country. On the basis of the experience gained from these enterprises, it hes
been concluded that fish culture has a bright future in thie land~locked country.

The productivity of the ponds is very high and the growth of the different
oultivated species is excellent. The growing season for the fish is more than twice
that in most European countries. The economics of fish culture operations appear to
be favourable anmd the protein-food produced in the ponds is less expensive than in
other sectors of animal husbandry.

In the different types of freshwater gystems of the wqrld there exist a large
number of fish species having widely differing characteristicse All these species
are not suited for cultivation. Some of them do not grow bigger than a finger length,
while some others are very sensitive and cannot survive culture conditions. Many of
them are carnivorous types, which predate on the smaller fishes. The species which
have been traditionally chosen for culture are: common carp = the oldest cultivated
fish, grass carp, silver carp, big-head carp, three or four species of Indian major
carps, selected catfishes, trout, etc.

Experience has taught that some species of fishes grow large and murturing them
in confined water does not affect their growth properties, provided an adequate
amount of food is available, either produced naturally or supplied artificially.
Under certein conditions some of thease fishes have a2lso propagated themselves in
impounded waterss These species have established themselves as cultured species and
one or more of them are now being stocked in fish ponds. Presence of undesirable
fishes in & fish pond will hamper the growth of the cultured ones by consuming at
least a 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
basic principle involved is the conversion of cheap food material and offal into the
highly esteemed and protein-rich fish meant for human consumption.

The basic requirement for fish oulture is the fisl pond. Different types of
fish ponds, such as nursery ponds, rearing ponds and stu.king ponds, are essential
components in the ochain of activities resulting in the production of market size fish.

In general, all fish culture practices involve breeding and stocking, measures
‘to increase natural food, artifiocial feeding, disease and parasite control, removal
of undesirable aquatic vegetation and weed fishes, harvesting, marketing, etc. The
firat atep in fish culture relates to merely stocking of suitable species or combina-
tion of species in the pond and harvesting when the fishes reach marketable size.
The second step involves the elimination of unwanted or wild organisms from the pond
before stocking the desireble species. At this stage the productivity of the water
varies, depending on the condition of the bottom soil and the fertility of the water.
The next step relates to the use of manures or fertilizers to increase the production
of natural food organiams in the water. The fourth stage involves artificial feeding
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anl henoe the production varies, depending upon the effioleney of the ape
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vated and the nuiritive value of the feeds The fifth atage relates to culture with
intensive feeding rates in running waters, which process eliminates the waste produots.

THE FISH POND 'AND ITS CONSTRUCTION

General Remarks on Fish Pondg

Fish culture is the art of raising and growing fish under controlled conditions
in order to achieve the maximum yield, The fish pond needs a stable water source end
the water should contain necessary energy, nutrients and fish food organisms. The
growth of natural food can be promoted by regular and rational fertilization a.'a.fl/cr
menuring. If artificial food also is to be added, a profitable ratio between the
natural and artificial food will have to be maintained. The number of fish in a
given area (mtock density) will be directly related to the fertilization and feeding
programmes. Other important tasks in fish culture activities are construction and
meintenance of ponds, cropping, transport, etc.

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

A number of fish ponds integrated econemically into a production unit is
referred to as a fish farme Such a fish farm will have different types of ponds, vig.,
segregation pond (for the segregation of brood fish), spawning ponds, nursery ponds,
rearing ponds and production pondse These different types of ponds vary mainly in
size, depth and type of management.

Economic Size of Fish Pond_s v

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 pord satip-
fying all necessary conditions may perhaps be good for fishes fed entirely on
balanced food but not 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 ecological conditions. JFor instance, in Hungary production ponds may not be
less than 15 ha and the economic size is considered to be 5=100 has In Israel, where
water shortage is a serious problem and fish oculture is therefore very intensive,
ponds of 5~20 ha are considered as large ones. In Nepal, esince land suitable for fish
pond construction is rather expensive, the economic size may be from 500 m2 to 1 ha,
end production ponds in farms may be about 0.5 to 5 hae.

Economic Depth of Fish Ponds

The optimum depth conditions for fish ponds in Nepal have not yet been determined.
However, based on the experience gained in Furopean countries, it may be stated that
the fish ponds in this country should not be deeper than 1¢5 me In Burope, the carp
ronds with an average depth of 1 m are considered to be most economice
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Certain types of ponds, like breeding and nursery pords, aré generally built
ghallow and can be dried during the greater half of the year in order to destroy the
weedsa. :

Deeper ponds need stronger wallss Further, the cost of construction of such
deeper ponds would be high as the portion above the water level algo has to be propor-
tionately highers. In deeper waters, if turbidity occurs, sun rays do not penetrate
down ;o the bottom resulting in the fomation of unproductive bottom zones (desert
ZONes) s

Types of Fish Ponds

Segregation, spawning and nursery ponds

The size of a segregation pond will depend on the number of brood fish to be
stockeds If only light feeding is proposed, 25-30 m“ of water area can be expected to
provide natural food for one brood fish and if intensive feeding is contemplated,
10-15 m? will be the minimum area for one fish. The best depth will be 1-145 me

A typical spawning pond may not be more than 1 000 m2 in area and of an average
depth of 0+7=0.8 me Such a pond will have to stand drying during off seasons.

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

1o 2,.4. 2 Barrage ponds

Barrage ponds are made by constructing a wall across a gently sloping flat
'valley', with a small stream as the source of water. The mides of the ponds are
formed by the slopes of the valley and a series of ponds can thus be made, the water
passing down from one pond to anothers Such ponds should not be constructed in
areas which are liable to large-scale floodings In order to avoid normal flooding, a
spillway may be constructed as described later in this manual. Improved versions of
such ponds can be made by diverting the water from the stream by means of an arti-
ficial canal which can feed the different ponds separately.

It is not advisable to construct barrage ponds in the broad river beds in Nepal,
However, construction of such ponds may be feasible in the drier regions of the
country. The abandoned or old river beds, resulting from the diversion of the water
courses to new sites, can be conveniently used for constructing such fish ponds,
meking use of natursl depressions and slightly sloping places within such areas.

1e2¢4e3 Contour ponds

Contour ponds are constructed along the side of a valley, the bottom being of a
slightly sloping contoure The water source can be & canal, river or reservoir (see
FMgures 1 and 2),




12444 Paddy ponds

Paddy ponds are constructed on flat ground by building the dikes on all four
gides and are fed by a canal or ditch from a river. This type of pond is compara~
tively larger but more expensive than others. It is cheaper to construct bigger
ponds, 28 illustrated in the following example:

a 400 m long dike will enclose a 1 ha pond, costing about N.Re. 18 000; an 800 m
long dike will result in 4 ha costing NeRse 9 000 per ha and a 1 200 m long wall
will produce a 9 ha area costing N.Rss. 6 000 per hae

1020405 Undrainable ponds

1025

The traditional method of comstructing ponds has been to dig out 2-3 m deep in a
gsuitable area in which water accumulates either from rainfall or seepage from the
bottoms Currently, such dug-out ponds are constructed only in special circumstances,
such as when s0il is needed for other purposes or when the size of the pond is small,.

In some regions of Nepal there are areas with a high water table and sand or
gravel subsoil where non-drainable or dug-out ponds may be congtructed. 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 detrimental. Even natural or artifiocial
excavations can be modified into such ponds. However, the dug-out ponds have some
serious limitations. Harvesting and preventing wild fishes entering into the pond
would be difficulte Cost of comstruction can be attractive only for ponds of less of
than 500 m? in area. An example of the higher cost of construction of bigger ponds
is given below?

In a dug-out pond area of 1 ha, 20 000 m3 earth must be removed for 2 m of depthe

With this much soil, a 1 330 m long dike of 123 slope, 1.5 m crown width and 2 m

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

Other disadvantages of undrainable ponds ares the ponds cannot be dried, which
is essential for modern fish culture practicesj; organic detritus will accumilate at
the bottom after some years, which can result in large-scale fish mortality; it is
rather difficult to control parasites, diseases and weeds; the production rate is
comparatively less in undrainable ponds, and intenmive fish culture by feeding and
fertilization is more difficult in undrainable ponds.

Construction of Fish Ponds

A oonsiderable amount of planning and designing is necessary for the construction
of efficient fish pondse Although the choice of the design is very wide, it is neces-
sary to arrive at a compromise as regards the ease of construction and cost involved.
The basic principle to be borne in mind in designing a fish pond is that the construo-
tion phagse will lest 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
bilologist = who knows best about the requirements of a fish pond for achieving best
production and the engineer who knows about the possibilities and cost of construo-
tion = jointly discuse the various pros anl cons apl finalize the most suitable
design for the selected locality. It may so happen that the fish culturist himself
may have to do the designing and oconstruotion worzk anmi so it is essential that the
basic details concerning the comstruction of fish ponds are reviewed here.



1¢2¢541 Topographical survey ard design

A topographical survey in the present context does not necessarily mean a diffi-
cult and special’zed operation, which must be undertaken only by a qualified engineer.
However, when a fish fam is contemplated, it would be necessary to get the services
of a ocivil engineer.

For the purposs of making a topographical survey by the fish cﬁlturiat himself,
the ‘basic equipment required is a small table of 1 m height, & spirit level (generally
used by masons 1 prefera.?ly with a rear sight as provided in a gun, and a simple

measuring tape \Figure 3).

The first step in the survey operation will be to decide the line along which the
main dike is to be constructed. If the site in question is in a broad depression,
this line for the main wall should be in the deeper region where the depression is
narrowests If it is proposed to construct more than one pond in & long and sloping
terrain or depression, the survey may be started from the deepest areas The line of
the proposed main dike should be marked by fixing pegs and the table should be placed
in the middle of the line taking care to see that the top surface is horizontale The
gpirit level is then placed on the table and levelled horizontally with the help of
small wooden pieces. Then, looking through the rear sight or along the top surface of
the spirit level, the point »n the site which is at the same height cen be marked with
a pegs Then the spirit level should be moved radially in order to mark amd peg the
points at the same level across the areas 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 levelss Or, if there is 2 m deep water at the site where the table is placed,
the depth of water along the pegged line will be 1 me Since it will not be desirable
to have more than 1.5 m average depth in a fish pond, and the shallowest part should
not be less than 0.5 m, the enclosing dike shomnld be constructed on the pegged line.
If the earth necessary for the dike is to be taken from the future pond bottom, the
gite for the enclosing dike can be shifted further accordingly.

After fixing the approximate line of the second dike, subsequent parts may be
marked out in the same way, and then the distances should be measured and recorded.

1026542 Selection of a suitable site

The success and profitability of a fish pond or farm depends primarily on the
gelection of the sites Firstly, the type of land suitable for fish ponds must be
considerede In general, sites which are known to be not good for profitable agricul-
ture should be considered firste It may also be deairable to reclaim unutilized
swampy areass While it may be proper to think that by adopting proper management
prectices a fish pond can yield high returns, it is always better to choose those
sites where agricultural orop production is rather low or does not exist at alle This
means to pay that the best policy for developing areas for fish culture would be to
utilize unused or reclaimed areas for construction of fish pondse '

The following factors have to be taken into consideration in the selection of
fish pond sites: if the site chosen is topographically suitable and the design
utilizes naturel slopes, deeper areas, etc. and necessary oanals exist, the pond will
work out to be cheaper aml betters A pond made by utilizing natural contours fits
itself into the landscape better than one made with rectangular walls.’

The genersl factors to be taken into consideration before selection of the site
ares marketing and trensport facilities; availability of fertilizers and fish food.

A pond should not border government roads amd canals, and tel ephone and electri-
city poles should not stand in the water.
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Soil

Generally ampeaking, gravelly, sandy and peaty soils which allow high rates of
seepage are not suiteble for fish pond construction. Clay soil has the highest water
holding capacity. 1In order to be certain about the character of the soil at the
selected site, it is mecessary to study the soil down to 2 me If there is any doubt
reganding the soil oharacteristics, it would be necessary to get the samples analysed
by & competent soil chemist.

In addition to the quality of the soil, another factor to be considered is the
quentity of earth required for the embankments. In general, it is observed that if
the fertile top soil is removed for wall construction, the productivity of the pond
will suffer and only after a long time will a new fertile layer of top soil develop
on the pond botioms

102e 5.4 Water

Availability of suffioient water to fill the ponds and maintain the required
level throughout the production phase is one of the essential prerequisites for
selecting the sites The quantity of water supply requi»ad for a fish pond depends on
its capacity and on the quality of the subsoils The quantity of water that will be
required for a 1 ha pond, if the average depth is 1+5 m, will be ;5 000 m3, plus
25=50 percent to cover losses, i.es a total of 19 000 to 23 000 m°. The rate of eva-
poration depends on temperature and humidity. (It will be reasonable to calculate
25-50 percent more water, as the bottom s0il and walls will allow a certain amount of
percolation.) A basis for rough calculation of the quantity of water to maintain a
given vater level is from the fant 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 11
per second per ha is available, the same also may be considered just adequate. Evapo-
ration date for Nepal are not yet available and hence the above figures have been
obtained from another subtropical country.

A great mess of water running into the fish pond will be very much detrimental to
preduction, as the surplus water flowing out will wash out the fertilizers, nutrients,
food orgeniems developed in the pond, etc.

Nearness of the source of water is important for the ecomomics of pond construo-
tions The water can be diverted from a river, allowed to flow in directly from other
sources or through a feeder canal, The same feeding anl drain canals can serve many
ponds, which of course is desireble, as the non-productive water structures (liko
canals) should be the barest minimume . .

In most cases natural water or spring water is qualitatively suitable for use in
fish pondss Qenerelly speaking, if a source of water is good for irrigation or for
human use, the same may also be suitable for fish culture.

The water source should be free from pollutants. At present this danger does not
exist in Nepal but the problem of polluted waters, especially pesticide-polluted ones
getting into fishery waters, must be avoided.

The desireble pH of the water is between 7 and 8.8 and waters with pH values
below 6 are not quite suitable for fish ponis.

The somcalled mineral waters with high contents of dissolved chemical compounde
(2 000 ppm), can be used only in limited extent for oarp culture and it is necessary
to mix such water with normal surface water for use in breeding pondse.



The water in & pond is considered as "living water", i.e. it is inhabited by
different types of organisms like bacteria, algae, small and big animals, weeds, etc.
These organisms play & very important role in the produotion process in the pond
waters The water drawn from a tube well will have no major living organisms and this
is oconcidered as "dead water" for fish culture purposes. River water is generally
poor in respect to its living matter content. On & rough estimate, it takes at least
3 to 10 days, depending upon the temperature anmd other ecologicel factors, to convert
"dead water" to "living water".

102¢545.- Measurement of water quantity in a river or canal

Although there are different methods and instruments to measure the quantity of
water in natural sources, a simple method which can be adopted by the layman is
desoribed belows In this method the veloocity of the water current is messured ami,
by ocaloulating the oross-section of the water body, the actual water quantity ocan be
detemined.

A simple rough method to measure the veloocity of water is to float a thin stick,
the length of which is almost the same as the water depth to one end of which is
attached a piece of metal or stone which will make it stand on the water about
10-=-15 cm above the surface, and measure the time taken Ly the stick to move between
two measured points, sbout 20-30 m apart, on the shore. The distance (in m) between
the two points, divided by the time teken for the stick 4o move betwaen the two points
in seconds, will give the average velocity of the water ocurrent (V). Then, the
average cross section of the water zone between the two points may be estimated by
measuring the average depth and the width of the water and, by multiplying these, the
cross-section can be obtained in mZ.

The quantity of water flowing (Q) in m3/seo is2

Q=F=xV

When F = the cross~gection of tpe wvater zone in m2
and V = the velocity (in seconds) of the water current

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

1.205.6 The pond size and yield

The carp ponds in Europe vary very much in respeot to their sises, the smallest
being less than 1 ha and the large ones several humired ha. It will not be possibdle
to follow such examples in Nepal. For practical purposes the fish ponds may be
divided as followss

Small pond - under O.1 ha

Medium pond = between 0,1 and 1 ha
Moderately large pond = between 1 and 5 ha
Large pond = over 5 ha

However, in this connexion, it may be noted that from the production point of
view, the sise of the pond is not s important as the management prectices. By adop~
ting intensive production methods, substantislly high rates of production can dbe
obtained from smaller ponde, which will compare favourably with the retes obtained
from large ponds adopting extensive production techniques. By adopting proper feeding
and fertilization techniques a crop of 1=2 t per year per ha can be obtained and,




using only common carp with intensive feeding amd fertilization, 0.8 to 1.5 t per year
oan be achieveds Ordinary family needs can be met from a small size pond, while medium
size ponds can cater to the needs of meotions of villages.

1020507 The structures of a fish pond
The following structures may be dimtinguished in a fish pond (or fish farm)s

Earthen struotures

i, dikes (walls or dams),

ii. harvesting pit (oropping pit or canal),
iii. oanals (inlets and outlets),

iv. Beepage trench. .

Built~up structures of concrete, bricks or stone

i. inlet culverts
ii, monke
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 drainable fish pond, as they
oonfine the water inside (Figure 4). While the walls of the same pond may differ in
sige and strength, different kinds of ponds also will have to be provided with varying
types of walls. For all practical purposes the types of walls clearly distinguishable
are the main walls, walles holding water only on one side and walls that divide two
ponds holding water.

The main wall of & pond is the highest one, constructed on the deepest part of
the pond areas This wall has to resist the maximum water pressure and the danger of
seepage through it is also the greatest. 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 construction of such a wall, care has to be taken to remove the top soil at the
base and dig a core trench properly, which is to be filled with good water-proof clay
soile If the soil is poor a core of good soil must 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 be carefully constructed, provided
with a core trench and made after removing the top scil at the base. The slope of the
dry side of the wall ocan be steeper than on the wet side. A trench should be cut
along the dry side of the wall, about 3~5 m from the base, in which water aeeping out
of the pond oan collect and so that it does not spread in different oireotions making
the entire area slushy. The water level in this seepage trench can be controlled by
& simple struoture or by making a crose-earth wall,

The wall which separates two ponds (thus both sides of the wall being wet) built
in a series (barrage ponds) or side by side (contour amd paddy ponds), has to with-
stand water pressure on both sides. Seepage water in such cases is not wasted, and mo
the wall can be constructed in most ocases without core trenches and by removing only
the top soil after cutting up to the base.

The slope and width o o A well chosen slope and adequate width of the
dike orown determines the strength and life span of a dike. A wrongly designed and
construoted wall will require annual repairs entailing considerable recurring expen-
diture. Brick or stone walls of ponds only oan be built vertically and the sides of
earthen dikes should have slopes, The gredient (inclination) of the slope is indicated




as the proportion of the height of the wall to its basal widthe Thus, if the width is
the same as the height, the slope is indicated as 1213 if one and 8 half times the
height, 131.5; and if twice the height, 1:2.

The actual slope of the dike will depend on the type of soil and the height
required. Good olayey soil allows & stecper slope than the sandy clay or sandy soil.
When the height of the dike is near or over 2 my, it is necessary to make it more
sloping.

In the case of high dikes, especially the main ones, it is advisable to comstruot
& "bench" under the expecied water level, the width of which may vary between 0.5 to
1

m, depending on the height of the wall anmd the eize of the pond.

The width of the orown (crest) depends on the height of the dike and should not
generally be less than 1 me A 2 m high dike will need & 152 m wide crown. A 3.5 m
high dike will not be able to withstand the water pressure if the crown is not as
wide as the actual height. In cases where & road or track is required to be laid on -
the dike, the width of the oxrown should be at least 3 ms

Calculation of earth woxk ‘F:I.ggt_'e 5). The method of celculation of earth work
required for construotion of dikes will be clear from the following exemples:

Example 1

Depth of water along the main wall = 1 m
Designed height of the wall - 15 m
Crest width = 1m
Slope = 1815 m

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

If the slope is decided as 132, then the width of the wall base will bet
dm+3m+1mneTm

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

2025 X 165 + 105 X 1a5 = 4,875 m3

For the same wall with 122 slope, the quantity will bet
IXT 15+ 1X 15 =m60m

Example 2

Depth of water -2m
Height of the wall -3m
Crest width - 2:5m
Slope - 123

The width of wall base will bet
9+2.5+9-20.5m

The quantity of earth nooeuaiw for 1 m long walls
9X3+25x3 =3e5m

If in the same dike the slope is changed to 182,5 aml the orest is 2 m wide, the
wall bage will Vet

TeS5md2m+ Te5 1T

and the quantity of earth ngoeua:y for 1 m long wall will bes
(Te5+2) x3 «28:5m




(The calculation of quantity of earth is, in simple terms, the horizontal projeo~
tion on one side of the wall ( caloulated from the slope) plus the crest widtk,
multiplied by the height of the wall.)

In case the two slopes of a wall are nmot the same, as in the case of one side
being wet amd the other dry, the calculation will be as followst

Depth of water - 1m
Height of the wall - 15 m
Crest width -1m
Slope on the wet side - 122
Slope on the dry side - 121

The width at the bame of the wall will bet
15 X2+ 14 15 =55nm

The quantity of earth necessary for a2 1 m long wall will therefore be:

hﬁ}"—3+1.5z1+l=5-’5-1—'5-4.a75m3

(In order to make allowance for settling of loose earth, the height of all types
of walls must be about 25 percent more at the time of conastruction.)

Source of earthe The most economical way of getting earth for making the dikes
is to dig it out along the proposed lines« It has, however, to be ensured that the
rroposed pond aml the pits are drainables The pit should not be deep and a "bench"
sbout 3 to 5 m wide and with undisturbed top soil must be left between the dike and
the pits In this way the upper fertile layer of soil on the bottom of the pond will
be left undisturbed.

When the pond is constructed in a depression, the earth necessary for wall cons-
truction can be cut partly cr fully from the sides, thus meking the pond area bigger
than originally planned.

After all the related data for the construction of the wall have been gathered,
a suitable design for the pond may be drawne On the basis of such a design the dike
lines can be pegged along with the contour of the pits from which the necessary earth
will be taken out. )

Pegging 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 find convenient, resulting
in irregular pits which may ceuse difficulty in draining amd cropping operations,

The pegging operations can be understood easily from an illustration. The axis
of the wall with a base of T m is first pegged and then the sides are demarcated.
Subsequently, one side of the pit from which earth is to be cut may be pegged leaving
& 3 to 5 m wide area between the wall base and the pite Sometimes it may be neces-
sary to maxk the line of the core trench also but this can generally be omitted by
giving suitable instructions to labourers that, after removing the top soil from the
wall base, they should dig along the central axis of the wall a 1 m wide and 1 m deep
trench.

If it is calculated that 1 m length of the wall will require 5 m3 of earth, the
opposite side of the pit may be pegged 12 m away from the first line marking the side
neayrer the dike. It is generally not advisable to dig pits deeper than 0.5 m, which
will place the width of the pit at about 10 me But in actusl practice it is essential
that the top soil for about 5 cm should be discarded for dike construction and hence
the additional 2 m width is indicateds If there are any higher elevations in the
area, this can be removed fully and the soil used for making the dikes.
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How to construct the walls After pegging the wall lines it would be necessary to
remove all debris, roots, stones, etce, from the marked arez and remove the top soil
up to 5=10 cm depthe The top soil may be heaped up along the bench of the wall in
between the bage ard the pit site, which could be later spread on the slope of the
walle Thus grass can easlily get established on the slope of the new wall quickly, to
prevent erosion. If the area is marshy it will be necessary to remove the top soil
as deep as the layer of deogying orgenic matter and debris.

The next operation will be the cutting of a2 trench of 1 m depth and 1 m width
along the axis of the walle If, however, the soil is very good for wall construction,
the area is not infested with temites (white ants) and the pord is not deeper than
=15 my, 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 should be dug deeper, making certain
that an adequate connexion between the "living soil" of the wall bame and the cons-
truoted wall exists. The earth dug out of the core trench should be kept on the
opposite aside,

After checking the dimensions of the core trench, it oan be filled with good
clayey soily packed layer by layer. Simultaneously the wall construction may also
begine If there are different types of soil present, the better ones must be placed
over the centre of the trench and on the wet side of the wall.

tthen the wall ise almost ready, the profiles are to be made with wooden slats as
high and wide as the designed height and crest of the wall amd the inclination of
slope indicated by strings stretched between the top of the wooden slat and the peg
marking the side of wall bases :

The last phase in tho construction of the wall is "fitting out™, in which the
clods of earth are broken into bits and properly packed according to the profile set
up and the top soil kept epart is spread on the slopes The pit aleo must be evened
and levelled,

The top soil covering will help in the establishment of grass quickly, but in
many circumstances it may be advisable to place adequateamount of turf on the slope to
hagten the growth of grass.

The bottom of the pond must be cleared of debris, stones, etce, so that there
will be no difficulty for fishing operations. Unevenness and heaps of soil left on
the pond bottom will eventually be levelled when the pond is filled with water.

Fonds constructed with brick walls (Fig\_x_re 6)c In Nepal, where land is very

expensive, construction of fish ponds with brick walla may be advantageous in many
situationss 1In the case of small and long epawning and nursery ponds, about 40 to

50 percent of the area available will be required for the construction of earthen
dikes. The same purpose oan, however, be merved by constructing brick walle supported
on both sides with soil, so that the whole structure will be 25 cm wide. Such walle
should be at least 1.2 t0 1.5 m high to prevent large-scale seepage of water. The
bricks should be laid with cement mortar and the portion above the original ground
level may be plastereds One eide dry walls (contour walls) oan be constructed 25 cm
wide and the width of the separating walle on both sides may be 12.5 cme The greater
portion of such walls will be in the living soil and hence an adequately deep trench
is to be dug firste No brick base will be necessary and the wall cen be laid on
evenly out soils When the plastering has dried completely, patch up work may be done
wherever necessary. After this, ooil should be packed fimly on both eides of the
wall and soil filled up to the planned height.

It will be economical to incorporate the inlet and outlet structures in the brick
wall itself,




However, in general, brick walls coast 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 extra cost involved. Further, annual maintenance expenditure will
be much less in the case of brick walls, as compared to earthen dikes.

£ AL [ e \
ii. The harvesting pit (harv ing ditch harvesting canal)

The harvesting pit, or ditch or canal, as it may be termed, is an important struo-
ture of & drainable fish pond. In ponds of an area less than 0.5 ha, the pit may be
5 %0 20 m2 and in bigger ones it may be at the rate of 50 m? per ha. Howaver, in
ponds of an areamore than5 ha the pit may be between 500-600 m?

The harvesting pit should be constructed near the draining monk in the deepest h
part of the pond, dug as a long trench ebout 50 cm deeper than the surrounding area,

and in most cases perallel to the main walle The width of the pit may normally be

5-6 m and in any cese not more than 10 m, in order to facilitate easy notting. The *

side walls should be cut sloping and the bottom even ami level. It would be advisable

to provide a 1 m wide bench along the harvesting pit, on which the fishermen can walk

during netting operations. The bottom of the harvesting pit should be on the same

level as the "threshold"of the monk in order to facilitate draining. In order to avoid

rapid ailting, the pit may be dug 5-10 m away from the main wall of the pond,

In Europe, a "harvesting pond or pit" is constructed on the dry side of the wall,
Often the same harvesting pond is used for many ponds constructed "fan-like" in a
semiociroular desigre Each such pond is comnected to the harvesting pond by means of a
sluice gate to facilitate draining amd harvesting. In some cases mmall harvesting
pits of dimension 60 x 100 x 90 cm each are constructed with bricks under the outflow
pipes of nursery and rearing ponds, anil by fixing a "net box" inside the pit all fish
escaping through the outlet will be caught in it.

iii. Construction of canals

Two typee of canals are generelly associated with fish ponds, viz., inlet or
feeder canal and outlet or drain canale The drein canal has to be made deeper 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 speed of the current, and
can be calculated from the following equations

QeFxV

Hhorg Q is the water quantity transported in m3 s F ip the wet oxvse-gection
in m“ and V is the speed of water current in m per second.

It is known that, if the bottom of the canal has a elope of Oe1 %o 0e2 m in
1 000 m, the speed of water will be about 0.3 to 0e¢5 m poer second. Such a current is
desirable in an earthen canal, as & lesser velocity will result in repid silting while
a faster rate may erode the canal rapidly, If the bottom of the canal is 1 m wide and
the slope is 131.5, the wet cross-section under different water depths will bhes



Water transported
Water depth | Wet 2mao—ue§tion . ”
in m approxe. e spe ]
in 1/eec | m/sec 4in m”/day
0.1 0+ 11 33 2 800
0.2 0.26 T8 5 700
043 0.43 129 11 100
0.4 0.64 192 16 500
0+5 0.87 260 24 400

In general a canal with 1 m bottom width can transport sufficient quantity of
water to feed a medium size pond or a small farm. From the economic point of view it
is not advigable to construot feeder canals less than 1 m wide at the bottom.

In pituations where water supply may be inadequate during the dry seasonsy or
the seepage rate is appreciable, it would be advisable to comstruot feeder canals
with brick and cement mortars The walle of such canals may be vertical and enpported
on the outside with earths The velooity of water in gsuch cases can be fagter and
hence they may be of 0.s4~0.5 m width and with a bottom slope of 0+5=1 m per 1 000 m.
The maintenance cost of a brick canal under normal conditions will be muoh less than
that of an earthen canal..

It im desirable to have each fish pond capable of being filled and drained indi-
vidually. 1In certain cases, however, it has been possible to construct profitable
farms when the ponds lying in a long valley are connected in series so that they are
fed and drained one after another.

ive Structures made of concrete, bricks and stones ‘Fig_l_gee 7, 8, 9 and 10)

Such structures are meant to ensure a smooth water supply and dreinage. They
aleo prevent entry of wild fishes and escape of ocultured ones, The main structures
in a fish pond are the outlete and inleta: Spillways are necessary only in those
ponds where there is the danger of floods.

The dimensions of these structures will naturally be related directly to the
area of the ponde The capacity of the structures will depend on the marrowest region
which is umally the built~in-pipe or culvert. Some basic data on the water carrying
oapacity of pipes of different diameters are given below:

Diameter Water flow Water flow
in cm in 1/sec in m3/day
2.5 0e5 43
50 1.8 150
10.0 8.0 690
15.0 18.0 1 500
20,0 31,0 2 600
30.0 70,0 6 000
40.0 130,0 11 000
50.0 196.,0 17 000
60,0 280.0 24 000
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The ocapacity of a pipe can be caloulated using the following equations

v 2
Croes~sgection x 100 - r x 3.14 x 100
1

If the above value is multiplied by 86.4, the quantity of water flowing in m3
during 24 bours can be obtained.

Weter flow capacity in 1/sec =

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 nmot larger than 10-15 om diameter. For a pond of over
2.4 ha the pipe or culvert may be of 30 cm dismeter. Pipes of less than 10 cm dia-
moter should not be used as they moy get clogged.

Both the inlet and outlet structures in a fish pond must be provided with
suitable soreens or other devices in order to keep out wild fish as well as prevent
escape of cultivated fishs A large mesh screen should be fitted above the inlet in
order to prevent drifting debris from coming in.

In the case of water coming from a fall into the pond through a pipe, the best
way to prevent wild fish incursion will be to fix a screen basket under the falling
ourrent. The basket must be cleaned frequently to prevent clogging.

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 pairs of grooves may
be provided in the walls of the inflow canal for fixing of screens and control boardse

Qutlet structures ‘Figgrea 8 and 2!. Two types of outlet structures are commonly
used in larger fish ponds, the monk and the sluice. Both these structures can be used
as inlets also.

The mork is meant to regulate the water level automatically.and the outflowing
water can be discharged from ites surface, as well as from the bottome Each monk has
two main parts, 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 tower depends on the highest 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-
clent. Large ponds of over 4-5 ha should have.a monk with 40 cm wide opening. Each
monk should be provided with 2 pairs of grooves in which 2 boards can be inserted,
between which wet clay mey be packed tightly to check leakage of the water.

In the case of high monks it would be advantageous to construct wings as supports
to the tower,

Since both conorete and brick monks are heavy structures, adequately strong bases
heve to be provided for theme When the monk is construoted on undisturbed soil, a 30
to 50 om deep base should be provided under the tower, and a 15-20 m deep one under
the oculverts Such a base must be at least 30 cm wide on each side.: The bases can be
built with boulders and cement mortar. Good cement mortar can be made either with

1 part oement and 4 to 5 parte sand or 1 part cement, 2 parts sand and 4 parts stone
Oh’.plo

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

to 30 om under the oulvert and 50 to 60 cm wider than the actusl size ¢f the struoture.

The sluice ‘Fig_go 10!. The sluice 1&: an open water vontrel structure funce
tioning generally in the same way as the monk. Sluices are constructed when many
ponds are connected to the same harvesting pond or pit.
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ve The spillway

Spillways are necessary when there is danger of heavy floodss A spillway has a
alrm "threghold” and two aide wallss The "threshold" is generally 5 to 10 cm above
the maximum permissible water level in the pond. The opening of the spillway will
determine the quantity of water flowing through it. Screens should be fitted in the
opening to prevent escape of fish and they may have to be cleaned regularly during
the flood seasons.

The spillway should always be constructed on well settled "living soil" amd
should be aligned along one side of the pond in order to minimize the washing out of
nutrients.

The spillway may be a very simple struocture cut eut in the earth and
strengthened with loges The side walls may be atrengthened with twigs and stones.
Earthen apillways may be covered with turf to prevent erosion.

More complicated spillways are made of stone masenry or bricks and are required
where heavy floods are expeoted. Such spillways will have to be designed by a compe-
tent engineers

vi. Simple barragze for diversion of water (Figpure 11

A temporary barrage made of long plarks can be used to divert water to the pond
during dry seasonss Such simple structures can dam the river or canal waier up to
0.8 t0 1 m heights Generally they are ideal for omals not wider thamn 5 to 6 me 1In.
order to construot such a structure two strong poles may be fixed vertically, one on
each bank of the gtreams The poles may be 2.5 to 3 m long and about 40 om in
diameter saved lengthwise into two halvess The logas should be stuck 1 m deep into
the earth and supported on both up~ and down-stream sidess Then a thinner log, also
sawed in half, ia to be planted at the canal bottom agcinst each of the previously
fixed ones. The other half of the log will then be attached about 1 m above. Above
this log a strong plank 2 to 3 cm thick and 20 to 25 om wide should be so fixed as to
allow a series of about 15 cm wide planks to be slipped down vertically to the bottom.
When high water occurs some of these vertical planks may be removed from the middle
in order to relieve the pressure. A simple earth spillway may also be oonstructed so
that the excess water may flow out over its During the rainy seasons the entire
barrage structure, excepting the two vertical posts on the bank, has to be removed to
enable free flow of flood water,
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2+ BIOLOGICAL BACKGROUND OF FISH PRODUCTION IN PONDS

In fish culture the biologioal production processes are almost similar to those
encountered ir agricultures The fish culturist, like his agricultural counterpart
has to sow the geed, nurture them properly, take all possible care to get the
maximum svrvival and growth rates, and then harvest the produce at the most approp-
riate times So, in practice, man has to interfere in the natural biological produo-
tion processes in orxrder to achieve the optimum production rates.

Ap already indicated, each water body on the earth sooner or later becomes
"living water", which means water populated with different types of living organiems.
Each body of water, however, will have its own charecteristiocs regarding the life it
sustains (b:lomaea) and it is necessary that every fish culturist possesses basio
knowledge concerning the biological processes nommally taking place in a pond, mo
that he may be able to manipulate them scientifically in order to achieve the desired
goal of producing maximum fish from the available water mass.

TYPES OF ORGANISNMS

The living organiams in fish ponds can be grouped in different ways, viz., based
on their taxonomic position; functional value, i.e. whether they are harmful, harm-
less or useful to fish life, etce In this connexion it is important to know that,
for the purpose of understanding properly the aquatic orgenisms, it is essential to
be familiar with their ecology. Eocology is the soience which deals with the relation—
ships of enimel and plant communities to their animate (living) and inanimate (non-
living) surroundings. A "community" means & group of different organisms inhabiting
& common environment, interacting with each other, specially through food relation-
ships, and relatively independent of their groupss The community of organioms whioh
interact with one another, plus the environment in which they live and with which
they also interact, is an ecosystems A fish pond therefore is an ecogysteme In
order to understand such an ecosystem, it is not enough just to know the names of the
organisms, but their food and feeding habits, growth rate, reproductory habits, etc.

A water area may be considered suitable for living organisms if it has the
nacessary oxygen for breathing (or provides "raw material® for other types of respire~
tion), has favoureble temperature oconditions, produces enough food not only for
survival but also to acoumilate enough energy for growth and reproduction, and
suitable facilities and space for the production and growth of the offspring. This
noturelly leads to the fact that, for successful fish culture in & pond, these condi-
tions have to be made availables Each species of fish has its own special require-
ments for its survival, growth and reprodustions In a production pond the
requirement for fast growth in the form of food must be provided above the level
necessary for survivale For propagation purposes there are additional requirements
which have to be provided in breeding pondse For the growth of the offepring the
necessary requirements must be available in nursery and rearing pondse With some
basic knowledge of these aspects the fish culturisl oan effectively manipulate and
govern the ‘production processes which result in producing the fish flesh.

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

maximum when the physiocal and chemioal coniitions of the water are normal. The most
important of these factors are desoribed below.

-
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IMFORTANT PHYSICO-CHEMICAL CEARACTERISTICS OF A FRESHWATER FOND

Specific Greavi

The speocific gravity is the ratio of the mass of a given volume of a substance
to the mags of an equal volume of water at a temperature of 4 C» During winter °
season the temperature of the top layer of the water in a pond may go much below 4 C
and the wammer and deeper layers do not get frozen, which assures the survival of
higher organisms in such waters, even though the upper region may be covered with
ice.

The specific weight of the water causes the temperature stratifiocation. The
coolest water layers generally lie at the bottom of the pond, which enable the
survival of fish during the hot summer days.

Since the water content of the bodies of living aquatic organisms is rether
high (about 60-98 percent), they are able to float in water and swim about without
expending much energy. Many species of fishes have airbladders, with the help of
swhich they can float easily in the water.

The specific weight of the water increapes viith the quantity of dissolved
minerals and organic materials. Water loaded with such items can produce "“heavy
water" spreading over the bottom, which may be hammful to satisfactory fish life,

Light Penetration

Sunlight which is the most important source of energy in the entire universe,
enables photosynthesis to take place, thereby bullding up organic matter out of
inorganic substance (utilizing the molar energy), both in aguatic and terrestrial
ewwironmentse A part of the sun~rays falling on the surface of the water penetrates
below and enables photosynthesis to teke place, the intensity of which varies with
the period of sunshine. Thus, during summer the days are longer and hence more
photosynthesis can be expected as compared to winter days.

The most important water plants, vize. algae, can adapt themselves to lesser
quantities of sunlight, as compared to the terrestrial plants. The artificially
built fish pond is rather shallow and the possibility of the algae migzreting to the
layer of optimum sunlight is limited as compared to the condition occurring in
deeper naturel lakes. If the pond water is too transparent, the photosynthesis
becomes adversely affeoted due to strong illumination during the brighter part of
the day. Likewise, if the water is too turdid, the insufficient light slows down
photogynthesiss Dark parts of a deep pond or the over-illuminated shallow regions
of & pond are unproductive.

An ecosystem like a fish pond, is self-regulating under normel conditionse The
floating organisms (plankton) can sometimes develop to such a density that naturel
sel f=shadowing occurs in the pond, thereby returning to average nommal light comdie
tions.

The extent of light penetration in a pond can be measured with a photometer.
However, under field conditions a simple "Secochi dimo" can give satisfactory resulte
(Figure 12)s A "Secchi dime" transparency of about 20 to 50 om during mid-dayocan be
considered to be satisfactory. Effective photosynthesis can occur up to depths of
50 to 100 om in addition to the "Seochi diso" treansparency. This means that if the
"Secchi disc" measurement is 30 cm, effective photosynthesis 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 characteristic colour, which is of a
definite and practical use. Colloid loam particles make the water greyish yellow;
humic acids cause reddish brown coloration and water of low productivity is totally
colourless.

A greenish or yellowish colour is generally derived from microscopic algae (not
filamentous or blue-green algae)s Generally algae produce in the water coloration of
green, greenish yellow, bluish green, yellow, red, etc., according to the species.
Planktonic animals also produce various colours in the water, e.gs rotatorians,
whitish and orustaceans, brownish or reddish. If filamentous or blue-green algae
cause & bloom or coloration in the water, it indicatea that some abnormality has
oocourred in the ecosystem as a wholes

Tempereture

Under naturel conditions three main geogrephical types of fresh waters are
distinguisheds

i. ocold water, the teriperature of which does not rise above 1o°c in summer;
iis temperate water in which the summer temperature is not higher than 20-2300;

iii« wam water ig which the minimum temperature is about 10-15°c and maximum
around 30-35 C. )

It is necessary to check the temperature of the water in a fish pond, both at
the surface and bottome The metabolism of a fish is directly related to the tempere~
ture of water amd usually extreme conditions are unfavourable for fish life, espe=
olally for those with different temperature adaptation ranges. The dissolved oxygen
oontent of water is also related to the temperature conditions.

Currenta anl Water Movements

Vertical movements of water can be caused by temperature differenceas. For
example, since the specific weight of cold water is higher than that of warm water,
the former will sink and the latter will rise. Such movements generally occur in
fish ponds during night-time and help in the mixing of nutrients in the water.

Wind often causes waves which may cause damage to dams amd other struotures in
big ponds. They, however, result in a certain amount of mixing of the pond water,
which has both good and bad effects from the point of view of biological production.

Dissolved Gaspes

The pond water dissolves gases like oxygen, nitrogen and carton dioxide from the
atmosphere and methane (CH4). hydrogen sulphide (328), etocs, developing in the mud.

Dissolved Oxygen

The diesolved oxygen content (DO) ims one of the most important factors affecting
the growth and welfare of the fishs It not only provides for respimation of higher
organisms but also acts as the oxygen source for aerobic biological processess The
DO may be derived from the atmosphere or released as a by-product during photo-

synthesis, The solubility of oxygen in water depends on the temperature as shown in
the table belowt



22,8

-19 -

' Solubility of oxygen under different temperatures

Tempgrature - Solubility of Temperature Solubility of

?; oxygen mg/1 ?’c oxygen mg/1
0 14.63 18 9446
1 14.23 19 9.27
2 13.84 20 9.08
3 13446 21 8.91
4 13.11 22 8,74
5 1277 23 8.54
6 12445 24 8.42
7 12.13 25 8.26
8 11.84 26 8.12
9 1155 27 797
10 11.28 28 7.84
1" 1102 29 T+70
12 1077 30 Te54
13 10,53 31 T+45
14 10.29 32 T+33
15 10.07 33 Te21
16 9.86 34 T«09
17 9+65 35 6.98

Natural waters often contain during the dey-time an excess of oxXygen in a super-
saturated conditions This is due to photosynthetic activity of the phytoplankton
and other plants in the water.

The oxygen consuming processes, like resgpiration of animals aml plants, aerobioc
fermentation, anl organic and inorganic reduotion taking place in the water and mud,
may cauee oxygen deficiency in the water resulting in suffooation of the animalse
Such drops in dissolved oxygen ococur mostly during night-time, the lowest being
before sunrise.

Noxmally, in a fish pond the oxygen producing and consuming processes are in
dynamic balance and there is no need for any aeration. Adverse conditions occur
only when the equilibrium is disturbed naturally or artificially. The most frequent
cause of mass fish mortality is oxygen deficienoy.

A significant indication of low oxygen content in water is the tendency of
fishes in the pond to come to the surface and passively swim about gasping for air.
The oxygen requirement of fishes changes from epecies to apooéeu under differing
conditions of temperature aml biological action. For each 10 C rise in temperature
the oxygen requirement of a fish increases by two to three timess In addition, when
the gut of a fish becomes full, the accelerated oxygen demand will be about 40-50 per-
oent more,

Dissolved Nitrogen

It has been found that many of the algae can utilize some forms of dissolved
nitrogen gas during the protein producing processs The solubility of niirogen is
rather high in water and by using nitrogen salts as fertilizers, the productivity
oan be increased considerably.
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Carbon djoxide reacts with water ani produces carbonic aocid, which in turn
reacts with dissolved minerals to formm bicarbonates and carbonates. The carbon
dioxide, carbonioc acid, bicarbonates (hydro-carbonates) and carbonates are generally
in equilibrium in pond waters. During photosynthesis the plants teke up carbon compo=
nents out of the waters Carbon is essentially the basioc material of orgenic matter.
The oarbon content of dry organic matter is as high as about 50 percents The sources
of oarbon in ponds are

i. the air (carbon dioxide),

ii. carbon dioxide produced by respiration,

iii. ocarbon dioxide produced by the serobic decomposing processes, and
ive dissolved carbonates and bioarbonates.

2¢2.10 Methane and Hydrogen Sulphide

The end product of anaerobic decomposition, vis. methane and hydrogen sulphide,
ocour mostly in mud and, vhen the air pressure is low, they are released into the
water and cause fish killsg.

202411 Chemical Constituents of YWater

The major elements dissolved (ionized) in the water ares calcoium (c‘;' magnesium
(Mg)y sodium (Na), potassium (K), iron (Fe), chloride (Cl), sulphate (S0,), bicar-
bonate (HCO,) and cartonate (CO,)s FElements like nitrogen, phosphorus afil silicon
are :I.mporteﬁt from the biolog.loal production point of views Recently the importance
of trace elements like boron, cobalt, copper, manganese, molybdenum, vanadium and
gino has also been recognized.

2e) THE LIFE ZONES IN A FOND

20301 The Shore oy Littoral Zone

This zone is mostly ocoupied by rooted plants which emerge above the surface and
some submerged ones with leaves and flowers floating on the surface of the water
These plants turn this zone into an unproductive "desert" and either reduce the dis-
solved oxygen or produce excess oxygens The underwater parts of the plants are
scoupied by other microscopic plants ani animals (mostly worms, insect larvas, orusta-
ceans, otce)s It in desirable to construct fish ponds in such a way that the littorel
gone ocoupies only a narrow belt of about 3 to 5 m width along the dikes.

20302 Open_Haters

This is the main part of the fish pond where no higher plants exist, and it ie
ocoupied by plankton and nekton, i.es swimming organisms. The most important plank-
ton organisms in a pond ares bacteria, algae, protosoans (unicellular animals), rote-
torians and orustaceans. The important nekton organisms ares inseots and inseot
larvae, bigger orustaceans, fish, tadpoles, etc.
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- In .‘ﬁ‘.n—ué;mmd pond the bottom is covered with mud rich in orgsnic matter

 originating mostly from decaying plankters, exoreta of higher animals, etc., as well

‘as from the leaves, darks, etcs, washed in from surrounmiing areas. The most impor-

e tant fish food on the pond bottom are woms and insect larvae.
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IOOD," FEEDING AND REPRODUCTION OF IMFORTANT QROUPS OF AQUATIC ORGANISNS

| ‘ngomm!;m" Baoteria

_ This :lmpoyrtam group of organimms produces fermentation for bresking the organio
compounds and then absortsthem on the body surface. MNost of these daoteria need
oxygen for this activity. Having absorbed enough "food" they reproduce rapidly by

dividing every 1 to 2 hours.

Unicellular Algae ‘F:lg}g_e 1}!

These are the important “producers® of the pond which bduild up orgmmic material
out of ocothon components by photosynthesiss They are generally adapted to this
proocess by having a large body surface in relation to the body masse Since these
algae have only small bodies they camnot store the dbuilt-up organic matter and react
to the intensive "feeding” (photosynthesis which takes the role of feeding) by inten-
oive multiplication. They can-thus reproduce every 2 to 4 hours.

Filamentous end Other Types of Algae Qving in Colonies ‘Mﬂ 14]

These also produce organic material by photosynthesis whioh, however, in most
cages does not support fish or fish food organismss The products of this group ere
therefore generally wastes from the biologioal production point of view.

Rotatoria (Figure 15)

The members of this group, varying in size between 0,06 amd 0.2 mm, take out of
water mmall algae and organic partiocles. For directly utiliszing the organic material
“gtored" in the body of Rotatoria, it is advisable to stock plankton feeding fish
along with common carp, They reproduce intensively.

The carnivorous Rotat which are generslly in the sise yange 0.2 to 1.0 mm,

eat mostly algne, det s=-feoding Rotatoria and other unicellular animals. This
group is hamful from the biological production point of view.

1te [*] as

Theas feed on small alges, bacteria and very fine organic debris streining them
out of waters They are gamerally in the sise range 0,2 to 0,5 m» and are excellent
food for plankton-feeding fishes. Dased on the nature of their filtering apparetus,
two main groups sre distinguishadble, as followns
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i, Cladooers (Figure 16)

Under this group are included water fleas with a very complicated filtering
spparatus on their feot, which automatically affect filtration when moving. They
thus consume small organisms anl organio materizl which most fishes are unable to
oatohs If the pond water has adequate food, *hess o:peniems react by quick and effeo-
tive reproduction, producing 30 to 100 youny iu v {u three deys.

ii. Copepoda ‘ng_n'o 11)

The members of this group have a simpler filte.ing system which cannot get
ologged easily. The food and reproductive hadits are more or less similar to Clado-

serme

Carnivorous Crustaceans

~ Although these organisms oocour rarely in fish ponds, some species like the
ocarnivorous Cyclops cun be dangerous to fish fry.

Mud Eaters (Figure 18)

These organisms live at the pond bottom eating the mud which is rich in organic
matters The group normally includes worms anl imseoct larvae (e.g. chironomids).
The worms, under good feeding conditions multiply in the mude The insect larvae
develop in the mud thereby consuming the food materials aml in the adult stage they
fly out of the water, thereby depriving the ecosystem of a great amount of organic
material (Figure 19).

Carnivorous Ingects and Insect Larvae ‘mgnn 20 and 2])

These larvae kill and eat other fish food animals as well as fry and fingerlings
of fighass They, however, can form food of bigger fishes, In genersl they are hamm-
ful in epawning, mrsery anl rearing ponds.

Tadpoles

Tadpoles eat fish eggs aml thrive mostly on the same food items as fish fry and
fingerlings. Only some camivorous fish species eat tadpoles.

THE FOOD CHAIN

The food ohain is the series or cycle of organisms existing in any natural
commnity, through which energy is transferred, Each link in such a ohain feeds on
and obtaine energy from the one preceding it. At the beginning of the ohain the
green plants represent the first trophio or energy level in the ecosystem.

The quantity of bound energy passing along the food chain becomes less and less
as the series progresses. Thus it follows that higher rates of produotion can be
expected from animals having relatively short food chains. The herbivorous fishes
available in Nepal, viss, the gress carp anl silver carp, have the shortest foed ohain
with only two linkss On the other hamd, the food chain of & carnivorous fish is at
loast fourwlinked,vis,, algae -~ algae-feeding orustaceans = plankton-feeding fish -
carnivorus fish.




. Each step into the next energy (or trophic) level in a food chain involves about
90 to 95 percent loss of the original energy content, which mesns that only 5-10 per-
- oent of the ongml energy content will be 1ncorporlted as bound energy into the

‘next. 1«01.

rmm:on nmm v

e 'l'hc pmduot:lon biolog in a body of water deals with the continuous energy flow
‘ and utorlll rolationl of the ecoaystem.

‘nu main onorg foru in & ecosystem aret

i.  rediating energy or solar energy,
ii. heat energy,
114, meochanical omm.
ive dbound energy of the organio components, termed also an potential evergy.

. The molar ensrgy is qualitatively and quantitatively different in the various
layers of the pond water. During photosynthesis only about 1 percent of the avai-
‘lable solar energy is converted into bound biological emergy in the water plants,
Yot this acts asthedriving force for the whole 1life oycle in the water. The bound
biological encrgy in plants - oan be mobilized and converted into heat ensrgy or
mechanical energy during the life processes of the organisms.

The heat energy is derived mainly from the unutilised solar onery,Andiltion
from the earth, and by the metabolic activities of the living organimms.

The bound biological energy may be differentiated accoxil:; to the type of orge-
nic compounds formed, such as carbohydrates, fats, proteins, ‘atce The energy value
of 1 unit of carbohydrates is 5.42 koal per g of proteins,5.65 kcal per g and of
fate 9445 koal per g« Carbohydrates are easy to mobilise for gaining other types of
energies, while it is difficult to convert protoln- into other types of energy
systems.

It may often happen that production in a pond is high from the biological point
of view, but the yield will be low as sufficient animals are not present to provide
the yield, or the bound enerzy produced is unusable for the "yield-producing”
eanimals. If a pond is not stooked or the stock density is low, the yield will
naturally be poors If water weeds or blue-green algas which are not eaten by the
fish are produced, the accelerated produotion level will mot lead to comparatively
high yields. The fish oulturist should therefore arrange the production in such &
way that most of the biologically produced bound energy oan be converted into the
"yield producing® fish.

THE PRODUCTION PROCZSSES IN THE POND

Three main groups of organiems which play different roles from the point of
view of biologiocal preduction in an ecosystem oan generally be distinguisheds They
ares

is the primary producers,
iis the secondary and tertiary producers, and
1iis the decomposing or reducing organisms (Pigure 22),
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The primary producers oconstruct organic material or potential energy as carbo-
hydretes, proteins, fats and other organic compounds out of inorganic materials
(nutrients) as carbon compounds (CO,, HCO,, 003). water (H,0), nitrogen and phosphate
compounds, by photomyathesis. The Synthedissidorgenic matdrial acowmlated in the
body of algae enrich the organic content of the algal population as well as the
entire ecosystems Shortage of mutrients or insufficient solar energy slows down the
growth of the algal populations, resulting in retardation of the primary production
procenss

The measures usually adopted to improve the production of useful algal popule~
tion inoclude controlling the growth of undesirxeble water plants which obstruot light
penetration in the water system.

The most importani‘s nutrients in the pond water are the carbon compounds (given
in the form of organic manure or in the form of carbamide), phosphate compounds which
oan become exhausted rapidly as production is prooceeding, and the nitrogen compounde
which provide nitrogen source for the oonstruction of proteins. Other elements are
nomally present in ample quantitiess

If the pond is covered with emergent and other types of weeds or large quan-
titien of filamentous algse, the nutrients will be utilized by them, However, the
presence of species of fish feeding on them can enable their utilization.

Secondary and Tertiary Production

The second group of organisms, which are the consumers or secondary and inter-
mediate producers, are, in a sense, acoumulative organiems which 1ift up the organioc
material built up by the plants to the second production levele It is obvious that
the organic material consumed by these animale is only partly used for body growth
of the individuels of the population and in most cases this '"re-accumulation® ox
"regrouping” results in about 90-95 percent loss of matters

It is also obvious that those organisms,like fishes which live for comparatively
longer pericds, "atore" the organic material for much more time than the species with
a short life spans A Daphria or Cyclops does not live for more than 20 to 50 days
and guch organisms with small body size react to tha
copious reproduction, thereby increasing the biome
when the muantity of available food drops, the reproduction rate aleo will be reduced
proportionately. .

In addition to the plant feeders, in any water aystem, there are also the so-
oalled animal feeders or soophagous animals. Thes ed on the smaller animals with
the result that there is another loas of about 90 t= 95 percont energy. This group
ton:u the tertiary producers and, in the case of fich, are termed ss temminal
producers.

Decompomition and Recupesration

The lifeless organic material in a pond produced from dead bodies and undigested
food material passed out with the exoreta form the source of energy for two groups,
the deocomposing or reducing, and the recuperative organismee The decomposing
organimme are baoteria amd fungi whioh break down the orgenioc matorial with the help
of feyments, Buch decomposing process will proceed till all the organic material is
exhsusted anl the remaining inorganic mutrients can them be utiligzed by the plante




2704

2¢Te5

2,8

-25=

onoe agein. A oonsidereble portion of the lifeless organic material will be eaten by
those organisms which are adapted to take in such foed and these can be texmed as
recuperative organisms, as they recuperate the lifeless orgenic material directly
into the secondary production levels Most of the recuperative orgenisms like the
worms, inseot larvae, etc., are excellent food for fishe From ths point of view of
fish production it is immaterial whether the orgenic material is decomposed or

consumed by other organisms.

The Production Process

The basic prinoiple in the production oycle is that a growing population needs &
continuous inorease in its feed resources. The food or inorganic mutrients oan thus
become & limiting faoctor in the growth of populations. This applies to production at
all levels and can be illustrated by the example given below for the tertiary produo-
tion level. If a 1 ha pond is mtocked with 2 000 fingerlings of 1 g average weight,
each of the fingerlings will get 5 m2 "graging® area which can produce more food than
can be consumed by & fish of this sizes Thus the growth of the fish population will
be meximum and e major portion of the food will become unutilized and thus wasted.
However, the food consumption rate increases with the body weight and after a while
the grown-up fish will find only as much food as is just sufficient for maintenance.
Now, the "preduction" (zrowth) of the fish population will stop as a balance or
esquilibrium is established with their food production levels (Figure 23),

If the number of fish stocked per unit area of the pond is dense, the equili-
brium will be reached with a smaller body sises However, since the denser population
ocan utiliged the food resources better than a thinner one, the yield per unit area
will be higher in spite of the smaller individual sizes If the population density of
the fish stock is so high at the beginning that the food producing levels are not
sufficient for maintenance, no growth will ocour or even there may be a decreass in
the total weight of the population. It is therefore obvious that the maximum fish
production is obtained with an optimum population density.

Organiems like filamentous algae, many of the blue-green algae, water weeds,
back swimmers, etcs, have generslly no consumers in a pond and hence the production
of such items will be & general waste. Although these organiems may contritute to
the. organic debris after their death, the totel loss of enerzy is much more than in
the onse of direot utilization.

The Role of Stockea Fish in Increasing the Productivity of the Pond

When the fish eats thu natural food it thins out the population of its food
organisms and mekes space for fresh ones thereby speeding up the produotion processe
Further, the amount of fasces produced by the fish is considersble, which as mamre
will form the energy source for other organismge The carbon dioxide released by the
respiration of fish will be conmverted inte orgenioc compoundo during photosynthesis.

PLANKTON INVESTIGATIONS FOR PRACTICAL PURFOSES

It is necessary for a successful fish culturist to be familiar with the impore
tant group of plankters in a pond and methods to detemine the quantity and quality
of the total plankton presents In oxder to get an acceptable pioture of the plankton
organiems, a suitable sampling method will have to be adopted fnguru 24 and 25)¢ A

useful sample can also be colleoted with & 1.5 to 2 m long haxd plastic pipe of 2 to
3 om diameter which ocan be olosed at the tottom with a rubber stopper pulled in
ty & string from above (Figure 26)s The pipe should be calibreted in such a way that
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the volume is marked from bottom upwards During operation the pipe may be intro-
duced into the water vertically up to the bottom (but not touching it) and then the
wlume of the water inside has to be read and the stopper closede The sample of
watexr thus obtained may either be collected in a bucket or direotly stirained through
& quantitative plankton net (100 to 180 micron mesh)s The semples must be collected
by operating the net across the pond in ono direction, thereby covering a large area
of the water.

Baged on the volume of water strained through the plankton net, a rough estima-
tion of the volume of the plankton can be made. The conoentrated plankton should be
taken in a calibrated test tube and3f:|.::ed with formaline From the volume of the
settled plankton the quantity per m~ of the pond water ocan be oaloulated,

If a magnifying glass or microscope is available at the site, & trained p‘orson
can recognige the mein groups of organisms in the plankton 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
constituents like rotatorians, cyclopoids, diaptomids and cladocerans. The presence
of plenty of eggs (for, €egey in the egg bags of cyclopoids and diaptomids and in the
cavity betvween the shell and the body in cladoceranas”or free-living young ones,
indicates a developing population provided with adequate foode On the other hand if
the animals have no eggs and young ones are rare, the inference is that it is an old
population in starving stage and that the food available for this population in the
rond water is only sufficient to cover the maintenance requirements.

If. Rotatoria are predominant and crustaceans are rare,which condition often
develops in greatly overstocked small ponds, common oarp cannot thrive well, as it
cannot oatch or strain the small orgenisms. However, Rotatoria are good food for
small common carp fry and for the adult big-head, Regular mamuring can help in the
production of crustacean plankton in such ponds.

FPaytoplankton determinations with net~atrained sanples may not be matisfactory,
as the smallest plant organisms which are the moet important from the biological
production point of view, may pass through even the finest cloth used for making the
netse This situation can be overcome by transferring the water sample colleoted with
the column sampler into a bucket and after thorough mixing, a 100 cm3 sub-sample may
be teken for further investigationss A trained person can recognize blue-green algae,
diatoms, small forms of green algae, etce, in such samples.

If micromscopic algae are rare in the pond, fertilization with phosphate and
nitrogen fertilizers would help., If filamentous algae are predominant, application
of copper mulphate (0¢1 %o 1 prm) will reduce them, which will enable further growth
of useful algae, However, this will have to be done in such & mammer that the fish
in the pond are not harmmeds BStocking of small gress carp in the pond can also help
in the control of large populations of filamentous algaes

BOTTOM SOIL AND WATER INTERACTIONS

The bottom soil in a fish pond has very important roles to play in the produoe
tion processs They are in generals

i, storege and release of nutrients into the water,
iis mineralization of organic bottom deposits, and
iii., provieion of shelter and food for bottom dwelling orgmisme.
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It is well known that fertils soil ie the best for pond oconstruotion in view of
its ability to supply nutrients to the waters The orgenimms living in or on the
bottom soil (benthic orgmimms) are of great importance in mutrition oycles in ponde
and their quality and quantity ocan be used as indicators of produotivity. If a pomd
is rioh in benthio animals, it can be expected to fetoch a high yield of common oarp.
In oase the living top soil is removed during the oconstruction of the pond, the
yield will be low during the first year and will contimue to remain wo until a new
layer, rich in organio matter,is developed.

INVESTIGATION OF BOTTOM ANIMALS

In oxder to estimate the uhundance of bottom animale, & fixed quantity of mud
sample may be collected with & spade or simple tube sampler and washed in & box
fitted with & fine metal or plastio sieve of 0.5 to 08 mm meshe This will yield
the coarse components of the soil matter, plants aml animals in the sieve. The area
of collection of each soil sample may be kept the same and, by counting the mmber
of orgenisme of different species present in each, rough indices can be obtained.
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3. FISH CULTURE

SPECIES OF FISH SUITABLE FOR CULTURE

There is hardly any species of fish that camot be cultivated under some conmli-
tion or other but the basic consideration is of species which are worthwhile for
culture under different situations. The oriteria for selection aret

i. natural ability to grow faat,
414, food habits adapted to the type of living organisms present in ponds,
iii. compatibility with other oultivated mpecies,
ive ability to adept to orowded conditions,
ve tolerance of low dissolved oxygen content,
vi. ease of haniling and harvest, and
viis reproduction under controlled conditions.

In a fish pomd the plant and animal sources of food are all present and conti-
nuously produced but the quantity of different food items can vary and hence it will
be advieable to select fish species with different food habits in order to utilize
all the available foode.

The species of fish which can be used for cultivation in Nepal are briefly
described below:

The Common Ca Israeli Ca Jerman Ca. Cyprinus carpio (Figures 27 and

2

This is the most important cultivated fish in the world and has been domesti-
ocatede It is an omnivorous fish, the food consisting of any item which can be
digested. It eets zooplankton, animals living in the mud such as larvae of insects,
worms, molluscs, etce and on the stalks and leaves of submerged plants. When hungry,
the carp will eat the decayed pieces of water plants, the young shoots of underwater
weeds, etce The natural food of the carp is basically rich in animal proteins.

The artificial food given to the common carp is mostly food grains like maize,
barley, millet wheat, grains of leguminous plants like the pea, bean,soybean, lupin
tubers suoh as potato goiled); and agriocultural and industrial wastes such as 0il-
cakes, flour mill washes and others vhich have some nourishing value and are not
used as food for other animalss The fish eats artifioial protein-rich foodstuffs
such as fish meal, blood meal, carcass meal, dried inseots, silkworm pupae, flesh of
molluscs, minced flesh of fish, frog, snake, etoce ’

During the last decade, the common carp has been grown on pouliry feed pellets
vhich have about 20 percent animal aml 10 percent vegetable protein content and the
results have been satisfactory.

'I'heooarp has its maximum appetite when the water temperature is over 2o-25°c.
Under 10°C the fieh takes little food.

The carp is a very fast growing fishe Depending on the quality and quantity of
food available, the growth may differ very muche If a carp geta daily food of about
5-6 percent of its body weight, it will grow very fast adding 1-2 percent of the
body weight per days For maintenance of the actual body weight it is necessary to
feed roughly 1 percent of the body weight per day.
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The different types of common carp available aret the scale carp (called German
carp in Nepal), mirror carp (called Isreeli carp in Nepal) and the so-called leather
carp without scales which is not suitable for culture.

It im well known that the different cultivated streins of the common carp can
vary very much es regards their growth. Improving the cultivated carp strains is a
very important task of the practical geneticists and fish oculturists.

The spawning of common carp may teke place naturally or semi-artificially or
fully artificially (see Chapter 4).

3e1e2 Chinege _Oarps (Herbivorous Carps)

Benide the common carp the most important cultivated fish group in Nepal can be
the Chinese carpse. Four different species with very different food and feedin
habits belong to this group, all originating from the great rivers of China. fOf
these, three species have already been introduced in Nepal.)

Grass carp Ctenopharymgodon idel].a)

Silver carp Hypophthalmichthys molitrix

Bip-head carp (Aristichthys nobilis

Black carp Mylopharyngsodon piceua)

Je1e2e1 Grass carp

Its appearance resembles a gcaly common carp with elongated body. The fish
feeds on water weeds, bsth soft and hard, aml eats leaves of pla.ntsoani grass thrown
in the waters Below 12°C the grass carp does not eat wellj over 13 C it starts to
eag something, but its agpet:l.te grows considerebly when the temperature is above
20°Ce Between 25 and 30 C, the fish can eat an inoredible quantity of plantee The
digestive process of the grass carp in high temperaetures is very fast aml the
undigested or scarcely digested food passing through the gut will be emptied in the
wager and the excreta act as efficient "green fertilizer"s At temperatures over
25°C one grass carp can eat plants equal to 25-50 percent of its own body weight
within a2 daye But it is quite natural, due to the very fast aml incomplete digestion,
that the major portion of the plants eaten returmms to the water, forming a well
distributed organic mamire.

The newly hatched grass carp first eats small plankton animals, mostly Rotatoria,
and larvae of Copepoda and Cladoceras Later, when 5~6 cm long, it starts to nibble
the undexwater plantss Some plants will be eaten by the grass carp only if there im
no other choice and it is very hungry.

Thus, the gress carp is beneficial in three ways in the ponde I} is useful not
only for its production of fish protein but aleo as a control for undesireble water
plants and serving as a "living manuring machine" which provides the pond conti-
mously with a well distributed and highly effective organic menure.

A hingry adult grase carp may eat the fry of fish and hence the fish hag to be
exoluded from nursery and breeding pondse

The grass oarp may eat the food greins supplied specifiocally for the common
oarp, but the extent of sueh utilization will be comparatively little, In oxder to
avoid improper utilization of food greins the gress carp may be fed first and then
the common carp,




The grass carp is a very fast growing fish and in subtropical areas it attaine
sexusl maturity in the second or third year. The fish spawns in rivers amd under
pond corditions it can be propagated only artificially (see Chapter 4).

3010262 Silver ocarp

The food of silver oarp consists almost solely of mioroscopioc algaae, generally
not bigger than 0.02-0,025 mme It streins ite food out of the water using the gill
filter apparatuse A silver oarp with 250 g body weight strains through its gill
filter an average of 32 1 of water per day. The fish has a comparatively long diges-
tive canal, with the result that the digestion and the utilisation of the food are
more complete than those of the grase carp.

If the food for the silver oarp is rich in the pond (which cen be produced by
suffioient fertilization) the fish grows very fast, cometimes faster than the grass
carp of the same age and initial weighte The young silver carp is an animal eater
and congumes about the same food as grass carp of the same age (mostly Rotatoria.
Ciliste end Nauplius larvae)s From about 3-4 cm body length onward the Tish starts
as an algae feeder. The silver carp can eat only finely ground artifioial feeds like
flour, added in the water as floating material.

The silver cerp attains sexual maturity at the same age as the gress carp. It
oan be propageted only artificially in pondes

3. 1.203 Big-head oarp

This fish is very closely related to the silver carp, btut its feeding habit ie
different. It strains food out of the water, eating entirely planktonic orgmisms.
Since its gill filter apparatus is not so fine as that of the silver carp, it feeds
on bigger plarkton items, mostly animals like Rotatoria, Copepoda and Cladoceras The
largers elgae like Aphanisomenon, Microoystis, etc., are also consumed. If the food
ip sufficiently rich, the big-head carp grows fanger than the two other Chinese carpss
The pilver carp and big-head carp feed down to 14 C, but at about 6 C such activity
stopse The propagation of big-head carp is similar to that of silver carp and grass
Carpe

The above-menmtioned three Chinese carps, together with the common carp, form a
successful group in the pond, utilizing a1l the main food sowrces (food niches)s By
stocking these fighes in the same pond in a proper ratio,high production rates can be
achieved easily and cheaply. Grass, other plant material aml offal thrown in the
water will be eaten by the gress carp and result also in contimwus '"biological
manuring"s The so-called weed slgae in a well fertilized pond will be successfully
controlled by the gramss carp end bigehead oarpe

30 1o 2-4 Black carp

This Chinese oarp feeds almost entirely om mollusos (e.ge water snails) which
coour in great numbers at the bottom of ponds constructed in the Terai and Inner
Terai, and hence this carp oan be utilized in euch areas to exploit the unutilized
food resources.

The question of introducing the black carp in Sepal thus deserves serious oonsi-
deration.
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Indian Majox Carps

Catla (Catla catla)

This is the fastest growing indigenous carp in India and is & surface feeder.
Its upturned mouth and the large gill rekers are adapted to feeding on the mumerous
orgenisms floating in the pond water. In ponds with an overgrowth of submerged
weeds, its growth is generally unsatisfactory.

Young ones, from the time they begin feeding and until they reach a length of
about 15 to 20 mm, feed almoet exolusively on water fleas amd other plankton animals
in the pond. Subsequently they probably eat mioroscopliec plants floating in ths woter,
though at all stages the planktonic animals constitute the most important item of
food,

Catla is reported to grow very quickly. In normally stocked waters, a growth of
35=45 cm in the first year can ordinarily be expected.

Catla in the second year is ordinarily sexually ripe aml therefore ready to

. breed in the third season after hatching. Catla breeds naturally in rivers during

the rainy season btut artificial propagation by hypophysation has been quite success=
ful (see Qhapter 4)e The eggs of this species float in water and are non-adhesive.

3e1e32 Rohu (Labeo rohita)

This is considered as the tastiest of all the Indian ocarpss It is & quick
growing species and is a column feeder. JIts rather anterior fringe-lipped mouth is
vwell adapted to browsing on shallow pond bottom also. Considerable quantities of
bottom sand or mud, plant debris or decaying debris of agquatic plants, planktonic
algae, etc., conatitute ita gut contentss Only the young ones feed on plankton
animals.

A growth of 3540 om can nomally be expected in the first year from roh in a
well stocked ponde

Sexual maturity is attained towardsthe end of the second year anl breeding
habits are similar to those of ocatla.

3ete3e3 Mrigel (Cirrhina mrigela)

The adult mrigal is a bottom feeder while the feeding habits of the young ones
are similar to those of catla and rohues The fingerlings and adults consume rele-
tively large quantities of decaying orgmic and vegetable debris, phytoplankton orge~
mems, etos The proportion of animal matter in the diet of the mrigal is generally
g;or;md‘lm thin teminal lips of the fish are adapted to picking up food items from

L] [

Mrigal grows mlower than catla and rohus In a8 pond stooked at the rate of about
15 000 fingerlings per ha, an average size of 20 om may be attained within 8 months.
By thinner stocking quicker growth may be expected.

Mrigal becomes gexually mature when about two years olde The breeding habdits
m:lth:"-ltooh;::‘que of artificial propagation of the species are eimilar to those of
oavia TOMle
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Other Fishes for Culture

Suitable techniques for the ocultivation of other important indigenous fishes,
such as mahseer (Barbus tor or Tor tor) and Barbus haxagonolepis, both of which are
carnivorous; Mystus se la, Clarias batrachus, Heteropneustes foesilis and the
different snow trout species (Asla sp., Oreinus sp., 3Schizothorex sp.), which are to
be considered for cooler areas, have yet to be evolved.

The different speoies of Tilapia have become the "miracle fish" of the post~war
eye and many oulturists had olaimed that these fishes may solve the animal protein
proviem of the developing worid.

Most of the Tilapia species are plant feeders, which property is highly
favoureble in such countries where food greins produced locally suffice for local
human consumption only,

The Tilapia protects itsprogeny very successfully, which characteristic has both
good and bad implications. The eamy and successful propagation of the species under
controlled conditions is a great advantage but a few pairs of Tilapia may overcrowd
& pond within a few months resulting in the progeny becoming small and stunted and
therefore not worthy of oroppings Further, if Tilepis is introduced in a pond, there
is every possibility of some fish eascaping to neighbouring waters.

In Nepal there is & demand for smaller fishes at pruof:t. but in the years to
come the living standards will improve and consequently the small fish may lose their
valus for human consumption.

Tilapia species have not yet been introduced in Nepal. If it is envisaged to
introduce the fish into the oountry, the problem should be investigated in its
different aspeots before a final decimion ims taken.

Predatory or Carnivorous Fishes

Rearing of predatory fishes together with common carp or other non-carnivorous
fish specien is necessitated under certain conditions in which the eggs, larvae,
fingerlings and in many cases even sexually mature individuals of undesirable fish
speciens (noxious fishes and weed fishes) may invade the pond along rith the water
supply, despite careful filtration through fine screens. These weed fish species
consume the natural and artificial food of the cultivated fishes, thereby dimi-
nishing the production. Generally the weed fish species are small, slow-growing and
their flesh im of low market value, hence the food whioh they consume in the pond is
o be considered as waste.

*  Thus, the predatory fish has s two=fold purpose in the first pondj it deoreases
the number of weed fish which compete for food with the cultured fish species and
also transforms fish and other aquatic animal flesh of lesser value into highly
veluable meats Certain spacies of carmivorous fishesalso eat other animals such as
frogs, tadpoles, shrimps, prewns,bigger water beetles, etoc., which are likely to
frequent the fish pond. Predatory fish also render a "sanitary service" by eating
underdeveloped, 3ick or weak carps.

But the predatory fish has to be either of the same or amaller sise than the
reared fish. IV is necessary to mention that the predatory fish should mot be of &
"ghark” type (e.gs Wallago attu) which may be hammful to the stocked fimhe
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In Europe four species of "domesticated" carnivorous species are cultured in
poniss In India there is no such fish eavailable at presents It appears that.some
indigenous species such as Mystus seenghala or Clarias batrachus or perhaps a proved
exotic predatory species may have to be tried in Nepal.

THE MANAGEMENT OF FISH PONDS

General Dutiep of & Good Fishery Manager

A good manegement is essential for the whole fish produoction process, executing
the different operations in proper time, checking on the effeocts of the operations
and finding out the best ami the cheapest solutions for improving the yield. In
order to do thim,adequate know-how based on & solid theoretical knowledge and preo-
tiocal experience is esmsential. '

The success of a fish famm is measured by the fish pmdﬁoed and by the low cost
of productions For achieving thie aim, the conditions to be met are:

Diecipline and punotuality. In all farms and projects working hours are
pregoribed, which have to be observed by everybody concerned.

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

After cropping, each monk should be closed :lmed:latoly.md the umised control
boards and screens should be stored in a gheltered place like & shed, until needed
again.

The workers should be trained to handle the equipment carefully and at the end
of the day's woxk each item should be returned to ite original place.

Special care should be tsken about the nets. Even aynthetic nets get destroyed
if they are not handled carefully. Wet nets left in a heap without clearing the
debris and amall fish, are liable to be demaged by rats, so after use the nets should
be dried well. After complete drying, the nets should be bundled and hung in the
store room vhere rats and other animals have no access.

Accurate and good work is essentiale The labourers in the fish farm should be
trained to do their work acourately and well. This means that it must be explained
to them how to do specific jobm and what the aim of the work ise It should also be
made olear to them why the work must be done in the prescribed way.

Recording of the aotivities is requireds The management work in a fish fam ie
complex and the manager and other responeible personnel have to arrange several
things simultansously, Hence they should note down important tasks to be done on a
day-to-day basiss One who is guided by acoidental happenings and acts without any
mental preparation cannot make his mark as a fish famm manager.

For the gake of efficient control, data on the following aspects should be
recorded at the end of the production seasons
i, the percentage of loss in fish stooked

ii, the duration of the production period in days (time between stocking and
oropping)

iii. the total weight of the cropped fish




the ;:otll yield (weight of the cropped fish mimus the weight of the stocked
fish)

ve the yield per heotare

ive

vie
vii.
viii.

the yield per hectare per day
total food supplied in the pond

how m)loh of food has produced 1 kg fish (food quantity divided by the total
yield

ix. total cost of food
xo the cost of 1 kg fish produced.

It would be interesting if & greph is maintained showing the growth of the fish

in the different ponds, on the basis of the montly growth checks.

All efforts must be made to prevent the theft of the equipment and fish.

3

34242 Fish Culture Opsrations
The various steps involved in commercial fish culture operations are desoribed
belowt
3e2:241 Stocking the ponds and fish stock manipulation

number of each spscies to be cultivated.
stocked should bYe satisfactory.
the yield conasiderably.

wWhat to toke care oft stock the pond as soon as possible after oslculating the
The quality and condition of the fish
Weed fishes if can get mccess to the ponds reduce
Such species should be aveided by screening of filtering

the inflow water properly.

of the food available.
If the draining monks are not closed fertile water with dissolved minerals will be

Usual mistekest understocking the ponds will result in incomplete utilisation
Overstocking is not a big misteke, only it is too expensive.

drained from ponds resulting in loss during the production period.

Data to be recordedi: for recording the stocking data, a specimen profoma is

suggested belows

fish species which are of proper size.
time to "market size".

Number and Number end "
avorage weight | welght of fish Remarke
N::::'O;r m“:’:f of fioh (each | per heotare | Date of (health,
the pond | surface speoies and | (each speoies | stocking |vody condition,
size group |and sise group et0.)
separately) separately)
3024242 Stocking ponds with common carp

Stocking & pord means releasing in the pond an adequate mumber of the selected
The stocked fish should grow within a given
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In stocking operations one must pay attention not to stock or releage undesireble
or unknown fish species in the pomds Thism is the first rule of pond stockings A
fast-growing strain msy produce 20-30 percent more than fish stock of unimproved and
obsoure origin.

The sise, or better the age, of the stocked fish is very importants The young
fish grows much faster and will economically utilise the resources of the pond better
than the old oness In Nepal, whers the carp attains sexual maturity in one year, it
is generally advisable to see that the stocked fish reaches marketable sise during the
first years The young fish uses less food for maintenance and more for inoreasing
ite sctusl body weight. The vitality of a young fish is greater amd its search for
food and utilisation of the different food sources arv more efficient than of the
older ones.

But the food oapacity of & mmall fish is mot much, i.es its gut cannot contain
and digest the same quantity of food as & bigger one which has a larger gut capacity
and can digest a greater quantity of food during the swme times When a pond is
stocked with emall fish, some wastage of the naturel food is unavoidable during the
fi ret period of production.

The food and feeding habits change with age and sise of most fish species. This
means that the carp and the other ocultivated fish of different ages do utiliszse quite
different food items produced in the pond. This is the reason for stodcing different
age groups of the seme fish in the same ponds In BEurope, it is a common prectice to
mix different age groups of carp in the same pond.

The number of the atocked fish depends ons

1. intensity of culture (mamuring, fertilising and feeding),
ii. desired market size, and
iii. aotual size of the fish stocked.

If intensive culture is not planned or the market size is to be large, the pond
should be stocked rather thin or during the produotion period the stock must be
thinned out to provide the remaining stock enough food, thorsby imcreasing the possi-
bility of accelerated growth.

Practically, three sise groups of carp fingerlings &re used for stooking in the
growing ponds (called also fattening or production ponds)s emall fingerlings 2.5-5 cm
total length} medium size fingerlings 5-10 cm total lengthj and big fingerlings
between 10 and 20 om total lengths

3:2:243 Basic prinoiples involved in stoocking opsrations

Before considering the principle of stocking, it is necessary to be soquainied
with the following conceptss growth, growth rate and growing time.

The growth of a fish means inorease in the body weights The growth of a popula-
tion is the oun of the growth of individuals of the concerned population.

The growth of a fish depends on various factorsjthe important among them 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,
the appetite, the oxygen content of the water, eto.

The age and food capacity have already been mentioned.



__The time taken for growing depends on the fish culturist or on ths naturel
oiroumstances. The growing ability is different for the various fish speoies and
streins.

The oarp oan achieve within three months a body weight of 50=100 g or even more.
Within half a year those fish stocked at 3.5-5 om length may grow up to 250-500 g
in weight, depemiing on the oonditions available in the pond the most important of
shioh is the food available. The characteristic of the particular strain of oarp
uwsed is & vexy important factor whioch should never be overlocked. Individuals of
the same species of fish may show different growth rates even though they may conmsume
the smme quality and quantity of food:s The improvement of the fish strains is
oconcentrated mostly on their growth oharecteristios.

A good fish culturist seleots the best individuals for brudhlg and takes care
t0 maintain the fast growing property of his stodk. ‘

If a figh can collect enough food from the natural food sources in the pond, it
fillg its digestive trect 2-3 times a day and the resultant growth can be expected
t0o be adequate. In cases where the food im scarce, the growth slows dowm or stopwm,
or the fish may lose its body weighte

The growth rete of a fish is the increase in the bdy mass during a given time,
«xpressed as deily or monthly growth retes Another mode for expression of growth is
as the time in which the actual body weight will (or oan) be doudled. The daily
growth rate may generally be expressed as percentage of the actual body weight.

A fish suffering from diseases or infeoted by parasites will not be abdble to
oonsume much food and hence cannot grow well,

The appetite of a fish depends on the tamperature, which detemines the speed
of digestion, and different speoies of fish have widely varying femperature prefe-
vencens, The carp does not generally eat at temperatures below 8 C, and also ite
appetite may decrease when the water temperature is over 35 Ce

When the concentration of dissolved oxygen is low in the pond water, the fish
say stop feeding. Under conlitions of low oxygen content, when the fish are seem to
gesp for air at the surface, there is no chance for growthe

If the competition between the individuals of a population is great, the weak
ones will hardly survive. With age the survival rate will be higher, i.e. in
younger individuals there are chances of greater losses.

362¢244 Prectical aspects of stooking operations

Ihe market sises

Determination of the market sise of the cultivated fish depends not only on the
oulturist but also on the consumers, In Nepal there is & great demand for fish amd
oayps of 100=500 g weight can be easily solde Such sises are attainable within
3=5 months by appropriate culture operationss However, if the supply position
improves the market sise is liable to change.

: The.nsceppery preparetions to be gade sres
| i, To rill mugh water in the ponde When the depth of the water in the pond
is 50-60 om the fish stock can be released.




ii. To keep in good state of repair the necessary gear, tools and transport '
squipments

iii. To oslculate the mmber of fish to be stocked in each pond.

The main faotors whioch decide the number of the fish to be stooked are availe-
bility of enough natural food, fertilization and feeding, If feeding, fertilisation
or mamring is not planned, stocking should be with 2 000-3 000 common ocarp finger-

111‘!‘.0

On the basis of the ares of the poml the number of fishes to be stocked oan de
oaloulated: To make the calculations easier it is better to stoock round mumbers,

For conditions obtaining in Nepal, experience concerning fish culture in
commercial faerms is lackings It seems to be reasonable to stock the ponds, with
nomel feeding, as followss small fingerlings (2.5-5 om total length) 4 000-5 000 per
hectare and medium fingerlings (5-10 om total length) 2 000-3 000 per heotare. When
intensive feeding is poesible the rumber can be raised by 20-50 percent,

In omse the fish intended for stocking arrive at the site in a weak comlition,
they should be kept in a holding net or hapa near the inflow region so that they oan
recover before releasing in the pond.

3026245 Time of stocking

If the average growth rate of fieh is 1.5 percent per fish per day, and if
10 000 fish of 20 g average weight are present in the pond, the growth of the stook
is about 3 kg per daye A 10 day delay of stodcing under these conlitions means more
than 30 kg loss in fish weight.

The productivity (produotion ability) of the ponds changes during the different
months of the years In Nepal the maximum productivity is cbserved during the
beginning of the reiny season (June).

Sinoe mostly small or medium fingerlings are used for stocking in Nepal it is
not necessary to wait for the ponds to be fillede Fingerlings can survive if the
deeper pond has about 50-60 cm water.

The general rle should be to stock as early as possible.

3020246 Stock correotion and growth cheok

During the main period of production it is necessary to know about the aotual
weight of the stocked fish or their growth,

In the course of growth checks, about 100-200 fish (about 1=2 percent of the
stock) will be caught with a castnet or seine net and meamured alive carefully and
released backs From the body weight of the stocked population (or the result of
previous growth checke) it is eamy to oaloulate the actual growth during the period
in question on the daily or monthly growth rates.

An examplet for a growth oheck 138 fish weighing 18.6 kg are caught. The
average weight thus ies 18 600 4 138 = 135 g» The pond was stooked with 7 500 fish
and hence, theoretically, there are 7 500 x 0,135 = 1 012,5 kg fish in the pond.
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The average weight 15 days earlier was 105 g, and hence the half monthly growth
rate is 30 g per individual and the daily growth rate 2 g per imlividual. Usually
the fish is oaught when "on feed", and therefore it is advisadble to subtract 5 per-
cent (as gut contents) from the measured weight. In the case mentioned, 18 600 =
930 = 17 670 g, the aversge weight is 127 g Growth checks are important and help
in predioting the orops The future operations can be adjusted according to the indi-
oations derived from reguler growth checks. After a growth check one can estimate
whethers

4. the fish stoock has sufficient food,
14, the fertilisation was effective,
4i1s the population density is adequate for the management measures teken,
ive the feeding has a desirable effect,
ve whether stoock thinning is required, anl
vis whether a young population should be stocked again,

The growth checks have to be done once or twice a month and prefersbly on the
.stme calendar dayse

T 3020207 Stock manipulation in mixed fish oulture

As mentioned earlier, various age groups (size groups) of a species of fish
utilize different items of food in the ponds Since the younger fish have smaller
food capacity, a part of the naturel food available during the early part of rearing
remaine unexploited anxd hence is wasted, Later on the same stock will need more food
than the pond can produce. So, in the first period an asuxiliary stock of bigger fish
ocan be introduced in small rmumbers and during later periods thinning out should be
resorted tomake available more food for the remalning ones.

Stook manipulation is of greater importance when different species of fish,
vhich have totally different food anl feeding habits, are stockeds The various
groups of different fish species (at least 3-4 species anl two age groups of oaow
can utilise all the naturel food rescurces ocourring in the pond, and in this way the
highest possible yield can be achieved out of the same biological production of the
woater,

Monoculture, is.e. stocking only one species of the same size anl age,can never
utilize all the food resources unlike the so called '"poly" or"multiculture®,

It is well known that the age gxoup which is smaller in number is more
favourebly placed in the pond, as the competition for food is less between the
members of ths group,

Thers are different methods evolved by practice for stocking different age
groups of fishes in a pond. However, the execution of the programme depends on the
availability of the partiocular age groups at the appropriate perioda.

A few practical hints in this oconnexion are indicated heres As an example,
either 2 000 medium carp fingerlings and 3 000 small ones, or 500 big, 1 000 mediunm,
apd 2 500 small onee per heotare may be stockeds When the bigger ones reach the
market size and the thimning-out process should start. it would be edvisable to stoock
again 1 000-2 000 emall size fingerlings per heotare.

If "artifioial” feed is provided in the pond, it would be advisable to stock
mmaller age groups &s weil, whioh can utilise the remnants of the food and
undigested particles passed through the gute of the bigger fish.
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The most effective method of stock manipulation is to use different species of

' ‘fish with different food and feeding habits. In Nepal the Chinese carps (gress carp,

silver oarp and big-head oarp) along with the common carp, have a great potential
from the produotion point of views 'The stocking of Imlian major oarps with common
oarp also holds promise for higher yields.

302,28  Mixed culture of common oarp and herbivorous carps

3024}

It is well known that by stocking common oarp and herbivorous carps (grass oarp,
silver carp, and big-head oarp) in the same pond, high yields cen be obtainede The
stocking retio deperds on the environmental oonditions in the ponds If the grass
oarp oan be fed with sbundant supply of gress as additional food, 500-1 000 can be
stooked in 1 ba aress If, however, it is not possible to provide cut grass and the
fish will have access to only the water weeds growing in the pond, the stooking rate
way be about 50=200 per ha. Silver carp cen 'be stocked at the rate of 1 000~1 500
and big-head carp at 300-800. The stocking rate of common carp may be about
1 000~2:000 depending on the size of the fingerlings and other factors, mainly the
food available. i

In Nepal, since practical experiences én stookingare still meagre,the best rate

" will have to be détermined on the basis of mxperimental obmervationse One scheme of

stocking (a Chiness practice) which could Be applied here also iss 2 000-3 000
silver carp (5-8 om)§ 100-300 gress carp (810 om)j 100-30C big-head carp (8-10 om)
and 1 000~1 500 common carp (3-4 cm)s The mcope for addition of Indian major oarps
to such a stock will have to be determineds The growing time for the mixed stock
will be one year, but the "thinning out” operation can begin even when one species
has reached the market simes .

rovement ent

All the envirommental improvement ir a fish pond must be done simultaneously.
Further none of them can be neglected as deficiency in one respect may restrict the
benefits of otherss For example, if & weed~infested ponds gets manure it will
promote further growth of weeds amd not contritute to the fish production. Further
if a pond ie infested with wild fish, they will utilige the inoreased biological
production much more than the cultured oness

The following envirommental improvements can be distinguisheds

302630 1 Protection againet wild fish

Wild fish are not only a nuisance, but also act as real pests in the fish ponds.
In the breeding and nursery pords they eat the eggs aml early fry of the cultivated
fishs In the nursery, rearing and production ponds they compete for naturel food
with the cultivated fish ami also consume the artifioisl feed provided, They can be
parasite oarriers alesos In breeding ponds where many wild fish are present, the
OCOMBOR OAYD may not often spawn.

The intruding wild fish propagate very repidly in the pondss A few pairs of
moh fish oan produce thousands of offspring. Some species hide in the mud when the
ponds are drained and survive there till water becomes available, Many of the most
noxious wild fish speoies have acoessory respiratory organs with the help of whioh
they can breathe directly from the aire They can thus survive in small shallow pools

#» ditohess Bigger carnivorous wild fish may consume the stocked fingerlinge alsos
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The damage caused by the wild fish is not at all compensated by the fish flesh
they represent when caught. Most of the juveniles of these fish pass through the
screens 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 fishexmen if they have
enough time to collect them.

In most fish famms scresns fittsd to the inflow siructures are used itc prevent

entry of wild fishes. Such screens, especially those with smaller mesh, may affect
the rate of flow of water and often get clogged with debrims Further, there are no
gcreens which can prevent the entry of small larvee or eggs of wild fish into the
ponds All sorcens need daily checking and cleaning. Under theme circumstances other
structures which can effectively check the entry of wild fish have to be fitted to
the fish ponds Some such important structures are described belows

Water filtering mtructures (Figures 29, 30 and 31)

is Brush wood bundle

A "fence" made of brush wood bundles packed tightly and constructed in a semi-
circle in front of the inflow stmcture can effectively function as a simple filtering
gystems Each bundle in the "fence™ may be nailed tightly to long pegs dug into the
earth and the entire structure should be checked often in order to ensure that no
erosion occurs between and underneath the bundles. In order to provide sufficient
strength to the structure, a few poles may be driven into the earth behind the fence,

Advantagés: Such a "fence"” is to be considered as a stop-gap structure which can
be constructed with easily available materialss It will work well if properly mede,
checked often and repaired as and when necessary.

Digadvantagzest The structure never lasts long especially during summer seasons.
The brush wood bundles may bresk into pieces, which when washed into the pond get
entangled in the net and clog the screen of the outlet structure. The gemicircular
structure should be large enough to prevent ocourrence of erosion behind the "fence".

A more durable structure of the same ghape can be constructed with stones and
ptone chips piled between rows of poles fixed parallel to each others In order to
prevent it from being washed out it would be advisable to meke a foundation for the
stone pile by laying bigger stones 10-20 cm deep in the earthe The stones should be
placed near the poles and the space in between mey be filled with bigger stone chips.
The structure need not be higher than 30 cm in most cases.

Advantages: This structure can be constructed by the farm workers with cheap and
locally available materials. It will be durable if the length of the semicircle is
adequate, in which case erosion may not occur.

Disadvantagess If the inflow water transports too much debris or silt, the struo-
ture may get clogged in course of timee Once a year the structure must be taken
apart and fully repaireds If big holes remain between the stone chips, the structure
will not function properly.

ii., Screen basket

A screen backet can be fixed where the inflow water if flowing into the pond.
The basket may be made of plain iron sheet or of one side open drum at the bottom of
which holes are made with a nail from outsides The figh falling into the basket will
be hurt or killed by the force of the water.




Advantagest The "screen basket" breaks the force of the falling water and helps
to prevent washing-out aml washing-back effacts. I{ is eagsy to move from place to
place. The fish collected in the basket can be utilized either for meking fish feeds
or for human consumption.

Disadvantagess All the fish falling in the basket may not be killed end the
small fry or eggs may easily pass through without damege.

iii. Fixed basket with stones

If the inflow of water is stable, the basket can be fixed to poles driven in
the earth and then filled on the sides with stones and in the middle portion with
: stone chipss The fish falling in the basket will generally be killed on the stone
chipse Even if some manage to escape they cannot pass through the stone chip heups
The structure should be fitted about half metre above the water surface to function .
effectively.

Advantagest This structure which is very durable, can be constructed out of
locally available materials without the help of skilled worimmene The force of the
inflow water is broken totally by the stone chips, which helps to prevent washing-—
out effects.

Disedvantages:t If the "stone basket" does not have a hollow in the middle region
where the water falls, some of the very dangerous fish ampecies (@hiocephalus,
Clarias, etc.) may jump or climb out and escape unhurt into the ponde The smaller
fish caught between the stone chips may rot there. The "basket™ may get clogged by
debris and silt, and hence must be checked and cleaned often. -

iv. Stone chips filter

This is a2 stable structure constructed on the feeding canals and made of earth
or bricks. Since the structure cuts down the quantity of the flowing water and
reduces the water current it must be constructed 2«3 times wider than the original
canale

The brick walled 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
chamber is constructed on an earthen channel the inflow and outflow portions, each
about 1 m length, must be constructed with bricks.

Adventages: This is an effective and stable structure which needs gimple masonry
work and if constructed well, failures will be raree.

Digadvantages: The chamber mey get clogged with silt and debris in which case
the stone chips must be removed, washed, am placed back. The construction of this
ptructure is rather expensive.

ve Reverse filfer

This structure can work effectively and provide clean and filtered water. The
"gtone-stone chip~coarse sand" filling is to be washed out by reverse flow for
removing the deposited silt. The inflow water must be screened to prevent the
clogging of the cleaning valve by bigger size debris. Because the effectiveness of
the filter is rether limited and it is rather expensive, only in situations where
clean and filtered water is needed, as for example in a hatchery, should this be
constructed.

Advantages: The reverse filter can be & successful anmd stable strcture if
constructsd and meintained properly. It provides clean waters
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Disadvantagest It is a rather expensive siructure and skilled masonry work is
needed for its construction. 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 depemling on the quantity of emall debris and silt. Improper
handling of the filter can cause total failure aml repairs are generelly very
arduous and costly.

Where to place the filtering structure?

The ﬂlteﬂng structures should be constructed on the main feeding canals and
in such places where an incursion of wild fish could be expected.

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

3e2e303 Weed control

The fish culturist can distinguish different groups of water weeds which inter-
fere in the fish production processe.

These groups aret

i, submerged weedsj

ii. floating weeds (rooted and unrooted)} -
iiis emergent or hard weeds and

ive marginal weeds.

Small growths of these weeds may not be harmful but there is always the danger
of their proliferation resulting in adverse effects on fish culture operations.

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

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 psunlight into
the water, These include dense growths of emerging water plants amd those whose
leaves float on the surface of the waters Such plants turn the umlerlying water
into a "desert" where no appreciable biological production can occur.

From the biological production point of view all weed infestations in the pond
are undesirable and harmfuls However, emerging plants growing within a narrow fringe
zone along the dikes can help in breaking the action of waves and thereby prevent
erosion.

The general weed control methods fall under three mein heads as described belows

i. Mechanical methods

Hand clearing of aquatic weeds is the oldest, probably the most frequently used,
and the most arduous method. Meny species of emerging plants can be pulled out by
their roots when the growth startse Hand raking cen be effective for clearing sub-
merged weeds growing near the shore~lines Cutting the weeds with a sickle may also
be effective under some conditions. Rooted plants can be removed by dragging a wire
rope with a fixed pulley or winch,
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The cut or pulled up weeds should always be removed from the pond in order to
prevent further sprouting. Dead plants in the water disintegrate quickly causing
oxygen deficiencys

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

Power opera.fed weed cutters are also used to control agquatic vegetation and in
such cases the operations should be taken up frequently throughout the growing
geanons.

ii. Chemical methods

Several herbicides and weedicides are known to effectively control many species
of aquatic weeds in ponds, provided that the operator knows the species of the weed
present, the appropriate herbicide, the recommended dosages, the best period for
treatment and the volume of water to be treateds A few of the important herbicides
used for the control of aguatic weeds are mentioned belows

Copper sulphate: This is the oldest and most widely used chemical for the
control of algae. Dosages of 0«1 to 1 ppm are usually adequate, but sometimes it
would be necessary to resort to repeated applicationse The chemical is generally
not classed under the "dangerous" category in thet a 2.5 ppm copper sulphate solu-
+ion is not considered hammful in drinking water.

2,4-D (2,4 dichlorophenoxy acetic acid): This is claimed to be very effective
in kxilling the water hyacinth (Eichhornia crassipes). which is now a great menace
in Eastern Nepal. £4n 80 percent aqueous solution of the 2,4-D sodium salt (commer—
cially known as "Taficide — 80") by itself can produce a2 total kill of the hyacinth
at the rate of about 4 to 6 kg per hectare. Its effect appears to be cquickened by
the addition of a amall quantity (0«1 percent) of the detergent "surf" to the
aqueous solution. The plants are very susceptible to 2,4-D treatment in summer
when the temperature, humidity, amd subsequent rainfall help in the quick decomposi-
tion and dissolution of the dead vegetations The treatment does not cause mortality
of fishes.

Some other chemicals generally used for amquatic weed control are: 2,4,5-T,
Silvex, Dalapon, Simazine. However, the actual effects produced by these formula=
tions have not yet been clearly understood end hence are not recommended for
general use by pisciculturistse

iii. Biological methods

As indicated earlier, the grass carp can be effectively used for the control
of many types of submerged weeds. A population of 100 grass carps can check the
growth of weeds in a2 1 ha ponds The next best plant-eating fish is Puntius
Javanicus principally raised in Inlonesiae Many of the Tilapia species are also
effective water weed eaters.

Unfortunately there are some hammful water weeds which are not eaten by the
herbivorous fish., Many other weeds are eaten only when the fish is starving for
dayss It is also known that only the bigger (above 0.5-1 kg) grass carp can eat the
harder water plantse.

Another method of controlling the hammful water plants is to raise ducks in the
pords The ducks nibble at the leaves anl sprouts contimuously checking thereby at
least the proliferation of the weedss




. In general it may be stated that a fish oulturist should first explore the possi=
E bility of adopting biological weed control methodss Mechanical methods come next in
. the order of preference, followed by chemical methods which incidentally are the most
expensive and need maximum technical care amd skill,.

3e2:304 Providing nutrients in ponds

The importance of the mamiring and fertilization in modern fish oulture is
indisputables Both prectices aim at direct promotion of the biological preduotion by
providing nutrients for the primery producers in the ponde The food relationship in
8 pond stocked with different species of fish is indicated in Figure 32.

The use of excess amounts of manure or fertilizer is not only economically bad,
but also biologically harmfule The mamuring and fertilizing has to be done systemo~
tically and the resultant effecte in the pond have to be checked regularly.

Overdogses of manure are in most cases fatal to fish lifes The haphasard wiw- of
mamuring and fertilizing may do more harm than good.

The quantity and quality of the manure and fertilizers used must be accurately
recorded and economically evaluated after the oxopping. It is advisable to recoxd
datae concerning each pond separately on the proforma given belows

Fond Noe or pond name, area Years
Kind of manure
Date or fertilizer Quantity Prioe

At the end of the season it should be possible to find out how much fertiliser
or manure was necessary to produce 1 kg figh and the expenditure incurred for the
Bames

The role of mamuring and fertilizing:

Experiments carried out in various regions of the world have proved that
manuring with organic materials and fertilization with inorganic chemical compounds
can increase fish yields considerably.

The main factors goveming manuring end fertilising are the quantity of
materials used and the frequency of treatments, i.es, the distritution of mamre and/or
Fertilizer in time, and fall under three groups, vis. chemical, biological and
economioc.

Chemical factorss According to Hephery the water in a figh pond is "a compli=-
cated system of equilibria in which the bottom seil takes an active parte These
equilibria govern the cycles of the elements in the pond and their concentration in
the waters There is a close interaction between the chemical equilibria and various
physicel, biological and edaphic (environmental conditiong of the soil) factors euch
as temperature, photosynthesis, bottom soil composition, etc, These factore affect
and are at the same time affected by changes in the chemioal equilibria and the
grole of events in the pond."

1/ Hepher, B., Some limiting factors affecting the dose of fertilizers added to
1967 fizh)ponds, with special reference to the Near East. FAO Fish.Rep.,
44(3) 2 1=6
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The adding of mineral nmutrients in a pond by fertilising upsets the chemiocal
equilibrium, which however tends to stabilise itmelf and the added elements are with-
drewn from the water by various chemical and physico~chemical reactions, leaving only
& part of the fertilizers at the disposal of biological reactions.

Phosphorus is a very good example of this am it can be absorbed in bottom soil
colloids, precipitated as insoluble celcium phosphate, or bound by iron or aluminiwm
in an insoluble form. The nitrogen compounds added in the pond can also disappear in
different ways.

The rate of disappearance of the added fertiliser is dependant on the comoentre~
tion of the nutrients in the water, the higher the concentration the quicker the
- disappearances A conoentration of phosphates over 0.5 mg per litre is in most cases
| useless and the same is the came with concentration of N over 2.0 mg per litre. Over-
doses of manure may not affect the equilibria of elements but may badly influence the
biological processes and the oxygen content in the pond.

Biological factoras A part of the nutrients added as fertiliszer is tsken up by the
phytoplankton and serves the initial purpose of increasing the productivity. By
increasing the phytoplankton the whole food chain will theoretically be enlarged
resulting in inoreansed figh ylelds. However, the food chain and the growth of fish
are affected by a number of factors of which phytoplankton productivity is only one.
If one of those factors which affect the growth of fish becomes a limiting factors,
increasing phytoplankton production alone may not result in increased fish yielde In
such cases the fertilizer or manure added in the pond becomes uselsss or even harmful,

| Economic_factorst The effect of fertilizers on fish yield is governed by the lew
of diminishing returns beyond a certain-stage. This means that each successive
portion of the fertiliser ocauses a smaller return in yield, until such a point is
reached from where there ism no further increase in yield with the addition of ferti-
lizer. Prom the economic point of view the optimum dose which repays iteelf with the
highest profit from the yield of fish is reached before such a level, The optimun
effect of the fertilizer can be utilized only by an adequate stock of fish whioch makes
use of the inoreased biological production in the pond.

. All the factors mentioned above should be considered before finalising a
programme of fertilizing and manuring, taking care to avoid a wastage in material amd
time, and not to endanger the profitability of the whole operation. )

3020305 Mamuring

Organioc manures distrituted in the pond water stimulate and promote inoreased
biological production. Since the dry material content of the organic memure for the
most part is o compound of ocarbon (C) (40=-50 peroent), and carbon is the most impor-
tant constituent organic material in the body of living organiamms, the basis of
manuring is obvious. The conatruotion of living material bty the plants from compli=
cated organic compounds has already been desoribed.

In old practices the organic manure used to be scattered or placed in heaps at
the bottom of pondss This type of manuring has its limitations, as in the mud of the
fish pond there is usually leas or no dissolved oxygen pregent ond hence the greater
part of the ocarbon compounds become methane, & useless end=~products

If the manure is dissolved and/or finely distrituted in the produotion epace of
the pond, i.es in the column of water where the reducing bacteria are always present,
the decompomition of the complicated organic compounds to simpler ones down to oarbon
dioxide can take place, as the oxygen is usually present in surplus amounts in *hie
zonos The algae present there can immediately utilige the simple organic compounds
and carbon dioxide for the construction of living organic materials.




";’f'y”"mthor, the org‘nio manure has some phosphorus, nitrogen, poteassium, etos,
~ which will also be well distrituted in the water and can be utilised more fully by
' thi- mthod of npplicutton. : '

A 100 kg 2ot of pig manure ocontains ebout 8 kg of oarbon (C), which can theore-
+108lly produce sbout 15-16 kg algae (expressed in dry matter. From practioal
upouonoo it has been found that out of this amount of mamure about 3-4 kg or even
‘more fish can be produced. About the same amounts can be obtained using other

orgenic memures like cow dung, ohicken droppings, duck droppings, etc.
1e Int 3 ressive f! o, o e an followst

A manuring boat is generally used, which has an installed small motor pump of
capaoity (5=10 1 per second)s Water is pumped from the poml into a fixed tube fitted
on the side of boat and provided with a hopper. Wet manure is shovelled into the
hopper in which the pumped water runs at & high speeds While the boat is driven
through strip after atrip on the whole surface of the pond, the water jet produced
‘outs the mamre into fine pieces and pulverizesthe eolid parts. This mamure solution
is thrown on the surface of the pond, where it will sink and disperse.

In another method & soreen basket is hung on the side of the motor boat in such
& way that half of it is under water. When the boat moves forwaml fast water is
forced into the basket and will dissolve and disperse the manure, which is shovelled
contirivously within the basket.

The above methods can be adopted only in bigger ponds of say 20~50 ha. The
manuring is generally done daily or once in two days, or at least weekly.

In Nepal, sinoe the fish ponde are generally smaller, the above methods of
manuring may not be profitable. Hence the following modifications may be employed.

If a suitable boat is not available at the site, an old blowm=up car tube can be
used for manuring purposess In the middle portion of the tube a socreen basket may be
hung, in which the softened mamure is filled,  The tube ocan be pulled to and fro from
the bank of the pond, changing uniformly the course on the pond surface and during
the process the soft manure (kept soaked a day earlier) will be reduced to amall
pleces or get dissolved and get dispersed on the surface of the water, The screen
basket will have to be refilled as soon as it is empty.

If a small boat (punt) is available the soft manure can be mixed with water in
the boat and the solution thus obtained may be dispersed on the surface of the waters

On an average the quantity of the organio manure to be used monthly may be about
0e5=0+8 t per heotars (wet weight)e This means a dome of 20-35 kg per day per
heotare if the application is daily (with 25 working days per month), 30-50 kg per
heotare if once in 2 days (12 ¢ a month) or 120=150 kg per heotare 1f weekly.

In Nepal sinco man power is rether cheap it is advisable to undertake manmuring
daily or at least on altemate days.

Excess of organic manure in the pond can be harmful as decomposing organic
material will exhauet the dissolved oxygen content of the water, at firat near the
bottomy resulting in fish mortality.

Where the bottom ot\tho pond is poor in organic material, organic manure may be
distritutod at the rate of about 1 ¢ per heotare per year, preferably before inunde-
tions This will favour the development of a richer bottom fauna,
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The manuring should be done always before noon so that there will be enough day-
time (i.e. illumination) for the algae to benefit from the mamure.

ii. Ducks as mamuring "machines" in the pond

Rearing of ducks can be a very useful, cheap and highly profitable method of
providing organic manure continuously in the pond water. Fish-cum-duck culture is a
very wide-spread prectice in Europe and it is known that the ducks may raise the
natural yield in the fish ponds two-or three-fold.

The effective number of ducks to be reared in a fish pond in the temperate
areas is about 500 per hectare per years But no experience is yet available
regarding the number of ducks needed in subtropiocal areas where the period of fish
oultivation is almost double that in Europe.

iii. The main advantages of fish-cum-duck culture are:

. (a) A properly adapted flock of ducks will stay in the pond throughout the
day and nighte The highly valued mamure of ducks (about 5-7 kg per
duck in 50 days) is well distributed in the pond waters From the
manure of 3=4 ducks an increese of fish production of about 1 kg can be
expected.

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

(c) The ducks eat the soft weeds in the pond and thus control the wild
growth of the hammful plants.

(d) The ducks eat the snails, tadpoles anml bigger water bugs in the pond,
which otherwise remain unutilized by the carps.

(e) By the culture of ducks in ponds the production (duck + fish) can be
raiged by about 1=1.5 t per hectare per year.

The only disadvantage in fish-cum-duck culture appears to be the damage caused
sometimes to the dikes, but this can be awoided 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 pond during the rainy seasons They should be cut repeatedly during
the latter half of the rainy season, bound with strong wioker into sheaves and
nailed to poles driven into the pomd Yottom along the shore. Fish food orgenisme,
mostly insect larvae, will grow on the rotting sheaves. Further, the common carp
and other fish species will eat the deocayed plant materials Also the carbon dioxide
and other organic and inorgeanio materials may be released during the decaying, which
will benefit photosynthesis and primary production in the pond. If: the pond has an
appreciable number of grass carps, hewed grass can be thrown daily into the pond as
foode '

ve Rotation of fish oulture and oultivation of plants

Oonditions in Nepal favour the alternation of fish culture with cultivation of
plante in the same year in order to Keep the pond mud rich in organic matter.
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An adequate growth of common carp can be schieved in Nepal during the reiny
seagon of sbout 100-120 days. If an area is enocircled with dikes and provided with
necesgary inlet and outlet structures, it can be used as a fish growing place during
the monsoon and subsequently when the water becomes inadequate for fish life, it can
be utilized for irrigation of those aress which are on & lower level than the pond.
The pond area itmelf can be ploughed and sowed with seeds of winter plants like
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the plant which remain in the pond soil will contribute to the biological production
during the next rainy season.

This type of fish culture can be practised very effectively in areas where

is dimprovement of the soil for aegrizultural use is necessary,
iis frequent floodes endanger the orupa,
iii» water supply is not adequate for Tish oulture during the dry seasons, and \

ive seepage rate of the soil is high.

302.306 Fertilization

" In most cases of organic manuring, the quantity of phosphates and nitrates
available is not appreciable and hence for the purpose of cbtaining a production of
organic material of higher scale, more phosphorous and nitrogen compounds will be
needed,

The inorganic and organic phosphate compounds are involved in the production of
organic materials, especially of proteins, and hence phosphate fertilizers are bene-
ficial. '

The phosphate fertilizer will often be trapped in the mud of the pond. Onoe
the mud takes in the phosphates it will hardly be released againe So it may happen
also that phosphates are present in the pond, but cannot be used by organiems, as
only those parts of the compounds which are dissolved and well distributed in the
water are accessible to the algae.

The need for phosphates is constant and hence the maximum effect ocan be
achieved by phosphate fertilization specially if distributed daily in the pond water.
But the daily requiremesnt of plosphaie is relatively little with the result that it
is quite impossible to distribute it uniformly in the whole pond area. In Hungary,
where many fish culturists apply pig manure in the ponds, the daily phosphate dose
is mixed with the mamre before application, thus achieving a uniform distritution.
(Another important reason for mixing the organic manure with inorganic phosphate is
that as time passes the latter gets converted into organio phosphate compounds.)

The algae floating in the water cannot searoh for the necessary phosphates
needed for aseimilation and so there will be no bensfit derived from the latter if
they are juat thrown in one cornmer of the pond., Uniform distribution is a must
when fertilizers are added in the pond.

The distribution of fertilizers in a pond in time im another important factor
to be taken into consideration. Fommerly it used to be suggested that application
of phosphates once or twioe & year will be advantageouss However, at that time
vexry little was known about the trapping of phosphates by the mud.

Where daily manuring ie practised the easiest way is to mix the phosphate
fertilizer with the manure a few daya before application. It has been found by many
workera that 0,2<0.5 mg per litre of dissolved P205 ie suffiocient to maintain a high
level aseimilation rate of the planktonic algae.
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In Isresl a scientifically proved technique has been developed by epplying

60 kg superphosphate and 60 kg ammonium sulphate per hectare once every two weekse
Till suitable doses are standardiszed the same technique can be adopted in Nepal almo.
However, since hbour is cheaper than in Israel distribution oan be done weekly,
using & half or a quarter of the dose mentioned. Preliminary experiments have shown
that fertilising with half the quantity mentioned (half standaxd dose) has quite the
‘same effect during ths autumn season.

The following fertilisers are available.in Nepalt
Complesal (20 percent (Im4)2 ao4 and 20 percent P2°5)
Superphosphate single (16 percent P2°5)

rphosphate triple (48 percent P, 05)
&f:hil compound is too concentrated)

15=15=15 (15 percent N, 15 percent 9205. 15 percent k)

Complesal and single superphosphate appear to be the most smitable fertilisers for
fish ponds and the suggested quantities per heotare ares 30-40 kg complesal or
35=45 kg single superphosphate applied bi=weekly or half of the quantity every week.

In Terai and Imner Terai the produotion period lasts for 26-28 weeks which
means that 400-500 kg of complesal or 450-600 kg of single superphosphate would be
required per heotare per year. For the rearing ponds which are in use between March
and June, 240-320 kg of complesal or single superphosphate would be needed.

Because the intensity of carp culture in Nepal is now far less than in Israsl,
it would be advissble to start with lesser quantities of fertilisers. BSome suggested
initial domes ares 10-15 kg complesal per heotare bi-weekly, 58 kg per heotare
weakly, 20-25 kg single superphosphate per hectare bi-weekly, or 10-12 kg per
heotare weekly,

Applying the fertilisers in the inflowing water will not give satisfactory
results as it may flow out directly without mixing with the pond water or the inflow
may get stagnated around the inlet structure.

i. PFertilisers with niirogen compounds

The most important chemical compounds of the living organimms are the proteins.
Bince proteins have about 17 percent nitrogen content, the importance of the role of
the inorgenic nitrogen compounds as roaw materials in the production process of the
pond is obvious,

The benefiocial effeot of nitrogen fertilicers in agriculture is well known.
About 20 years ngo Huropean authors used to indioate that fertilising the fish pond
with nitrogen fertilisers in useless and uneconomioals It had been olaimed that a
major portion of the inorganic nitrogen compounds are broken down to nitrogen gus by
the somonlled "denitrification bacteria" and thereby of no use as raw material for
the construoction of proteins. According to one partioular author about 20 kg per
heotare per year nitrogen compounds (mostly nitrites and nitrates) are provided from
the air and washed in by the rains. This quantity is equal to about 100 kg 20 per-
oent nitrogen fertilisers It has aloo been stated that some baoteria and dlue-green
algae are able to bind nitrogen ges dissolved in wator, producing in this way
proteinse About 15 to 20 yenrs ago other mcientists found that many algae common in
pornds and lakes are able to bind dissolved nitrogen gase These findinge also have
eupported the theory of "selfesupply" of nitrogen compounds as indioated above.




Some other authors have stressed the hammful effects of nitmg_gn compounds distributed
in ponds, stating that the highly poisonous ammonium ion (NH,”) can develop from
nitrogen fertilisers if the pH is high (approx. 9)s Ammonia 1s & nerve poison and can
kill the fish.

On the other hand, very high ylelds of fish have been achieved year after year in
Insrael during the last decade by application of inorganic nitrogen compounds as ferti-
1isers. Ammonium sulphate, ammonium nitrate, carbamide,liquid ammonia, eto., are
used in such practices.

The contrsdiotion between the European and Israeli experiences can be explained
as followss In Europe, under temperate olimatic conditions, the fish ylield huzboen
about 0,3~0.5 t per hectare and the stock not denser then about 1 fish per 20 m™»

But in Israel, under subtropical comditions, the yield is about,2 ¢t per hectare on the
average and the stock adequately denser, about 1 fish per 2-5m .

It thus follows that,for the comparatively lesser intensity of production
process in Buropean ponds, nitrogen compounds derived from nature have been found to
be sufficient, but for the increased production rates in the subtropical waters extre
nitrogen supply is necessary.

It ocan therefore be generalized that for a lower rate of production the bene-
ficial effecte of nitrogen fertilizers are negligible, but where the pond management
practicea are adequately intensive and the fish population is sufficiently dense, it
would be necessary to apply nitrogen fertilizers.

In Nepal sufficient experience is not yet available on the use of nitrogen
fertilisers and hence the Israsli example could be followed by using 30-40 kg ammonium
sulphate bi-weekly or 15=-20 kg weekly, together with the phosphorous fertilizers. The
ratio of P and N compounds dissolved in the water may be 134 am detemmined by Swingle
and Smith.

il Caloum fertilisers

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

In Burope large quantities of different kinds of calcium fertilizers are applied
with obvious beneficial effectas Calcium fertilizers are applied in ponds where the
pH is near 7 or less due to presence of humic acids or other chemical compounds, or
in those lacking in dissolved inorganic materials. For corxrection of pH it will be
neocessary tc dissolve & large quantity (1~2 ¢ per hectare) of slaked lime or other
ocalocium fertilizers, to obtain satiefactory results.

For normal fertilising when the aim is to enrich the caloium content of the water
or to keep the hydrooarbonates in solution and to bind the 0, gas, 400-600 kg calcium
fortilizer per year per hectare is used.

The usefulness of calcium fertilizers depends on the oaloium content of the pond
wil and on the dissolved caloium content of the water supply. If the pond water has
50 mg or more of dissolved caloium per litre, appliocation of caloium fertilizer would
not be necessarys If the water has & higher magnesium content or even the sodium or
potassium content is high enough, all of which can substitute the caloium as hydro-
oarbonate holder in the pond, application of caloium fertilizers may not be necessary.
No experience is yet available in Nepal concerning use of Ca fertilizersm.




-5 =

iii. Trace elements as fertilizers

Experiments conducted using manganese (Mn), boron (Bo) and molybdenum (Mo)
compounds as pond fertilizers have shown the beneficial effect of these so=called
trace elementas. But no practical method has yet been developed for the application
of trace elements as fertilizers in fish ponds.

3e2e367 Disadvantages of over-manuring and over-fertilization

The adverse effeots produced by decomposed manure at the pond bottom have
already been emphagizeds Over-manuring cen also cause the so-called "self-
contamination" (autocontemination) of the water body in which the living organisms
die suddenly and their rapidly decaying bodies consume the dissolved oxygene

The pond water is incapable of storing and economizing the manure added, If the
quantity of manmure required for one month is given together on one day, the
orgenisms which are responsible for the decomposition of organic materials will act
immediately using the oxygen available and cause oxygen deficiency.

It is not advisable to distribute in the pond at one time even the amount of
manure required for one or two weekse For example if the daily requirement is
30 kg per hectare, it would be very dangerous to distrimte 400 kg per hectare
bi-weekly. The amount which can be distributed should not exceed 150-200 kg per
hectare on each applicatione. - .
Over-doses of phosphate fertilizers may not result in direct fish mortality and
hence are not as hammful as excess of organic manure.

All fertilizers with ammonium content can be very hammful if the pH of the
water becomes too high, over 8-8.9« In such cases ammonia may develop in the water
which is & direct fisgh poison attacking the nervous systeme The ammonia can be
absorbed between the mud particles and released by a sudden change of air 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 ppm, while the carp will die only at 2~5 ppm.

Quick lime used as fertilizer can cause damage to the fine tissue coating of the
gills resulting in death of the fishe It is therefore not adviseble to use more
than 300-400 kg quick lime or freghly slaked lime per hectare per epplication, the
safest 1limit however being 100-200 kg. '

Quick lime and phosphate may react together producing an insoluble compound of
calcium phosphate and hence an interval of two weeks should be allowed between the
application of phosphates and liminge.

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

When a new method or new fertilizer is tried it should be done in a single pond
with the adequate precautions. On the basis of the experience gained the method may
be extended to other ponds.




| 30244 Fesding of Cultivated Pigh
3026401 General remarkes on_lruﬁoiﬂ. feeding of fishez:.in pondes

Systematic feeding is essential for sucoessful common carp oulture and if the
pisciculturist wishes to have higher yields, the fislies have to be kept adequately
fode The feed should be distributed properly every day and suitably checked whethay
it is oaten hy the fishs If food shortage is expected, arrangsments will have to be
nade for providing food for at least maintenance. Sudden interruption of fesding is
hamful and hence it would be bstter to give smaller rations over a longer period.

The common problems in artificial feeding of fish aret over=feedingj the feed
supplied is utiliged Ly animals other than fishi the feed ip not consumed at all and
it rote at the bottom of the pond} too expensive feedn} lesser mutritive value of
the feed (than expeoted); and the feeding is not adjusted in relation to the avai-
lable natural food andl with the fish stock.

" Recording of feeding datat the quantity and quality of feed distributed daily
in ths ponds must be recorded separately for each ponds This is not difficult as
the figures may change only bi-weekly or moathly. It is important to record the
price of feed alsos The following proforma may be used for recording the datas

Yeart
Feed supplied
Date Fond No. Pond Nos Pond No.
Day and month | jeed  Frice Feed Prioc Feed Price
(kg) (NeRse) | (ke) (NeRse) | (k) (NeRs)

The quantity and price for each month may be summed up and total made at the end
of the production periods From these yleld data the effectiveness of feeding and the
cost of production can be evaluated.

units which produce fish at a
roducts with similar mutritive

The fish faxms should be self-supporting econor=
price competitive with other sources or other anima
value,

The firat conamideration in feeding is whether the operation would be economio
and whether the yield based on the ponds' natural food alone will cover the cost of
production and leave some profit.

The fixed costs in fish culture are so high that they can be covered only by
high yieldss The invested capital for comstructing the ponds, water supply arrange=
ments, buildings, gears, cost of fertilizers, etce.,are almost the same whether the
fish are fed or note There will be some difference in labour costs which are higher
when fish are feds If feed is available at a reasonable cost the inocrease in yield
due to feeding will result in a comparatively higher profit.

The traditional practices of Chinese fish farmmers as well as modern scientifio
findings show that highest yields at loweat costs ocan be achieved by a mixed oculture
of fish species with different food habitss By ocarefully menipulating the number and
size of each species stocked in mixed culture, the naturel food in the pondswill be
fully utilized, Artificial feeding in such ponds cen result in additional yields.

Food and fertilizers comprise a major component of the production cost (about
40-60 percent) and therefore this problem is considered here in detail.




3420402 Utilisation of the food eaten by the fish

The food eaten by the fish will be utilised after digestion and absorption
gonerally in two wayse Ome part of the food serves to maintain the fish alive and
the other for growth.

If a fish geta food only to cover ita maintenance needs it will not grow, which
means that the food eaten will not contribute to any inorease in yields If the food
available does not cover the need for maintenance the fish will lose its body weighte
The early fry and amall fingerlings have no reserves in their tissues and hence after
& fow days of starvation they usually die of hungere

The daily amount of the food for maintenance (muintenance food) is related to
the surface of the fish body and not to the body welght; as for example, 10 fish of
weight 100 g each need far more food for maintenance than 5 fish of 200 g each or one
of 1 000 g weighte

The quantity of food required for maintenance depends also on the activity of
the fish, which is olosely conneoted with the tempereture of the enviromments In
oold waters the aotivity of mout fish species slow down considerably and so the need
for food for maintenance deoressens

The rata of metabolism and with that the rate of using maintenance energy,
changes mgu the temperaturs in the "cold-blooded" animalse For a rise in tempere-
ture by 10°C the rate of metaboliem may be doubledoor even tripleds Thus, the
nintem.noa energy in a fish living in water of 25 C will be doubled or tripled over

that at 15 Ce
Available data on the maintenance food of the common carp are given belows
aint ) 1/ ent of the common ca at 25°C
Maintenance food
e Food requirement
Weight of Daily ration requirement of 1 ¢
fish per fish gzxfﬁ':‘;'?f of fish, without
(& (e) fish weight “}’:""; food
10 0,21 2.1 2140
20 0«41 2.05 20.5
50 0495 1.9 19,0
(] 1036 1.8 1841
100 1.7 17 17.0
200 2.6 143 13.0
300 344 113 1143
400 4e2 1405 1045
500 5¢0 1.0 10,0
600 546 0.93 9.3
700 6e2 0.88 8.8
800 6.8 0.85 8¢5
900 T4 0,82 842
1 000 840 0.8 840

1/ The food here is greins with a food quotient 4=4e5
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The carp can generally utilize carbohydrates, fats and proteins for maintenancs
purposess But if the carbohydrates are available in the food items they will be
utilized firats The common carp can never get sufficient carbohydrates from natural
food to cover maintenance needse In such cases proteins will be used, which amounts
4o squandering valuable food materials On the other hand the proteins available 1o
the fish in the naturel food should be utilized for growth (increasing the body
wo:lght). It is therefore imperative that the cheaper carbohydrate feeds capable of
covering at least all the maintenance energy needs of the figh are supplied in the
fish ponds That part of the food which remains after covering the maintenance needs
will be utilized by the fish for increasing the body weights 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 its requirements of maintenance energy solely
with cartohydrates, proteins are essential for growthe Certain amount of increase
in the body welght can be achieved by carbohydrates also as the carbohydrates can be
turmed into fats, but this process is better temed as fattening than growth.

The protein sources for the carp masy be of animal or plant origine The proteins
of animal origin contain all the necessary amino-acids needed to build fish flesh
and other body tissuess The proteins of plant origin may lack some essential amino-
acids and therefore they camnot entirely cover the energy needs of the common carpe
Experimental obmervations have clearly indicated that in oxder to ensure adequate
growth, about 20 percent of the diet of the carp should be proteins of animal origin.

If the growth of fish is fast enough due to availability of sufficient quantity
of food in the pond, the period of production will be comparatively short and the
production balance will be in favour of the part of food serving growths Because the
food eaten for maintenance does not cause any measurable change in the body weight of
the fish, one can eapily imagine the adverse effect of food shortege in the pond
during the growing period. Therefore the population density must be regulated
according to the available food (both naturel and artificial) in the pond, by
harvesting those fish which have reached marketable sizes

Growth of Common Carp ®

General remarks on growth

It is necessary that a cultured fish should be fast growing. Slow growing
gpecies anl thope which get stunted but attain sexual maturity as "dwarfs" under
crowded comditions are generally no suitable for cultivatione

The growth rates of different strains of the common carp show wide variations.
Fast growth ooccurs 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 and condition of development
of the gonads, and last but not least, the state of healths The growth of an older
fish is slower than of a younger onee. A bigger fish up to a certain limit has a
greater food capacity and may grow faster than a emall ones Attainment of sexual
maturity slows down the growth in most cases anl the surplus of the food intake will
serve for the development of the gonadse It is known thaet the male carp grows slower
than the females A fish infected by disease or one in bad health loses its appetite
which naturelly affects the growth rate. Under conditions of low temperature the
carp may lose its appetite resulting in retardation or even cessation of growthe low
oxygen concentrations (0.5-0.8 ppm) may also adversely influence the appetite of the
carpe
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The growth of a fish im generally expressed as the increase in weight during a
given periode - Other -methods of expressing growth ares

i« the time required for doubling of the actual body weight,
ii. daily increase of the body weight within a given time, and
iije. the daily increase of body weight as a percentage of the actual weighte

The doubling of ths body weight and the daily growth as percemtage of the body
weight are closely inter-related, as will be seen from the table given belowt

Daily growth as percent Number of days required |.
of the actual for doubling the
body weight initial body weight

1 T0
2 35
I 3 24
o 4 18
5 15
6 12
T* 10
8 9
9% 8
10 * 1
15 % 5

20 * 3.9

30 % 2.6

40 * 20

* such rapid growth can occur only in case of fry and Tingerlings

3026562 Growth of common carp during the early stages
1 The growth of the carp fry after hatching is rather rapid, as indicated below:

live weight of a carp after hatchingt 0,0026 g
Live weight when starting to feed: 0.,0025 g
Live weight 15 days after hatching: 0.0845 ¢

The above data obtained under laboratory conditions show a daily increase of
welght by 20-40 percent. Under natural conditions the growth rate will be much
fasters

Such vexry fast growth rates occur only because the gut capacity of the fry as
compared to its body, is rather highe This ratio lessens with increasing weight of
the fishe Thus the time for doubling of the weight will be longer when the fish
grows bigger. The most important requirement for maintaining the growth rate during
the early age of the fish is presence of appropriate density of food materiale The
fry can find amd catch only those focd items which it can see and cammot search for
thems Such a habit requires the presence of a high density of food itemse During
its period of life the carp is capable of eating continuously. The daily memu of a
T=12 days old carp fry is an average of 200~400 Cyclops or Diaptomuse

The basic food material required for the growth of the fry is animal protein,
which is obtained from small planktonic animalse This food can be partly substituted
with animal protein-rich artificial feede Within 20~25 days the carp fry can achieve
1 g weight, presuming the ad libitum (without limit) feeding conditionss In order to
_produce such conditions for the fry, proper mamuring and fertilizing are important
and artificial feeding is also of secondary importance.
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In a commercial figh famm in Nepal it is desirable to ensure that the common
young carp grows to 20=50 g within 60-80 dayse.

The daily increase in body weight and the doubling time lessen correspondingly
with the growth of the fish. A 0.0025 g starting weight of the carp fry shall double
about 9 times to become 1 g+ A fingerling of 1 g weight will be of 16 g after
4 doublingse Two more doublings will be necessaxry to increase the weight to 64 g
A total of 9 doublings of weight are needed for a carp of 1 g to become 512 g which
io the general marketable size.

| 3426543 Crowth of common carp during advanced stages

The teble below indicates the minimum and desireble growth rates of common carp
| of different weights: ,

Weight . Desirable daily Period (in days) for achievement of
increaset increase in
from=to b weight . s
(8) ?gro en%l Maximum weight Desireble weight
0,025-1 T-20 45 30
- 10 4-8 60 30
10~ 50 3-6 60-65 30
50-100 1e5-3 - 50-70 20-30
100=-200 1=2 T0 . 3035
200-400 1=1e5 0 35-50
400-800 048142 90 50-65
Total days 435~470 225-270

The table below shows 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) Total } Weight (g) Total

Date |Month Date | Month
At 1% At 2% | devs ¢ At % At 26 | d8ys
e 50,0  50.0 | 1 || 10 34.0  370.0 | 100
15 120.8  409.1 | 105
:g 1 gg:g gg:; :‘5’ 20 | 4 |148.0 451.7| 110
20 612 16,5 | 20 || ¥ 1635 3506 | 120
30 67.6 93.1 30 10 180.7 671.2 | 130
10 w1 s | 0|12 |5 (o s | o
B2 | B 1zl Bl 222.7  997+4 | 150
30 91,2 16847 60 10 2567 1 193-5 120
15 270.0 1 298.5 | 165
AN AR Rl
20 | 3 109 2493 | 80 || R B
30 121.3  304.0° | 90 10 34642 190
20 382.4 200
30 424.0 210
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eeding of Common Ca.

de2.641 . QGeneral remarks

There are four main types of operations concerned with feeding of the common
oarps .

i. The fish is not provided with any artificial feed and its maintenance and
growih depend entirely on natural food {extensive pond management) «

ii. The fish gats 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 actual body weight of artifioial feed
(mostly carbohydrate-rich food grains) daily and since this is more then the
maintenance need, a part of it ip used for growth. However, here also the
natural food has an important and indispensable role (ebout half of the food
required for growth is derived from natural sources). .

ive The fish gets balanced food containing about 30-40 percent protein of which
20 percent is of animal origin, several times a 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
practised in small and intensively stocked ponds provided with running waters

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
natural 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 times in the third type
assuming that the productivity levels of the ponds are more or less similar.

In subtropical countries like Nepal, since food grains are rather expensive and
usually needed for human consumption, only by-products, wastes and spoiled grains can
generally be chosen as fish feedse If food grains are available at an acceptable
price, it has to be considered whether using them as fish feed will be economical,

To find out the profitability of feeding with food grains it is necessary to know
their food quotients from which the cost benefit ratio may be calculateds

Examplet If the food quotient of & food item is 4.5, the price of 4.5 kg food
together with transport and distribution costs and 10-20 percent of the total
costs as extras should be less than the selling price of 1 kg fishe The diffe=
rence between the two values will be the profite

If the feeding is intended only to provide the maintenance food of the fish
stock present in the pond, the calculation of the cost benefit ratio can be more
liberale This type of feeding provides indirect benefits which cannot be calculated
beforehand, such as the value of natural protein food saved for growth, better
exploitation of the natural food by a denser fish population, etc.

Too dense population of fish without feeding will result in very poor growth as
the fish will use the natural food which is rich in proteins only for maintenance.
At the same time if high-carbohydrate feeds are added without fertilizing or manmuring,
the utilization of the artificial feed will be unbalanced as the stock will not get
sufficient natural food.

—




The common oarp is capable of growing up to 1 to 1.5 kg within 150-200 days if
naturel and artificial food is available in eadequate quantity, The stoock muet,
however, be thine On the other hamd, if the growth of ths gtock is too slow due to
inadequate management practices the yield cannot be increased by extending the
production periods On the contrery the yleld may deorease under such circumstances.
Optimum yields can be expected with & medium growth rete which does not exceed
1=1¢5 percent of the body weight per deye

3e246s2 Artificial feeds of common oarp

The expression "artifioial feed" is rather deceptive am it is not meant to
inolude only man-made items like pelleted feeds. The term artificial feed includes
in general all foodstuffs whioh are given to the fish %o promote and contritute to
growth in a direct ways (The fertilizing and manuring processes also mean & promo-
tion of the growth of the figh but in an indireot way.)

Since the common carp is an omnivorous figh the artificisl feeds may be a
variety of items like food grains, mill sweepings, bren, distill wastes, fine
pulp of clover, lucerne or tender grass, cooked or ensiled potato (potato ensilage),
fish, cadaver meal, etce The fish eat spoiled food greins and other foodstuffs,

The various artificial feed items of carp ocan be classified on the basis of
their origin, or on the basis of their protein content.

Feeds of plant origing
ie« Food grains
iis Tubers and roots

iile By-products and wastes of the agrioulturel industry (molasses, bran, mill
sweeps, pulp of fermented greins, tubers, eto.)

ive Extracted oilseeds (oiloakes)

ve Remains of grein cleaning (riddle wastes)
vi. Pulp of green plants,

Feeds of animal origins

i. Meat meal, blood meal, fish meal, etc.

iie Dried beetles, silkworm pupae, dried gresshoppers, termites, earth woms,
eto,

iii. Cooked meat of mollusos )
ive Minoed frogs, tadpoles, snakes, etos (mostly mixed with food=grain flour)e

The food values of the different items depend on their ohemioal composition as
shown in the tables belows




White 1 L]

Potato® (cooked
. or fermented)

Wheat bren
Riddle wastage
Condemned flour
Cagtor oiloake
Soybean (China)
Rice (broken)

‘ Cotton seed

(India)

Sweet potato
(Malayeia)

Nustaxd seed
oake (China)

| Rice bren

(coarse)

! | Rice bran

(China)
Soybean ceke
Rice meal

Digestivle | g0 | Orude [ | 0 | poea | ] Diewstivie
P @ | |9 | 9 | mostemd] BER-
20 | 6060 | aes | 201] 13| 4ede5 | 181205

9.0 6560 | 149 149 4~4e5 18947
740 50,0 24} Je5] 244 45 1812s5
Te3 48,0 444 847 5 1812
1646 4040 149 de) cooked 11542
17.0 44.0 1.9 S5e8 ] 340 | 2e5=3e5 185¢1

87 23.5 28,0 Te3 12e3 | 340 2:5=340 18347

33.5 126 30,0 Oe1 18] 1.0 12=15 1320

871 10.0 2000 | 4e6 | 10e1 405=1 188.7

87 12,0 2440 6e5 141 6&=17 1872

a7 12,0 70,0 39 2.5 4e5=6 1872

90 2640 400 140 3330 4‘5 18344

90.0 2949 25.0 1844 4.8 .50

88.6 15 T9.9 0e5 02| 0.5

91.0 16.5 29.7 19.3 199 | 403

25¢4 13 2247 0p1 0.8 | 0.5

8948 2446 417 Ted Tet] 153

90,5 62 37.8 267 3341 ] 10,7

8900 13.7 37.0 179 6.8 13.6

8949 4049 357 3e5 Aed | 5¢5

89+0 13 44?3 1.7 12,9 | 8.8

174 zo:: g:;lont denotes the quantity of food in kg that wuld be necessary to produce

g/ Cooked or fomgntd




Be Animal products

| Fo o'dy,'i.,temn P D;y %ttor cnmgé;otein Garbolg‘t)lmtel Orm(ii)fa.t ?;i\
Fish fresh (trash) 28.0 142 - 1.5 10,7
Fish meal 8740 61.0 165 35 2140
Blood meal 86.0 81,0 165 0.8 2.7
8ilkworm pupae (fresh 3544 1941 243 12,8 1.2
S8ilkworm pupae @ried) 90.0 5549 646 245 149
River snail (whole) 6342 5¢7 2.0 0.7 5448
River snail (flesh) 21.6 12,2 443 144 3e7
Mugsels (freshwater) 2004 18.4 0.8 T1e2
Dried shrimps (small) 82.8 5545 44 " 545 17.6
Gammarus (dried) 85.9 247 540 3446
Aquatic worms 18.9 8.6 44 144
Locusts (fresh) 3441 2545 1.4 2.0 2,2
Chironomids (fresh) 1641 9e1 13.6 Te1

All feeds of animal origin are rich in protein content.

The general average weights and caloric values of selected animal fish food organi sme

Weight of one Water Caloric value | Nitrogen
Organiom specimen (mg) () of 1 mg content

fresh | dried (dry weight)
Daphnia pulex 0.343| 0,032 | 90,7 3.98 9429
Dephnia magna 0436 ' 3.58 Te14
Diaptomus spe 0.14 | 0,018 |87.4 8.3
Diaptomus sps 009 | 0,011 | 8749 44563 2446
Tubifex sp. 3.58 | 0472 [ 7949 4,19 8.63
Lumbrioulus variegatus | 11¢38 | 1.73 | 84456 4419 8,80
Asellus aquatious 2630 | 5.74 |18.2 2.86 T+26
Chironomus plumosus 40011 15015 |87.24 3+90 8447
Chironomus plumosus 21472 | 2455 |8843 4469 9+06
Chironomus M 9.44 1024 8016 444 8.92
Corethre plumicornis 3,81 | 0.43 |88.88 3.93 1073
glooon digtemm 354 069 80050 451 23.7




3424643 Food capacity of the common carp and the "golden rules" for carp feeding

The smount of food taken daily by e carp depends on its actusl food capaoity as
well as the speed of digestion. The food capacity is detemined by the size of the
fore part of the guts The caxp and allied fishes have no stomach (mew), i.esy after
the phort oesophagus the intestine follows immediately. (The first part of the
intestine is enlarged and looks like a primitive stomach, but no acidic reaction as
in the real stomach is obaerved here.)

The relative capacity of the gut of & mmaller size fish is considerebly greater
than of a bigger one and hence the early fry and fingerlings are able to take more
food as compared to its body welght, than the adultse. Tha capacity of the gut oan
tie enlarged artifioclally by giving the advanced fingerlings bulky food items like
flour, orushed grains, bran, oilcakes, etcs

The speed of digestion depends on the temperature of the wager and the physiolo-
glcal condition of the fishe At higher temperatures (over 20~25 C) the speed of
digestion is rather high and so an adult carp can renew the gut contents 3 or 4
times in a day. At the fry stage the time interval between the ingestion and excre-
tion processes is very short amd hence the gut contents can be renewed very often
during the day.

At lower temperatures the digestion process slows down and sround 10-15°c the
gt contents are renewed only once & daye The effectiveness of the digestive
ferments (enzymes) is alsc more at higher temperatures. Likewime the peristaltic
movement of the gut is also faster at higher temperatures, which means that the
enzymes in the gut can act on the food only for a short time. However, it may so
happen that a reasonable part of the artificial feed (eaten hurriedly and poorly
chewed) remains undigested and therefore partly wasted. However, other fishes may
eat the excreta of high nuitritive value and thus the wastage in .a densely populated
pond where mixed culture is in progress will be very little.

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

is At higher temperatures (above 20-22°c) more food can be offered than at
lower temperaturese . .

iie The da.ily‘ feeding programme may be 5-6 fimee for fry and 3-4 times for
fingerlings using emall quantities cach time with a view to supplying food
continuouslye

iiis In oxder to achieve better chewing and proper digestion, sosked food greins
only may be esupplied to the fishs

ive 1If the daily food supply for bigger fish is above 3~4 percent of the body
weight, it would be advigable to offer the feed two times a day, producing
in this way a sound competition at the feeding places.

ve The carp can swallow milled or crushed food immediately, whereas the soaked
full grains will be consumed only efter chewinge It is therefore advisable
to offer sosked full graine to those fish which can chew theme Carp of
40-50 g and above 100 g cen chew full barley or wheat, and full grain maize
respectively.

vie When finely milled or crushed food is given without soaking, some of the
fine particles will get drifted away in the water and thereby lost as food.
This fact must be taken into consideration if one wante to spare the soaking.




viie The carp generally gets acoustomed to feeding times and hence the feeding
gohedules worked out may be followed strictlye.

viii. If the food supplied is eaten within 3-4 hours, the food ratio may be conei-
dered as adequate.

ix. Care must be taken in every respect to avoid wastage aml gain the best
possible benefit from the feed offereds Certain feeding places in the pond
may not be favoured by the fish aml under such conditions the actual feeding
aspot may be shifted to another aide.

3024604 Preparation of food

There are four different methods of food preparationt

i. Mechanical preparations (milling, crushing, griniling, chopping, pulping, etce)

* A1l mechenical preparations make the food easier to chew and swallows However,
crushing or grinding of the food is not necessary in all cases and it can sometimes
even be disadvantageouse A bigger fish camnot teke in small particles of milled food
which float in the water, in which case it would be advisable to meke a dough by
kneading with water. Further, the water dissolves more nutrients from milled or
crushed food than from whole grains so that if not eaten immediately, its food value
will be reduced. Another disasdvantage is that the emaller wild fish can easily eat
_the small food particles and since they may appear immediately at the feeding place,
will eat most of the feed supplied.

The necessity for mechanical preparation, therefore, depends on the size of fish
to be fed.

Grass and other plant materials are best prepared by chopping or pulpings The
common carp ests finely chopped or pulped plant materialsy especially the clover and
lucerne (in Furope) emd can digest and utilize them effectively. The cultivated cat-
fish Pangasius eats chopped plants mixed with rice bran or meal of other grains.
Common carp fingerlings can be fed with finely ground or pulped clover or leaf of
lucerne mixed with equal quantity of flour.

iis Sozking

Soaking is the most important method for preparation of food for the common carpe
As indicated earlier it is advantageous to soak even the orushed or milled food before
supply in the ponde In warm water ponds the carp consumes the grain immediately and
hence presozking is always advisables

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

The generel organization of the work may be as followss The feeding programme
may be started early in the morming amd after emptying the container fresh food may
be kept soaked with adequate quantity of water.

iii. Cooking or steaming

This is an expensive method of preparation in view of the fuel consumed and work
involved. However, for some food items like peas, beans, potato, eggs, eice, this
type of preparation is unavoidables For feeding fingerlings, supply of cooked food is
is often advisables




ive h other material

The advantages of mixing the food with other substances are many. In some cases
the aims will be only palatability, dut in other ocases it would be necessary to
ocomplete the mutritive requirement. Naintenance of adequate proteinscarbohydrate
ratio is essential in the case of fry, fingerlings and drood fishe In some cases the
food mixed with minerals (lime) or yellow clay helps to prevent oocurrence of body
defeots like osteomalacia. In earlier years milled food used to be mixed with
5=6 percent yellow clay in oxder to keep together the fine particles, to provide
nscensary oalcium for the development of bones, and to achieve better digestibility.
T4 would be very much advisable to adopt this preactioce for the feeding of fingerlings
with flour or other finely milled food materialse The clay used must be pulverised
and mixed with the flour in the dry atage, i.0.y before & dough is made.

3024645 Quantity of food to be given

If the actual number of carps present in the pond is not correctly estimated,
the time required for consumption of ths food supplied at specific feeding places in
the pond will give approximate indication of the quantity of food to be added, If
the fish consume the food within 1 hour, it would mean that about 1 percent of the
actual total body weight was supplied, covering only the maintenance needs Two to
three percent of the tody weight is generally consumed within 3=4 hours, and 4=5 per=
oent within 6-8 hourss To provide an aid to determine the daily food requirements,
the following table may be used:

Quantity of feed required ‘:I.n kg) for 1 000 carps, on the bapis of percentage
. of the aotual body weight

Average

body weight Quantity of food for 1-)00 carps (kg)

of dedy i ! 145 2 245 3 3.5 4 5
50 0.50 | 0e75 1400 1625 | 1.50 175 | 2.00 | 2.50
55 0455 | 0483 1410 1035 | | 1465 1093 220 2,75
60 0,60 | 0490 1420 1450 ! 1.80 2,10 | 2440 | 3400
65 0+65 | 0498 1030 1465 ; 1495 2.28 2,60 3¢25
70 0470 | 1405 1040 1275 |1 2,10 | 2:45 [ 280 | 3450
15 0.75 1013 1450 1.8§ l‘ 2425 2463 3,00 315
80 0480 | 1420 1460 2,00 | 2440 2,80 | 3400 | 4400
85 0485 | 1.28 170 | 2413 || 2455 2,98 | 3440 | 4e25
90 0090 | 1035 | 1480 | 2.25. 01 2,70 | 3e15 | 8460 | 4e50
95 0095 | 1443 | 1090 | 2.38 | 2.85 | 3.33 | 3.80 | 475
100 1500 | 1450 | 2400 | 2,50 | 3,00 | 3450 | 4400 | 5400
110 1610 | 1465 2020 | 2475 | 3420 | 3485 | 4440 | 5450
120 1020 | 180 | 2440 | 3400 | 3460 | 4420 | 4480 | 6400
130 1630 | 1495 | 2460 | 3¢25 | 3490 | 4e55 | 5.20 | 6450
140 1040 | 2410 2080 | 3¢50 | 4¢20 | 4490 | 5.60 | 7400




Quantity of feed n?urd (m kg) for 1 000 oarps, on the basis of percentage of the

actual body wei ntinued)
- Average
body weight Quantity of food for 1 000 carps (kg)
of be a3 o 145 2 2.5 3 345 4 5
150 150 2425 3.00 375 4450 525 6.00 T+50
160 1.60 | 2440 3.20 4.00 4480 5.60 6440 8.00
170 1.70 2055 < 3040 4025 5.10 595 6.80 8050
180 1.80 2470 3.60 4450 5¢40 6030 Te20 9.00
190 1.90 2.85 3.80 475 570 6465 T.60 9450
200 2,00 | 3.00 4,00 5000 6,00 7400 8.00 | 10.00
220 2,20 | 3.30 4440 5¢50 6.60 Te TO 8.80 | 11.00
240 2,40 | 3.60 4.80 6.00 720 8440 9.60 | 12.00
260 2,60 | 3.90 5020 6450 7.80 9.10 | 10.40 | 13.00
280 2,80 | 4420 560 7400 8.40 9:90 | 11,20 | 14,00
300 3.00 | 4.50 6.00 7+50 9.00 | 10,50 12,00 | 15.00
320 3.20 4,80 6440 8,00 9.60 11,20 12.80 16,00
340 3440 | 4.10 6480 8450 10.20 | 11.90 13,60 | 17.00
360 3.60 | 5440 7420 9.00 | 10.80 | 12.60 | 14.40 | 18,00
380 3.80 | 5.70 7.60 9.50 11.40 | 13,30 | 15420 | 19.00
400 4,00 | 6,00 8,00 | 10,00 12,00 | 14,00 | 16.00 | 20,00
420 4420 | 6420 8440 | 10450 | 12460 | 14470 | 16.80 | 21,00
440 4440 | 6460 8.80 | 11.00 13420 | 15.40 | 17.60 | 22,00
460 4460 | 6.90 9420 | 11650 | 13480 | 15,10 | 18.40 | 23.00
480 4.80 | T.10 9460 | 12,00 | 14.40 | 16.80 19.20 | 24.00
500 5600 | 7450 10,00 | 12.50 | 15400 | 17.50 | 20.00 | 25.00

3424646 Feeding methods

Throwing the food haphazardly in a fish pond may result in the loss of a good
part of the food in the mud unless the pond is very small, the stock is crowded and
the fish ore very hungry. The best practice would be to provide the food in fixed
feeding placess For production pondg, 3-4 feeding places per hectare would serve the
purpose,

Feeding places mey be chosen in the interior of the pond if a boat is available.
Otherwise the places may be near the shore, the main oriteria for selection of the
mite being that the region should not have soft mud, and the water depth may range
between 0.6 to 1 m

At the initial stage of the feeding programme it would be advisable to use
feeding trays 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
foodse Subsequently when the fish get used to it feeding trays may not be necessary.




It is preferable to give the food to fry and fingerlings in treys in order to
avoid wastage.

3424607 Carp rearing with balanced food

3e2e7

34248

It would be worthwhile to consider the special common carp rearing method
developed in Japan, where the ponds are built along the side or close to streams,
with an ample supply of olgan running water the whole year rounde The pondas are
small, each about 30=-100 m“ and rectangular or triangular in shepe. The bottom of
the pond is smooth and sloping toward the outlet struocture and is usually cemented
and paved with small xounded pebbless The gides of the pond are generally paved with
stoneas The inlet and outlet are designed to allow effioient contxol of water flow
from the atream through the pond.

A pond of 50 m2 area and 1.8 m depth may be stocked with as many as 10 000 finger-
lings of common carp, each weighing about 75 g. In one growing season of about
T months a total harvest of sbout 8 200 kg of fish can be expected with a net yield
of 7 500 kg, the quantity of feed used being 30 000 kg. The food quotient thus works
out to 4.0« Feeding ias done 12 to 18 times a day from 05.00 hours to as late as
22400 hours, depending on the temperature of water and size of the fish. The details
of feeding are shown below:

Firat period ‘100 days): HWheat meal - 500 kg
Fresh silkworm pupae - 6 100 kg
Earthwomms = 10 000 kg

Second period ‘40 dgxa!l Fresh silkwoxm pupae -~ 7 000 kg
Third period ‘10 dgy_s!t Fresh silkwvorm pupae - 7 000 kg

The amount of the food supplied per day is about 7 percent of the actual body
welight,

In Europe also experiments on feeding the carp with balanced food have been
underteken using a food mixture containing about 30-40 percent proteins of which
20 percent is of animal origine The deily ration given is about 6.5-7 percent of the
body weight, as pelleted feed distributed several times a day or offered in self-
feeders.

Feeding of Oress Carp

The grass ocarp has 8 high level food oapacity. An adult grass carp can devour
every day grass amounting to about 15=20 percent or more of its body weights In
China the fish fammer usually gives fodder sufficient to last for about an hour, and
the feeding is done 2 times a dey. The food is nommeally placed on e floating enclo~
sure made of three or four bamboo poles.

The grass carp excreta are often consumed by other carps directly as foods On

the other hand the grass carp can eat the food grains given for the common carp, but
it does not utilize it well,

Caloulating Food Utilization

The fish yleld from a pond is derived from two components, the natural yield and
the food yields The former is from natural food and the latter from artificial feeds.
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An exemple of food yield caloulation im ghown belows

>

. Equivalent fish wte
1
Food 6:\151) ied quzzg'int (food yield)
(kg)
Maize 1 200 4e5 14—355”2 - 267
Wheat flour 600 5 ég_q = 120
Rice bran 1 5000 7 1—,5{ﬂ = 214
Mustard oilcake 500 6 2.8
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 kgs

The proportion between the two yields, viz., 45:55 is attractive, especially
where intemsive feeding has been practised.

The relative feeding coefficient is calculated by dividing the total amount of
food given in the pord by the yield.

Taking the above cited examplet

3 800

1 470

Usually the relative feeding coefficient is a@bout 2 if high value food (1.e.,
food with low food quotient) is used.

= 2,56 = the relative feeding coefficient

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

growth checke The following example will illustrate this point:
v Weight after reducing 5%
No. of fish for gut content
sampl ed ) Av. weight of
Total weight one fish
(kg)
(2
Initial growth check 84 1245 145
After 15 days 64 1175 - 178

Therefore the growth in 15 days = (178~145) = 33 g, ie.e., about 22 percent
Growth in one day = 33 4 15 = 2,2 g, i.es, about 1.47 percent
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Teking that 6 000 fish were stocked and allowing for a 10 percent loss, the
estimated population in the pond will be 5 400s Then at the first growth check there
were 145 x 5 400 = 780 kg (approx.) and at the second growth check 178 x 5 400 = 960 kg
(approx.) of carp in the ponds The totel growth thus was 960 — 780 = 180 kg.

If 420 kg of food (300 kg maize and 120 kg mustard oilcake) were used,
420 + 180 = 2,3, which means that 2.3 kg food contributed to produce 1 kg fishe This
is a satisfactory position.

However, if 785 kg of food (450 kg meize and 325 kg mustard oilcake) were used
785 & 190 = 4.15, which value is too highs Such acondition would need investigation
as indicated earliere

Harvesting $Cmp2i.ngl

Cropping of a pond may be either partial or total (complete)s Partial cropping
is a part of the stock manipulation technique in which the marketable size figh are
removed from the pond to provide larger living space and natural 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 drainable, 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 aspossible. It is always a risk to leave the crop in a half-
drained pond where enemies can decimate the crop and the temptation for stealing is
very greats During the draining process the fish become restless, they do not take
food, and lose weights Therefore if the cropping is done piecemeal, losses are
inevitable.

When harvesting 2 big pond the rate of water discharge must be adjusted in rela-
tion to the magnitude of catching and transport. Netting is rather difficult in
deeper waters, but 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 a storage pond.

During winter season the cropping operation can extemd for the whole day, as the
water temperature would be low enough mot to harm the fishe But when the temperature
is rether high it would be advisable to start the cropping during the early morning
hours and suspend the operation during the hottest hours of the day.

Recording of Cropp:ing Data

After cropping 2 pond the effectiveness of the culiure programme must be
precisely evaluated and conclusions drawn in order to achieve better production in
future.

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

From the mumber of each species of fish stocked and the number cropped the loss
can be calculated which may be expressed on per hectare basis and also as percentage
of the total stocked fishe
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It is advisable to tabulate the data under the following headingas (1) Pond
mmber, (2) Pond area, (3) Date of stocking, (4) Number of stocked fish (separately
by species), (5) Weight of the stocked fish tseparately by species), (6) Stock
corrections (if any), (7) Stocked mumber per hectare, (8) Cropping date, (9) Number
of oropped fish (separately by species), (10) Weight of the cropped fish (separately
by species), (11) Loss in percentage, (12) Yield, (13) Yield per hectare,

(14) Production period in deys, (15) Yield per hectare per day, (16) Fertilizer
applied, (17) Value of the fertilizer in NeRs., (18) Manure, (19) Value of the
manure, (20) Total food, (21) Value of the food in N.Rsa, zza) The relative food
quotient, (23) The relative food quotient value in NeRs., (24) The relative ferti=
lizer and manure quotient value in NeRse, (25) The relative fertilizer, and manure
and food quotient value in NeRse These data can be obtained by adding the costs of
fertilizers, manures and feed amd dividing the sum by the weight of the yield.

Storege and Transport of Fish

3e2: 1181 Storage ponds

Storage ponds in which the live fish are stored before marketing are necessary
in all commercial fish famse In view of the high density of fish in such ponds it is
always necessary to provide them with contimuous water supplye One ton of common
carp will need a water supply of 1 1 per second during winiter season and 3~4 1 per
second during summer seasone

A tygical storing 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 contimmous water supply is
pmvided). The pond may be constructed with brick walls and should be easily
drainable. The storing ponds should be well guarded against theft and for this
purpose may be located at the centre of the ferme The ponds should be easily acces~
sible by vehicles in order to facilitate easy loading.

The storage ponds, when not in use for holding the cropped fish, can be used for
breeding or as nursery ponds taking necessary precautions to avoid parasites aml
diseasess

321162 Storing live fish

During storage the fish do not usually get any food, which will lead to regular
loss 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 crowded conditions the utilization of the food will be very
PooYe

3e2611e3 Live fish transport within the famm

Fish have to be transported alive between the ponds for stocking or to the
storage ponds after croppings When they are carried in buckets sufficient quantity of
water should be available to keep them alives. Greater number of fishcan be transported
in hammocks as the fish thus carried may not be injured ag 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 to be used for each consignment,

In order to fransport large quantities of fish, as it is the ocase during cropping,
it would be advisable to use a motor transport or bullock cart provided with a
tarpaulin fixed in the loading area of the vehicle in the shape of a pool and in which




sufficient water can be carrieds If the sun is very hot the "pool® should be shaded.
After transporting the fish, the tarpaulin should be washed, carefully dried amd kept
hung in the store.

Je2e1104 Transporting fish to the market

Carp is often #0ld alive in the markets It may be advantageous to trensport live
fish from the Terai farmp to Kathmandu. Such transport would be possidble if the
nacessary equipments are made available.

About 500=1 000 kg of live cayps ocan be treansported in 1 u3 water, provided
seration is possible using a compreassor, or the water iskept in oontimious ciroulation
with the aid of a small pump, or oxygen is bubbled into the waters When tremsporting
live fish care must be taken to see tmt the water temperature does not inocrease
appreciailys If the trensportation period is long, the water should be changed at
least partially during intervals. Only comiitioned fish, 1.9, those in which the
guts are empty may be ‘trensported 3= the live condition.

When dead, the fish lose weight av ths rate of about 2-3 percent during half a
daye During trensport the dead fish should be kept cool in order to avoid spoilage.
The containers used (baskets, boxes, etc.) may be lined with fresh green leaves, long
wet gross, etce, in oxder to keep the temperature as low as possible.
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4., PROPAGATION OF CULTIVATED FISHES

SEXUAL MATURITY

The smaller fish species generally become ripe earlier than the bigger ones.
The warm water fish mature earlier than the temperate species and also earlier than
warm water species in colder waters, In some species, the sexual maturity is
correlated with a given body sise wvhile others mature regardless of their size and
sometimes even when stunted, The latter ones are not at all desirable in ponds
shere carps are oultivated, The common oarp females become sexually mature in the.
fourth year in Burope and in the third year (sometimes even in the seoond year)
under subtropical or tropiocal oconditions, The males become ripe usually one year
sarlier than the females,

It is always desirable to use well-grown, healthy, well-proportioned and care-
fully selected fish for breeding purposes, Best results may bs expscted from common
oarp females weighing about 4-5 kg and males of 2-3 kg, all of which are 3-4 years
old. This ig the case with herbivorous carps like grass carp, silver carp and
bighead also which have a certain degree of correlation between the body size and
sexual maturity. Theybecome sexually mature at 3-5 kg weight when about 3-4 years
old,

SPAWNING PERIOD

The spawning season varies considerably among the different oultivated fishes
and depends on both internal and external faotora, The associated internal factors
relate to genetic characteristics, general body condition, development stage of the
gonads, the hormone smystem, etc. and the external ones to water temperature, light
and other climatic conditions. Both these types of faotors are closely interrelated.

Since the olimatic conditions in a given area are approximately the same year
after year, the spawning occurs at about the same season. Since the main deciding
faoctor for the spawning time is the temperature (which reacts as well on the sur-
roundings) a correlation has been found in Europe between the spawning itime of
different fish species and the blossoming of irees. The ripening of the gonads is
a long process with different stages which must proceed gradually, So the time
tastor is important, If'the brood fish are kapt in poor condition and do not get
protein-rioh diet, the development of gonads will be delayed and the "readiness for
spawming" becomes postponed or may even fail to ocour, The growth of the mass of
the eggs ocours (in the carp) during the first stages of egg development. At that
time the female brood fish need protein-rich diet, The most common cause for the
failure of the breeding of common ocarp is inadequate diet (both qualitatively and
quanti.tntivoly).

The spawning of the common oarp under natural conditions occurs usually in
spring season when the water warms up to around 18-20°C, The spawning time of the
herbivorous Chinese carps is also related to water temperature, The natural
spawning season of Indian major carps as well as herbivorous Chinese carps is
dependent on the rainy season and ihe flooding of the rivers.

Many species of figsh have no special requirement of spawning grounds and socatter
the egge all over the area available,
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Nost of the cultivated fishes have; howsver, special requirements regarding
spawning place, o The common carp needs shallow and clean water with temperature not
less than 16-17 C, a grassy bottom and rising water level, It does not nomrmally
epawn in ponds where other fish species are present in good numbers, The Chinese
and Indian major carps spawn in well chosen special areas in the rivers end the eggs

got drifted away by the water ourrent,

It is well known that the Chinese and Indian major carps do not spawn in ponds
or other stagnant waters while the common carp never spawns in river beds,

PRODUCTION OF F1SH SEED

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

Hatural Propagation of the Common Carp

General remarke

If a pair of ripe carps are stocked in a shallow pond in which the bottom is
partly covered with grass, no other fish are present, and the temperature of the
water is suitable, spawming will occur sooner or later, Of course there are many
faoctors which, during the course of the propagation, msy totally or partially upaet
the success of spawning, It will therefore be necessary to eliminate all the factors
which may cause unoertainty in connexion with carp propagation.

4030102 Success of spawning operations

A fish living under natural oonditions instinctively looka for s spawning place
end spawns when it.is ready to do so,.

The processes: of the gonad development, prior to spawning, run without hindrance
under natural conditions, During this period, the fish collects enough protein-rich
food for the building-up of the gonads and the temperature of the water enables proper
development,

In a farm pond, on the other hand, the brood fish in most cases camnot find the
game conditions as in nature., Under crowded conditions they may not get enough
protein-rich natural food and carbohydrate-rich "artificial” feed may lead to
unnatural fattening and unhealthy gonads,

The building-up of sexusl products (eggs and milt) in the gonads starts soon
after the previous spawning and the need for protein-rich food ocours mostly at that
time, In a well equipped farm, provision for a brood fish pond has always to be
made, If the pond is not crowded, 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,
Minced wild fish, arabs, frogs and tadpoles mixed with crushed grains, oilocakes or
rice bran will be excellent food for this purposes On the other hand, in order to
provide natural food, the pond should be manured end fertilized regularly.

A good female carp mey produce 150 000 eggs per kg, which means that a female of
4~5 kg cen produce over half a million eggs, If the survival of the eggs is not more
than 20 percent (which is quite reasonable under controlled conditions) 100 000
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fingerlings can be obtained from one female, It is a faoct that ten pairs of adequately
prepared brood fish can overorowd a 50-100 ha farm with fingerlings, On the other
hand, if the eggs camnot build up adequately due to lack of essential amino acide in
the diet, even 50 pairs of brood fish cannot produce enough fingerlings neceasary for
stooking a small farm,

4e3e143 Control of enemies

A few tadpoles or snake-head fish (Ophioccephalus) in a fish pond can grase on
thousands of fish eggs in one day. Snails also may do the same, The tiny orustaceans
like Cyclops mey kill thousands of freshly hatched larvae of carp. In a small pond
crowded with early fingerlings, insects like backswimmers, dragon fly larvae, eto,
can exterminate thousands of early fingerlings. The frogs, birds, snakes, eto, omn
do the same at later life stages of the carp, viz., juveniles and adults z!‘lg\u’o-

33, M, 35, 36 and 37). :

A general 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 dried at least during December, At the time of drying, care should
be taken to see that no pools and ditches with water are left over at the bottom,

If high grass is abundant on the bottom of the pond, it would be advimsable to
eut it short. If adequate grassy patches do not ocour, artificial egg collectors
like "kakabang" should be placed in the pond, )

The ponds may be filled before noon and ‘stocked with brood fish during the
afternoon end the inflow rate may be so adjusted as to keep the water level rising
slowly.

If the pond is filled with water from another pond, it should be filtered at
least with a fine mesh soreen,

Fish enemies like birds may be trapped or scared away by different means.
Complete protection of the fry and fingerlings against the many enemies cannot be
achieved, but the majority can be saved from destruction by adopting measures men~
tioned above,

4eleled Provision of satisfactory 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,

Presence of a large number of fry in a small epawning pond may result in the
rapid consumption of available food, The fry and early fingerlinge have no reserve
fat tigsues and hence cannot starve for more than a day or two. Even with meagre
maintenance food, they become weak and perish soon,

During the firast days after "air snapping", the fry will be able to find enough
food comsisting of small algae and tiny animals which develop in the same water body.
. The food shortage starts after 7-~10 days. When 10-12 mm long, the fry are always
hungry, their food capacity increases snd they are able to swallow hundreds of small
planktonic animals, '
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Frequent but cautious manuring can help to maintain the balance bstween the fry
and natural food. Artifioial food meal can help the fxy to keep alive and grow well.
If, due to any reason, the fry population is considerably reduced, a fresh stock
should be introduced only after removing the remaining individuals and disinfeoting
with quiok lime,

Another important rule of fingerling production is never to stock different
age groups of fry in the same pond.

European fish culturists have developed the practice of thinning out the fry
when they are 10-15 days old and restooking them in bigger (so-called rearing) ponds
whioh are filled with water 7=10 days earlier, They ars generally tranaported in
buokete of water. This way, the number of fry colleoted can be sasily estimated,

4e3e1e5 Control of parasites

44342

As already indioated, keeping the breeding and fry rearing ponds dry when not
in uge will help the destruction of parasites and pathogens in the pond soil, Addition
of quick lime or any other disinfeoting agent will give additional benefits.

Many parasites are brought into the breeding and rearing ponds along with the
brood fish or with wild fish, The white spot dimease (Figure 38) and gill worms
(Figure 39) are usually spread in this manner,

It therefore follows that all adult fish must be kept off from the fry rearing
pond, If there is a natural spawning, the dreeders must be removed from the pond
after 1 dey. A better method ie to let the fish apawn on “kakabans" in a separate
spawning pond and stock the nursery ponds with eggs attached to the collectors,

A not=po-effective method is to treat the brood fish against parasites before they
are released for spawning,.

The brood fish may be treated3agsinat Icht?oghthirius, vwhich causes the white
spot disease, in a aolution of 1 m” water with 6.7 g of malachite green, The noymal
period of treatment is 1-1.5 hours, Against gillworms (Gyrodactylus, Dactylogyrus,
Diplozoon) treatment in sodium chloride (NaCl) solution prepared by dissolving
2,5 kg common salt in 100 1 water for 10=-15 min was commonly adopted in earlier
years, Recent studies have shown that Dipterex solution gives good results againei
this parasite, In Nepal 'Dipterex 80' is available and, for the treatment, 1 ppm
solution may be used, If 'Dipterex 95' is ueed, 0.6~0.,7 ppm strength will be
suitable, A few fish may be treated firet and if no bad effecte are obeerved, mass
treatment may be done, Dipterex solution is usually spread over the entire pond
surfaoce,

Bemi-Artificial Propagation of Common Carp

In order to stimulate the spawning of the common oarp in a 'hepa' or cement
cistern in which "kakabans" is placed, the hypophysis (pituitary gland) solution
may be injected into the brood fish. (The technique of hypophysation is described
in the following chapter.) The eggs soattered on the "kakabans" may be transferred
into a rearing pond,which is kept filled with water,shortly after the spawning has
taken place,

The estimation of eggs present on the "kakabans" may be done with the help of
a very simple device, Take a 10 x 10 cm piece of hard plastic plate (0,5=1 mm thick)
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and out on it 1 x 1 om squares in rowas, Place this device over the "kakabans™ and
count the number of fertilized eggs !i.liblﬁ within each 1 om square. From this

the average number of eggs in one cm” can be onloul,tod. By multiplying this number
with the total surface area of the "kakabans" in om“, the total (approximate) number
of eggs may be caloulated, The unfertilized eggs becoms white and opaque 6-8 hours
(sometimes even earlier) after the spawning, while the fertilised ones get a glittering
and transparent appearance,

i The best time to transport the "kakabans" with eggs over short distances is the

; firast sunset period after the spawning, If, however, the time span between the
spawning and dusk on the same day is less then 8-10 hours, the transportation may be
done at the time of the next dawn or sunset, When transporting, the "kakabans" ghould
be kept covered with a wet cloth, .

The "kakabans" with eggs should be placed in about 30=50 om deep water on a side
of the rearing pond and sometimes it may be necessary to nail the branches to poles
driven into the pond bottom., The eggs should be inspected daily and when the larvae
hatch out, the bundles may be removed.

4303 Artifioiel Propagation of Common Carp

4030301 General remarks

Some of the circumstances under which artificial propagation of the common carp
is resorted to are:

i, wvhere practical experience has proved that natural propagation of the fish
is generally unsuccessaful;

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

iii, necessity of large-scale production of fry and fingerlings before and after
the natural propagation period;

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

ve vwhere carp eggs, fry and fingerlings are sold for culture purposes;

vi, where the number of males are insufficient for successful natural
propagationg

vii, vhere mature carps caught on their way to the breeding places, as for
instance in inundated areas of rivers or in lakes, are needed for propa-
gation purposes with a view to maintaining a proper population density of
the fish in the natural water in question, (In Hungary, the oatching of
carp during the breeding season is allowed only in those weter bodies where
the fish are used for artificial propagation);

viii. where sudden change of weather conditions may kill the eggs and young larvae
produced by natural spawning;

ix, vwhere improved atraing of the fish are to be developed through selective
breeding and hybridization,
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4¢36302 Propagation technique

}
The technique of artificial propagation of the common carp may be desoribed
under five stages as desoribed below:

4030343 Preparation of brood fish for hypophysation

A female carp is generally considered ready for hypophysation when its belly
im large but not swollen, not hard but not too soft and the genital opening is
swollen, protruding and reddish in colours The eggs in such a fish will nommally
be large, yellowish in colour and semi=transparent, and ocan be easily separated
from the wall of the ovary,

In most cases, when the females get sufficiently ripe in the segregation pond,
they can be taken out and hypophysed immediately., In hatcheries where they are kept
in troughs, conditioning for 12-24 hours may, however, be necessary.

The males will be ready for hypophysation when their milt can be pressed out
by applying a light pressure with the fingers on the hind part of the belly near
the genital opening.

4030304 Hypophysation

The hypophysed males and females must be kept separately or the females should
be "stitched in" or "sutured" to close the genital opening., When the water tempera-
ture is above 2300, it ip strongly recommended to "stitch in" the females to avoid
loss of the eggs,

The hypophysed fish can be kept in a hapa (2-4 females in 2 x 1 m) or a basin
(2 femalea in 1 x 1 m) from vhich they can be caught easily with a special scoop net
or by hand, The hapas can be fixed in a canal with flowing water or in a pond olose
to the shore near the inflow, If the injected breeders are kept in a basin or trough,
continuous water supply would be necessary.

Preparation of 8is solution

Usually acetone~dried hypophysis is used for the hypophysation of the common
carpe The glands are collected from 1=2 kg mature carps and are dehydrated with
changes of acetone and then dried, The hypophysis of a carp of the size mentioned
will have a dry weight between 2 and 4 mg each,

The dose used for the female fish is 1 hypophysis per 1 kg body weight of the
recipient, It has been precisely ozsloulated that 2,5=3,7 mg of dried hypophysis will
be needed for each 1 kg of the female, But each male, irrespective of its weight,
is given only 1 hypophysis, (By semi-artifiocial propagation the hypophysation of
males can be avoided,) (Fractions of a kg are rounded off for the purpose of such
caloulations, ) '

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

The solvent used is a 0,6-0.7 percent NaCl (common salt) solution mixed with
pure glycerine in the ratio 70 parts of salt solution:30 parts of glycerine. Such a
mixture has the advantage of not flowing back easily after the injection and perhaps
may also prolong the period of effectiveness of the hormone, The quantity of solvent
needed for each hypophysis is 0,5 ml,
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After the hypophyeis is thoroughly pulverized, the measured cquantity of solvent
should be added immediately., The solvent can be measured with the same syringe with
which the injeotion is to be given, The pulverized hypophysis and the solvent should
be thoroughly mixed and the insoluble particles allowed to settle down either by
gravity or by centrifuging. It is advisable to prepare the solution one hour befors
injections ‘are given, i

The "ripening" period is reckoned fromn the injection till the time when the fish
is "ripe for stripping”, This varies acoording to the temperature of the water in
: uhi.cl)t the females are kept after the injeotion, as shown below (data relate io commcn
oarp):

Water temperature (°C YRipening" time (hours }
15-16 24~26
17 20-23
18-19 : 18-20
20 15=16
22-23 12=15
25 10
28 8

The proper time for giving injection can thus be fixed so that the fish will
be ready for stripping at a convenient hour of the dgy. "Over—ripening" of the
common carp eggs takes place when the eggs are retained in the ovary 2=3 hours longer
after "ripe for stripping" stages. It may be mentioned here that the "over—ripening"
time for the Chinese herbivorous carps is far shorter, sometimes only 30 min,

If the females are to be stitched-in, a mild ansesthesia will be necessary to
keep them quiet during manipulation. The solution generally used is 0.5 g M3 222
(8andoz, Basle, Switzerlend) dissolved in 50 ml water. A sausage-like tube made
of cloth filled with cotton is soaked with this solution and put in the mouth of the
fish, The solution is absorbed through the capillary system of the mouth cavity
and will become effective within 1-2 min,

It is advisable to mark the injected specimens with a o;:loured thread tied on
the dorsal fin, After this, the genital opening is sutured and then the injection
administered, The sutured females will be "ripe for stripping" without loas of eggs.

Suturing should be done uuing 8 waxed cotton thread and sewing needle and by
making cross stitches over the genital open:l.ng. The thread should be pulled tight
and tied firmly,

The injection of hormone solution should be given intramuscularly between the
base of the dorsal fin and the lateral line, A medium size injection needle may be
used and, in order to avoid flowing back of the solution, it is usual to massage the
spot where the injection is given, When injecting scale carp, the needle is tg9 be
i.nuortod under the scales, /7

The injected specimens ghould be kept separated by sex in a hapa or basin, If
the females are sutured, they can be kept with the males in the ratio of 1:1 for
stimulation, In clear water, a "ripe for stripping" female can be recognized by the
fact that it will be constantly chased by the male,




4434345 Stripping of sexual products, fertilization and elimination of the sticky

layer of the eggs

At the end of the estimated time required for the ripening of the.eggs, the
injected females are to be examined to see whether they are ready for stripping.
Females swimming to and fro restlessly are usually ready, Fully ripe and "ready for
siripping" females will yield eggs freely by applying a very slight pressure on
their belly. An unsutured ripe female specimen should therefore be caught in such
a way that the forefinger of the operator is pressed on its genital opening. The
sutured females are easier to handle and a sure sign of the "ripe for stripping" stage

he swollen and very soft belly. In such specimens the eggs will flow out as soon
as -the suture thread is cut,

The fish must be dried with a piece of soft cloth before stripping and the egga
may be stripped into a plastic or enamel bowl, The last portion of the eggs may have
to be stripped with a light pressure, J

Immediately after the eggs are girippéd, milt from a male is added over them,
The milt can be sucked with .g/r\:yette or milt collector (Figure 40). When enough
milt has been added, the-vontents are mixed "dry" immediately with a plastic spoon or
strong feather,

y,eoial solution of NaCl and carbamide (urea) (GO(NHZ)Z) is then poured over
the zixture of eggs and milt, This solution prevents the eggs from sticking together
gzid because the virility of sperms lasts longer in this solution than in water (about
20-25 min in the solution as against 1-2 min in water), better fertilization can be
anticipated.

The solution is made by adding 30 g carbamide (urea) to 40 g NaCl diusolved in
10 1 of clean (not distilled) water,

At first, about the same quantity of the solution as the volume of eggs im uamed
and stirred with a plastic spoon (or feather) for about 5-10 min, Subsequently, the
stirring can be done at 5-7 min intervals. The eggs absorb the solution and begin
to swell when small quantities of the solution should be added from time to time
as required,

After about one to one and a half hours, the awelling of the eggs stops and the
sticky layer of the eggs is dissolved, However, if the eggs are put in water, they
may tend to stick together in loose clumps due to the presence of the sticky material
in between the eggs. In order to get rid of the sticky material completely, a soluw
tion of about 7~10 g of tannin in 10 1 ¢f water is used. About 2-4 1 of this =olution
is taken in a plastic bucket and a maximum of 2-3 1 of swollen eggs may be poured‘ in
all at once. After stirring for 1-2 sec, clean water should be poured over., Onop
the eggs have gettled down, the water has to be drained through a strainer, As t/
precautionary measure, a smaller quantity (1~1.5 1) of tamnin solution is then pjured
into the bucket and after a little stirring, clean water is again added, followsz !l by
draining, This operation is to be repeated 2 or 3 times and the mass’ of eggs should
be washed with clean water a number of times, If the tannin solution is inadequate
for the quantity of eggs, a slight sticking together may be obmerved, The eggs which
are water-hardened by now, are separated from each other and can be introduced into
the jars or other devices for incubation,

The stripped eggs’ (the so-called raw eggs) having a certain amount of ovarian
fluids, appear as a thick flowing mass, One litre of raw eggs contains about 700 000~
800 000 eggs, each of which im about 1 mm in diameter, The swollen (water—hardened)
eggy if not treated, is 1.5~1.,7 mm in diameter and 1 1 of the mass contains about
262 000 eggs, The normal diameter of the treated egg is 1,95~2,1 mm and 1 1 will
contain about 120 000-180 000 eggs.
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4530346 Incubation of fertilized eggs

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

Water temperature ‘°cl Time of incubation

hours days
1617 160-170 =Tk
18 120=125 5
20 80-84 *
) 22 70~T2 3
25 50-52 2%

The most sensitive stage in the development of the eggs is the period of cell
divieion, vhich takes place during the first 12-24 hours after fertilization, depending
on the water temperature, During this period, the rate of oxygen consumption of the
eggs is at its lowest, A strong water current in the jar can harm the eggs at this
stage and hence it is advisable to use only a weak water current, just enough to
rotate them slightly.

In artificial fertilization an average of 5-10 percent eggs are generally wnferti-
lizeds The spoiled eggs are often attacked by fungus (Saprolegnia) and if there are
clumps of eggs, as may sometimes happen in spite of the treatmermt, fungus may spread
rapidly and harm the good eggs. So it would be advisable to loosen and separate such
ogegs with a slight pressure of the fingers,

The most widely used method for controlling fungus in the jars is treatment with
malachite green at a strengih of 0,02 g per liire water. The measured quantity of
the chemical is 1o be introduced into the jar, the volume of which should be noted so
that the resultant solution will be of the required strength, The treatment is to
last for 20-25 min and during this period, the flow of water through the jar should
be stopped, After the treatment the flow of water is to be resumed when the malachite
green solution will get washed away. The best traatment against fungus attack would
appear to be treatment with tannin solution (5-9 g tannin in 10 1 water),

A few larvae generally hatch out first and this indicates that after about half
or one hicur the bulk of the larvae will appear, At this stage, the water current in
the jar should e mlowed down so that the hatchlings will not be injured or killed,
Thie is the time to take the eggms out of the jars into a hatching funnel (sieve cloih~
walled funnel) or a hatching box, for which purpose the eggs can be siphoned out with
a rubber or plastic tube of 1,5-2 cm diameter into a bucket,

4430307 Hatching of eggs and rearing of larvae till they start feeding

Hatohing of eggs should take place in a separate place, the best arrangement for
which ie provision of a sieve cloth-walled funnel or a hatching box,

The fry hatching devices must be supplied with at least 5-10 1 of oxygen-rich
water per minute, Freehly hatched larvas will adhere to the wall of the hatching
device and grass stalks, leaves, linen or plastic sheets may be kept in order to pro-
vide additional settling places for them, However, thay should be removed when the
fry start to awim continuously by the second or third day.
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Good hatching hapas can be made of synthetic sieve ocloth (mesh mize: 0.3=0,4 mm)
with the following measurements: length: 60-80 cm, widths 30-40 om and height: 30-40 om
(Figure 41). The hapa is placed in a trough with about 10 cm of its upper edge above
the water surface while its base is at least 10 om above the bottom of the trough,

On the third day, the hatchlings get their air bladders filled with air and start
to swim actively., Shortly after this they start to feed. Then they have to be pro-
vided with food or transferred to a pond or tank where they can find natural food
(esgey in a nursery pond), The time required for the growth of the larvee to fry stage
depends on the water temperature. A low temperature (14-16°C) may delay this develop=
ment very much, thus making it possible to transfer the larvae to a distant place,

" The oxygen consumption of common carp larvae and fry

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

Oxygen consumption in mg/hour
Water tempsrature (°C) Newly hatched | Fry ready | 10 days old | 15 days old

larvae to feed fry fry
28 144.0 278.0 790.0 886,0
25 . 11540 208,0 530,0 811.0
20 83.0 141.0 290,0 450,0
15 : 5440 80,0 100.0 393.0
10 30,0 50,0 63.0 160.0

4e3e4

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

Hatcheries for Cultivated Fighes

Continuous water is the first basic necessity for establishing a successful fish
hatohery, Polluted, chlorinated or oxygen-deficient waters are unsuitable for feeding
fish hatcheries, If such conditions are inevitable, thorough aseration would be neces-
sary. River, pond or reservoir water, if properly strained and the temperature is at
a suitable level, can generally be considersd as satisfactory.

Another basic requirement concerning the water supply is that a certain amount
of pressure would be needed for continuous supply within the hatchery, A level diffe-
rence of 1=1,5 m between the water source and the hatchery units should be sufficient
to maintain a satisfactory pressure, The temperature of the water during the 'brsed:mg
geagon of common carp should not be lower than 17—18 C and not higher "than 26-27 C,
Temperatures around 20-21°C are the best suitable for hatching common carp eggs. In
the case of the Chinege ce.rps, the ideal temperature is around 24-2500, the range
being between 20 and 29 C.

The size, fittings and equipment in a hatchery will depend on its use, i.e.,
vwhether for large-scale supply of fish seed or for providing stocking material in a
farm, In the former case, elaborate arrangements would be necessary, while in the
latter a simple structure should suffice,
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A pipe 2,5-3 m long and 4-6 cm in diameter and provided with 10 to 12 taps
fitted at intervals of 25 cm can serve as an excellent water supply device for the
plagtic funnels used for the incubation of common carp eggs. The wame pipe can also
be used for providing water for the sieve-cloth funnels necessary for the inoubation
of Chinese carp eggs. In order to avoid clogging in the pipe and taps, & strainer
drum (Figure 42) about 50-60 om long and 20-25 om in diameter made of chicken wire
over which a mosquito net material is stretched, may be kept attached to the pipe
at one end, The pieve-cloth funnels should be kept in water while they are used for
inoubation of Chineae carp eggs or hatching of common carp eggs, 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
necessary, The cisterns should have a drain from the bottom.

As incubation of eggs and rearing of early fry are done simultaneously in most
cages, 2 pipes with taps and 2 cisterns will generally be necessary. A simple thatched
roof may be erected abova the containers and a jar stand installed in order for protec=
tion from sunshine,

Two strong hapas (2 x 1 x 1 m) fixed in a pond near to the inflow would be suf-
ficient for keeping the injected breeders. But better results oan be expected when
two small cement cisterns (each 2.2 x 1.2 x 1 m) with adequate water supply provisions
are available. For keeping the early fry after they siart feeding, some well manured
and fertilized small nursery and rearing ponds would also be required.

In a typical small hatchery, 10-15 plastic funnels, 6-10 sieve-cloth funnels and

6-10 hapas (for keeping early hatchlings) will be necessary. A simple device which
will facilitate changing the water in a basin is indicated in Figure 43.

Devices for BEge Incubation and Rearin

4634501 General remarks

In Burops and North America, ready-made glass jars (Zuger jars, Weiss jars or
Zug-Weiss jars and MacDonald jars), which may be used for incubating all types of non-
sticky eggs of fish, are available in the market, The common carp eggs (from which
the sticky layer has been removed) and the eggs of Chinese and Indian major carps and
mahasheer may be incubated in such jars.

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

The plastic funnels for incubation of common carp eggs and the sieve~cloth funnels
for rearing common carp fry and incubation of Chinese carp eggs can be effectively
used under conditions in Nepal,

4434542 Plastic funnel (Figure 44)

Haterials required:

i, One strong plastic sheet 75 cm long and 28-30 om widej
ii, One ring made of galvanized iron wire (2-3 mm) of 15-16 cm diameter;
iii, One small plastic shower rose about 5-6 cm diameter (generally used in water
sprinklers);
ive Ome 1 cm wide grip-ring made of aluminium plate O.5-1 mm thick, which can
be fixed by nut and screw; -
ve One iron ring, smaller in circumference than the shower;
vi, 8trong string or rope 2-3 m in length,
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The plastic shest should be cut into two halves diagonally, as shown in Figure 44A
and both the parts should be sewn along the cut with 3 mm stifches, leaving an edge
of about 1 cm. The two funnels can novw be tucked inside each other so that the sewed
edge will be on the opposite side. It has been found from experience that a little
leakage in the funnel does not matter and subsequently the stitched holes will get
olosed automatically. In order to fix the ring on the funnel, the upper part of the
fugnel has to be turned down so that the ring is held tight between the two pairs of
plastic sheets. Then the ring is stitched on by hand with a strong thread. Two
loops to hang the funnel, fully stretched and vertical, should be fixed under the
ring by making a hole in the plastic sheet with the aid of a glowing matchstick or
a hot mnail.

The shower head may then be fixed on the bottom of the fumnnel using a grip-ring
provided with nut and sorew,

For erecting the funnel, the shower stem is to be pushed into the 1.25 cm pipe
and the end of the plastioc sheet bound tightly to it, At the top end, the funnel
should be hung stretched to a horigontal beam, using the loops mentioned earlier.

In order to avoid any possible dislocation and to keep the shower head in place,
& ring may be used under the ghower which should be tied to the horizontal beam above
the funnel.

The capacity of a normal plastic funnel will be about 8-10 1 and sbout 2-3 1 of
swollen common carp eggs can be incubated in it.

4434543 Sieve-cloth funnel (Figures 45 and 46)

i, Materials required:

Size of the funnel
Small Medium Big

Name of material

Plastic sheet (strong,
soft and flexible) 45xT75¢em | 45x 110 cm 45 x 150 cm

Linen cloth (strong) 25 x 100 om 25 x 150 cm 25 x 190 em

Perlon sieve cloth .

(0o 6~0.8 mm mesh) (i) 25 x 100 om 25 x 150 cm 25 x 190 em
or

(with same size of :

linen cloth) (ii) 14 x 100 cm 14 x 150 cm 14 x 190 cm

Galvanized iron ring
22—3 mn diam) - 2 No.
One may be of cane if the
same is easily available) 97 em 147 cm 186 cm

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

Kitchen filler (funnel) - 2 No,
(with 1,5=2 mm wide brim and
12 cm diam, Height of fummel
parts 6-7 cm and length of
tubes 5-6 cm)
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Size of the funnel
Small Medium Big

Name of material

Plastic pipe According to the circumference of the kitochan
fillers 4+ 10 cm

Elbow pipe (preferably PVC) -~
1 No.

Plastic tube (1.25 cm diam) 1m 1m 1m
Strong thread (preferably

reinforced by nylon) for
sewing

ii, Preparation:

The funnel has a cone-shaped part made of plastic sheet and a oylindriocal part
made of perlon sieve-cloth at the lower part and linen cloth at the upper part, The
water inflow device made of the two kitchen fillers is connected to the oone-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 shown in Figure 45.
For the small, medium and large sized fumnels, 2, 3 and 4 pieces respectively have
‘to be stitched together,

The upper part of linen cloth is then made, In order to give sufficient strength,
about 8-10 cm width of the linen strip should be folded up and stitched around the
ring. The perlon sieve-cloth strip should then be gsewed to the linen part with the .
geam remaining on the outside of the funnel, Then the sieve~cloth strip and crae~
sheped plastic sheet parts ars sewed together taking oare to see that the seam remains
outside,

The next step is to stitch about 15 cm long ribbon pieces around the middle part
of the funnel where the conical and cylindrical parts meet in order to fix the second
stiffening ring. Now the top ring, preferably made out of cane, should be fixed on
the upper end by turning outward the upper edge of the funnel and stitching by hand,
Two pairs of loops are fixed around the ring for hanging the funnel,

In order to regulate the rate of water flow into the funnel, a special device
made with 2 plastic kitchen funnels (fillers) are to be fitted. One of these funnels
will serve as water distributor for which purpose 0.9-=1 mm diameter holes are to be
made with a hot needle in 3 or 4 rows around the brim of the funrel, (The holes
should be 2-2,5 mm from each other and 400-600 in total number,) For allowing the
escape of air bubbles which may enter in the funnel device with the inflow of water,
it is advisable to make some holes on the tube of the funnel which will be kept closed
with wooden plugs.

The funnels should be stitched together as shown in the figure and then squeezed
inside the cone of the hatohing funmel and fastened in a vertical position, The *U!
1 shaped portion of a split plastic pipe (1~1.5 cm diameter) can be used to keep the
Jf funnel device in position with the help of two small screws and nuts. The tip of the
lower funmel should be pushed into the 1,25 om elbow piece and the end of the plastic
sheet cone should be bound by a siring, To the other end of the elbow a plastio or
rubber pipe about 0.8=1 m long is to be fixed, which will connect the bottom of the
funnel with the water tap.
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The hatching funnel should stand vartmally in the water with the help of a
weight attached to the bottom,..

Technical deta on the sieve—cloth funnels are as followss

Small Medium Big
Diameter of the :
cylinder 31 om 47 om 58 em
Ciroumference 97 om 147 om 182 cm
Approx. volume of the
cone portion 141 301 411
Approx, total volume 351 811 195 1
Capacity for swollen
egge of Chinese carps 57 1 10-15 1 15«20 1
Water supply
necessary 0.5-3 1/min 0.8~5 1/min 102=10 1/min

iii, Rearing hapa:

The standard dimensions of the rearing hapa are: 60 cm long, 40 cm wide and
40 cm high., The upper part of the hapa mey be made of linen and the lower part of
0,5-0.6 mm perlon sieve cloth, The hapa can be kept stretched with split bamboo
pieces or a galvanized iron frame,

Artificial Propagation or Chinege Carps

Raising and maintaining brood fish

In raising brood fish, care has to be taken to select the best specimens and
stock them in small and productive ponds, As such fish approach sexual maturity,
adequate food must be given to ensure proper development of the gonads,

Proper maintenance of the brood fish between two propagation periods is also
of special importence, Unfavourable conditions may cause infertile eggs, poor ferti-
lity ratio, faster over-ripening of the eggs, deformed embryos, weak larvae, etc.,
and the males may not produce good quality milt,

During the first part of the maintenance period from the end of the breeding
geason to the end of winter, the brood fish build up new gonad cells and tissues,
During this period, supply of adequate quantity of rich food has to be ensured,
They may be kept together at thim time with other fish species in mixed culture,
The second part of the maintenance period is more decisive and calls for not only
rioch and adequate food, but also special environmental conditions.

The maintenance conditions for the three Chinese carps are different and are
therefore treated separately below., Segregation is unavoidable during this period.

Grass carp. The species prefers clean and transparent water 1,5-2 m deep, If
the water of the pond is renewed from time to time, good breeding results can bhe
expected, The normal food to be supplied is cut grass, sprouted grains, rice bran,
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oil cakes and offals. The quantity of grass given per day should be 15-20 percent of
the total weight of the fieh stogk. while the food grains and offals should not exceed
2-2,5 percent, In about 1 000 m” pond area, 20-~30 brood fish .can normally be kept

and they can be held together with prospective silver carp and bighead brood stock.
Manuring and fertilization of the ponds are unnecessary,

Silver carp. The species prefers gnall and fertilized ponds with rich micro-
phytoplankton, Renewsl of the pond water is necessary only when the dissolved oxygen
content goes down, resulting in the figh swimming ngar the shore in shoals. They can
be fed with soybean flour or rice brans, In 1 000 m~ pond area, 30-50 brood fish can
be kept along with 4~6 bigheads., During the second part of the maintenance period,
no grags carp or common carp should be atocked with the silver carp brood stock.
Manuring is not necessary.

Bighead. The species prefers water rich in zooplankton which can bs achieved
by frequent manuring and,regular fertilization, The food can be the same as that of
gilver carp. In 1 000 m* pond area, 20-25 bighead and 2-4 silver carp brood fish can
be kept, but the species musi be seperated from common carp and grass carp during the

. second part of the maintenance period.

The spent grass cerp can be stocked in ponds where bigger common carp are groving,
but it is very risky to do so in ponds where smaller carp fingerlings are sbundant,
A spent fish is very hungry and may eat the small fish. Spent silver carp can be
stocked with bigger carp fingerlings if sufficient small algae are present. Spent
bighead can be stocked with bigger common carp, provided the pand is rich in zoo=-
plankton,

4.3.6,2 Determination of ripeness of brood fish

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

It is known that the inner side of the pectoral fins of the male Chinese carps
become rough (due to occurrence of small horny protuberances) when they are fully
mature, The females will generally mature 2-3 weeks afier this. The ripenesa of
the males can be judged by the oozing of the milt when a slight pressure is applied
on the belly.

The important and definite signs associated with the maturity of the females
are indicated below:

Grass carp. The lower part of the belly near the vent becomes puffy and soft
and the sexual opening protrudes, . ‘

Silver carp., The belly becomes puffy and sofi and the vent gets a red or rose
colouration and also gets emerged. Sometimes the edge of the vent becomes uneven
and the sexusl opening gets emerged with pink or red colouration. -

In Nepal, the herbivorous carps are newly introduced species and pufficient
experience has not yet been gained regarding the beat propagation season 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 ends open acoop net of about 50-60 cm length with a short handle and an
opening of about 16~20 cm diameter, made of strong mosquito net cloth or linen, can
be effectively used for catching brood fish (Figure 47).

443e643 Hypophysation

i, The hypophysation of the female

The hormone necessary to ripen the eggs in herbivorous carps is generally admini-
stered in two doses, The first preparatory dose ias about one ninth or one tenth of
the total dose, Generally, 1 dry gland is used for each female as preparatory dose
at the beginning of the propagation season. Later, when the ripeness of the fish is
more advanced and if the water temperature is about 25-27 C, half a hypophysis should
be enough per femals as preparatory dose, ('l'he bighead female is always given one
gland throughout the propagation time.) The preparatory dose is to be given in 1 ml
salt solution. .

The time span between the two injections may be 24 hours at the beginning of
the propagation season and 14~18 hours on later occasions.

The second and decisive dose of hormone is to be given in 2 ml salt solution
(0.65 percent). Some workers advise the use of distilled water but it must be copper—
free. The hormone dose depends on the weight of the female brood fish and on the
circunference of its body., Usually one gland (3-3.5 mg) is given per 1 kg body weight
of small and medium size females, A table showing the precise doses is given below:

Maximum

cirounference
of the body 38 42 46 50 54 58 62

in om

The dose of

hypophysis in . :
mg for 1 kg 3.0 3e5 4.0 45 540 55 6.0

body weight

(Normal hypophysis gland will be about 3-3.5 mg)

The brood fish should not be handled with bare hands as removal of the mucus
on the skin will promote bacterial infections. The fish should therefore be wrapped
in a towel or a goft piece of cloth when handling,

The injeciion 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 scoop
net or towel around its body,.

After the injection, the femalesm are kept in hapas, special basins or ditches
0¢8-1 m deep, and oxygenrich water allowed to flow through continuously,

For long distance transport of brood fish, a special hammock (Figure 48) may
be used,
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ii, The hypophysation of the male

The male is given only the decisive injection along with the female, the dose
being 2 mg hypophysis per 1 kg body weight, When the ripeness is advanced, 1 mg per
kg alao may give the same result, The males can be hypophysed again after 6-7 days.
A fully ripe male may give enough milt even without hypophysation.

4030604 Incubation
The injected fish of both sexes can be kept separately or together. In Burope,
the firast method is generally practised. Usually if the sexes are kepi separate,
the release of eggs may not occur unless the females are disturbed or the oxygen

content of the water becomes too low,

The ripening period after injection depends on the temperature of water as shown

below:
Water temperature (°C) Ripening time in hours
2022 12-10
23-25 11=-9
26-28 9-1

This period may be calculated more precisely by measuring the temperature during
each hour and adding together the values. The grass carp, silver carp and bighead
generally become ripe for stripping when the total of such added values becomes
205215, 210-220 and 235-245 respectively.

The stripping should start immediately after the fish are ripe and delay by more
than 50 min may affect the fertility of the eggs.

4434645 Stripping of eggs and collecting milt
The equipments necessary for stripping operations are:

i« Scoop nets - 3 No,
iis Dry ocloth or towels (2-3 No., for sach brood fish),
iii, Plastic or enamel basin (preferably with lid) of 2-4 1 capacity and smooth
innegp surface (1 for each female plus 2 extra).
ive Plastic spoons or strong duck or goose feather,
ve Milt collectors gor suitable pipettes),
vie Plasti)c buckets (with 1lid) of 10~15 1 capacity (1 for each female plus 1
extra).

VWhen the females are ready for stripping, they should be carefully caught one
after another using a scoop net, To avoid loss of eggs when each fish is lifted out
from the water, it should be put head forward in the scoop net so that the tail portion
sticks out, When the fish is lifted up, a second person should hold the tail with a
towel and press his thumb on the genital opening, A third person should hand over
another towel in which the anterior portion of the fish will be enveloped., The same
person can dry the tail and belly of the fish, Simultaneously, the second person
can turn the fish to belly-up position and keep it firmly in his hands, When the
fish is dry, the third personr will lift the egg collecting basin to the genital
opening of the female and the pecond person can turn the fish belly downward and 1lift
his thumb from the gential opening. The eggs will eject out immediately. When the
bulk of the eggs has come out, a gentle pressure may be applied to get the rest of the
eggs also,
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Because one drop of water can apoil hundreds of eggs, it ia necessary to uee a
completely dry plastioc or enamel basin for collecting the eggs and the body and tail
of the fish sbould be dried with the towels before stripping.

Rote: Never sirip the female fish by force, Foroced out eggs will be useless
and the fish itself may die. A female in which the eggs do not ooze out may become
ripe later on and respond to normal stripping. During stripping, the eggs should be
allowed to flow down on the wall of the bagini if they fall down straight on the
bottom, many may be spoiled.

The eggs thus collected should be kept in a shaded place and kept covered.

Collecting of milt must start immediately. Since the milt also becomes '"spoiled®
when mixed with water, the milt collectors should also be completely dry. If suf-
ficient personnel are available, the collection of milt can run parallel with the
stripping of the females,

For 1 1 of dry eggs, about 10 ml milt will be required.

4434666 Fertilization of the eggs

The developmental stages of eggs of typical herbivorous fishes are shown in
Figure 49.

The fertiligation should be undertaken immediately. The milt is spread over the
egga and mixed together with a dry plastig¢ spoon or a strong feather for about 1=2 min
and then clean water of temperature 21-24 C is poured over the mixture, About 100 ml
water is necessary for 1 1 of eggs., Stirring of the eggs must be continmed for about
2-=3 min, :

When the eggs come in contact with water, they begin to swell, More water must
be added in smaller doses so that about 3-5 cm water always remaine above the egg mass,

The eggs should now be tranaferred to a bucket in which 1-2 1 clean water has
already been added, The eggs should be allowed to flow down the side of the bucket,

About 30 min after fertilization, the eggs should be washed by changing the water
3-4 times, Then the eggs can be taken into the incubator jars (plastic funnels or
sieve-cloth funnels). (The hatching hapas are not good for incubation as the eggs
may die in large quantities due to poor aeration.) The transfer of the eggs to the
Jjars should be done very carefully in order to avoid possible damage.

4034647 Incubation of eggs
If the eggs are not over-ripe they swell 50~60 times their original volume,

All fish egga are very sensitive in their first stage of development and the eggs
of the herbivorous carps are no exception., On the contrary, they are more sensitive
in this stage as compared to the common carp eggs, due to the thimner egg shell and
more delicate nature of the cells, A violent shake can displace the cells on the
blastodisc of the developing eggs. So the water inflow into the incubator must be
finely regulated. Since the oxygen demand of the eggs in the early developing stages
is rather low, only that much of water to keep the eggs without any noticeable move-
ment shonld é¥ffice under ordinary circumstances, In each incubator jar, the rate
of flow of WatBr may be 0,5-1.5 1 per minute., However, during the mecond half of the
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development stage, the rate of flow must be raised gradually to 3-10 1 per minute,
according to the size of the incubator.

In an incubator jar of 8-10 1 capacity, about 2-3 1 of swollen eggs may be placed,
vhile in a sieve-cloth funnel, 30-50 percent of the capacity of the conical portion may-
be filled, One litre of swollen egg mass will contain about 15 000-17 000 eggs.

Tt
[l

A plastic funnel or Zuge

(wnswollen) eggs, (i.e., abou
and 30 000 of bighead),

apacity can take apout 50 ml "dry"

000 oggs of grass carp, 50 000 of silver carp

4
40 000-

o

ar of 8~10
50

4034648 Preventing premature hatching

The shell of the floating eggs of Chinese carps is very delicate and often gets

~ infected by bacteria and fungi. The adverse effects produced by water bacteria and

[ . fungi include the egga getting thinner, flabby and deformities, The development of

: the embryo will algo suffer and,in most cases, premature hatching may occur. The fry
thus produced are generally not viable and will die during the first days of their
life, In this way 90-98 percent of the good eggs may perish. The slimy products

of bacterial and fungal infections may lead to aggregation of the otherwise non-sticky
eges in big clumps, which may cause suffocation,

As a preventive measure against bacterial and fungal infectjons, many European
hatcheries adopt the so=called "formaldehyde shadowing™ method in which formaldehyde
is added continuwously in the water in the hatchery at the rate of 1 part in 20 000-

30 000 parts of water, However, this process needs sophisticated equipment and
gtrict control of the operation. 4 very simple but effective control method worked
out for use in Nepal is by treating the eggs which have completed the early develop—
mental stages (i.e., when the blastoderm has almost enclosed the yolk mess and shortly
befoﬂ‘g\the blastopore is closed) in a solution of 5-10 g tammin in 10 1 clean drinking
water

During the treatment, a funnel is placed on the feeding pipe of the haiching

; device through which about 0.5 1 tannin solution and the same volume of water are

I, added alternatively., In one device, 2-4 1 tannin golution is given at a time and

] the treatment is repeated two or three times for 3-4 hour periods. The last treat-
ment is done when the tail of the embryo has grown to about half its size and the

: yolk sac is still round in shape. Usually, the first treatment is done 67 hours

L after fertilization and the last one 6~8 hours before the hatching is expected.

The tannin solution makes the ege shell stiff and prevents infection by bacteria
and fungus. The larvas hatched from tannin-treated eggs have been observed to be very
healthy and without any after-effects.

Hatching of the eges

The unfertilized or damaged eggs get disintegrated or become white and float
above the good ones, They must be removed by careful siphoning,

If the temperature of water within the incubator is 22-25°c, the hatching of tge
eggs is geneérally completed after 32-35 hours, If the temperature is higher (26-287C)
the time taken is about 24~28 hours only,

The healthy larvae of the Chinese carps start to swim vertically immediately
after hatching, Eventually they swim out of the jars or funnelg and so it is neces=
sary to collect the overflowing water into a hapa (0,6-0.8 mm mesh)s In the case
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of sieve-cloth funnels, the larvae cannot swim over and so they can be scooped out
vhen a greater number are already hatched,

- During the hatching period, the speed of inflowing water inside the hatching
device should be lessened.

403.6.9 Furaing larvae and fry

The larvae swim continuously on the first day after hatching, but by the mecond
day they generally settle down on the bottom of the hapa, 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 agein start to swim along the walls of the hapa. The pigmentation o
of body starts by this time, By the fourth day, if the water temperature is 21.22°0,
the larvas fill up their air-bladders with air (it is called air swallowing) and swim
swiftly, The larvas are now ready to feed,

If there are no facilities in the hatchery for feeding tha larvae, they musi be
transferred to small nursery ponds, The first food items of the herbivorous carp fry
are Rotatoria and bigger single-celled animals, mostly Ciliata,

During the development of the larvae, the main cause of mortality may be predation
by Cyclops. If river water is used in the hatchery, Cyclops infestation can be pre-
vented, Otherwise, non-persistent pesticides may be applied in very low concentration
(1 ppm or less) for killing the animals. (BExperiments using the locally available
pesticides should be conducted beforehand, )

The development of the larvae depends on the water temperature, as shown below:

Temperature °C Period of larval development (days)
20=22 4=6
2225 34
25-30 2-3

443.6410 Some general notes regarding nursery ponds

is The nursery ponds used for herbivorous carps should be kept dry when they
are not used or at least 2-3 montha before the rearing season starts,

ii, The inundation of nursery ponds should be started 3-4 days before the stocking
through a small mesh screen or a filtering device,

iii, Adequate manuring and fertilizing should be done in order to inorease the
plankton content.

ive The fry should be fed artificially from the first day onwards with soybean
milk (soybean 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,

ve The number of early fry to be stocked in nursery ponds will depend on the 2
quantity of natural food available, Usually 150-500 fry are stocked in 1 m
nupgery pond surface,
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The early fry of Chinese carps may get infeoted with Trichodina sp, or
other protogoan parasites, Treatment with a 0,5 percent molution of common
sali may prove effective against these parasites, The treaiment time may
be about. 5«15 min depending on the health condition of the fry., However,
before undertaking mass tresatment, trials should be conductad with a few
fry so that the appropriate dosages and duration of treatment may be worked
out,
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Fig. 1 Small contour ponds built along a canal, 4o Feeder canal.
B. River from which water is diverted. (. Inlet structure.
D. Overflow arrangement (the ocutlet monks are not shown).
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Fig. 3 A mimple method for topographical survey, A, Spirit level.
B. Parts of the rear sight fixed on the spirit level.
C. Finding the 0 point on the site which is exactly 1 m
higher than ihe spirit level. D. 1 m high table or stand.
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Fig. 4 Cross sections of dams with different iypes of slopes (height 2 m).
A. BNormal dam. B. Easily erodable dam. C. Dam wiih 'slope=shelf’
on the water side, a. dry side slope, a-1 slope of the water side,
b. dam crown, o, core trench filled with good clayey soil, d, ' slope
shelf', e. bench line, f. water level, g. pit from where the soil
for the dam is taken.
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Fig. 5 Dike (dam or wall). A.

T,

B.
d.
g.

8,9 8,y 8,. Length of
accordi

Calculation of the dike volume with changing height.
Total volume: T1, T,y T2y T,» Cross sections with different dam heighte:
e éonc rned part of the dam. The calculation is
ng-to the equation:

T, +7T T, + 7T P, +T
Te 122151+ 22;xaz+}24xa.3

Cross mection of a dike. b. water level, c.
dike crown, e. base of the dike,

outer 'slope shelf’,
¢ry side slope, h.

f. water eide alope (1: 1.5),
core trench filled with good clayey soil.




Fig. 6 Brick wall ponds. A. Cross section, a. contour brick wall (10 in wall),

b. dug out trench, c. filled up side, d. earth rammed on the dry sidse,
e. water level, f. original level of the site. B. A row of brick wall
ponds (cross section), a-1 dividing walls (5 in brick walls).




Fig. 7 Simple inlet made of bricks (plastered), constructed in a feeding canal,
8. two pairs of grooves, b. metal screem, c. control board,
d. bamboo soreen for controlling floating debris,

s
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Fig. 8 Monk (outlet structure of a fish pond). A. Monk tower,

8. two paire of grooves for control boards, B. Culvert of
the monk for draining the water. C. Base of the monk,
D. Base of the oculvert,

9
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Fig. 9 Monk with wing wall. A. Tower of the monk, a. three pairs of

grooves for the soreen and control boards, b. wing wall of
the monk tower. B. Culvert of the monk made of pre-cast pipes.
C. Base of the monk tower. D. Casing of the culvert.

E. Head portion of the monk,

Fig. 10 Sluice (open outlet structure) made of bricks, a. dike,

b. base of the structure, c. two pairs of grooves, 4. control
boards, e. brick-work on dike meant to stop seepage,
£, 25.5 cm wide brick wall, g. 12.7 om wide brick wall.
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b. supporting posts,

horizontal logs to which planks are kept pressed,
earth wall on

water level in canal.

Fig. 11 Simple barrage, a. strong vertical posts,

C.
d. vertical planks pushed into the mud, e.

bank of the river, f. canal, g.
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Fig. 13 Miecroscopic algae. A, Some members of the Chlorophyta
group. B, Some members of the Euglenophyta group.
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Filamentous algae
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Blue green algae (Mixophycea)

Fi‘n 14 A.
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Fig. 15 Common Rotatoria in fish ponde. A. Brachionus calyciflorus
(ventral view). B. Synchaeta sp. C. Notholca Sp.
D. Polyarthra platyptera. E. Hexarthra mira. F. Brachionus
falcatus G. Brachionus calxciﬂorua( ] lsl)nell only).
H. Asplanchna sp. I. Conochilus ep. (colony)., J. Filina sp.
K. Brachionus aiigularis lshon;. L. Keratella cochlearis.
M. Keratella quadrata.
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Fig. 16 Common Cladocera in fish ponds. A, Diaphanosoma braci
B. Daphnia pulex. C. Daphnia cucullata. D. Sida oristallina.

E. Moina sp. P. Bosmina longirostris. G. Ephippium !with
fertilized eggs of Daphnia. H. Chidorus sp-
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Fig. 17 Common copepods. A. Diaptomus sp with egg sacs. B. Cyclops sp.
with egg sacs. C. Diaptomus (side view). D. Antenna (first
paired sppendage on head) of a male Diaptomus. E. Diaptomus
larva (nauplius). F. Cyclops larva (nauplius). G. Carnivorous
cyolopoid feeding on chironomid larva.




Pig. 18 Important fish food organiem living in pond mud. A. Chirinomus
larva. B. Chironomus pupa. C. larva of Cheoborus plumicornis
(This lerva lives above the pond bottom).

Fig. 19 (left) Mayfly (Ephemeropters)
nymph living in pond mud.

(For Fig. 20 see following page)
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Fig. 20 Carnivorous inseots and insect larvae. A, Larva of a damsel fly.
B. Water scorpion (Nepa sp). C. Larva of great diving beetle.
D, Water beetle (Hydrophilus sp). E. Backswimmer (young).
F, Water stiok (Ranatra). G. Great diving beetle., H. Head
of dragon fly nymph (larva) showing the extended 'mask’.
I. FNymph of dragon fly (mide view) with the 'mask'extended.
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ISK GROUPS OF
GROURS OF FOOD ORGANISIS \CULTIATED FISHES|[ S Ghoues oF
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Fig. 22 Food and fish pyramids, First column; 1, 1a Primary producers,
2, 2a. Seocondary producers, 3. Tertiary producers.
Second colunn: The pyramid of groups of organiem, 1. Planktonic
algae (micro-phytoplankton and filamentous algae), 1a. Emerging
and submerged plants, 2. Zooplankton, 2a. Bottom fauna,
3. Weed fishes. Third column: The pyramid of fish groups with
different food habits. The main arrows indicate the relative
wsiges of the food chain of the fish in que "ion, Fourth column:
General fish food habits.
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NUMBER OR WEIGHT OF THE POPULATION

Fig. 23 Production ourve, I. First (developing) phase, II. Second
(#v11 production) phase, II1. Third (doolinings phase.
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Pig. 24 MNeyer's bottle for collecting water samples from different
depths. A. Closed botile B. Bottile opened under water
with & jerk of the rope, a. weight fixed to the bottom of
the bottle (preferably of lesd).




Fig, 25 Plankton net. A. MNeasurements of materials used

B. CGIpllted net C,
e, pinch clamp, f,

Plankton bucket, d,
ring with handle.

rubber tube,

= -
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siring,

a. hard plastio tube, b,

stopper,

Pig, 26 Column water sampler.
Qe
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Fig, 27 Different forms of the soaly common oarp. A. Cultivated
form with flat body B. Cultiveted form with elongated
body C. an form in natural waters.
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Fig. 28 Cultivated forms of the common carp. A. Mirror carp
B. Mirror ocarp with scales along the lateral line.
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Fig. 29 Simple water filtering structure, a. row of planted poles,
b. satone chips (or twig bundless, ¢. piled up soil along
the canal, d. dug out portion of the canal.
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Fig. 30 Sione chips chamber filter. A. View from above
B. Cross section, a. broad chamber, b. wood or metal
screen {o keep the stone chips in position, c¢. stone chips.
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Fig. 31 Reverse water filter (cross seotion), a. inflow pipe,

e,
£.
h.
k.

outflow pipe, c¢. drain valve, d. filter chamber, .
bottom of the filter chamber (flat bricks laid with eaps),
cosrse sand, g. =mall stone chips or small gravel,
bigger stones and stone chips, i. foundation,

concrete slab lid. ,
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Fig. 32 Food releationship in a pond stocked with a mixed fish population ]
_ (common carp, grass oarp, silver carp, bighead). A. Solar

energy. B. Mioro-phytoplankton. C. Zooplanktons D. Bottom animals.
-E.ﬂPhw%_ﬁqgl_g:ﬂcton feeder (silver carp), F-1 Orass oarp
as consuner of emerging (bard)plants, F-2 (rass carp as consumer
of submerged (soft) plants. G. Zooplankton and bigger phytoplanktion
feeder (bighead) H-1 Bottom feeder (common carp) H-2 Common

. carp as zooplankton feeder H-3 Common carp as feeder of animals
1living on the plants I. Emerging weeds K. Submerged weeds
L. Pond mud rich in organic matter M. Manuring or fertilising
provides food for the phytoplankton 'G' and zooplankton 'C', enriches

the mud directly and indirectly, (d) and affects the growth of the
water weeds as well (i) and (ﬁ.




Fig. 33 Larva of the great diving beetle
catching a fish fry.

Fig. 35 Ranaira sp. waiting in ambush to catch fingerlings

Fig. 34 Water bug (Nepa sp) grabbing
& fingerling.
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Fig., 36 Snake trap. A, Pabrication of parts, a. oylindricsl part
b. conical part, o. imner ring of the conical part,

d. removeble comical part.




Fig. 38 Life oyole of lcht hthirius sp, A. Carp infected
with the parasite Eﬁ&to spots on the head, fine and
body) B, Parasite (1-1.5 mm) living in the skin
tissue of the fish C. Moture parasite leaving the
fish for propagation D. Cyst with developing young
parasites E, Larvae (0.05 mm) of the parasite
leaving the oyst, swimming free in the water and
becoming attached to host fish. (they can live free
for three days only).

-2t -
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Pige 39 Two common gill worms. A, Dactylogyrus anchoratus (ventr:l and
lateral views), a. the hooks, B, oggodn_rﬂ*_ Lus ele
(ventral and lateral views), b. hooks, C. 1. Egg 0
Dactylo ¢ 2. Larvae (mirsoidia) developing in the ezg,
rﬁniu larvae (mirmcidia),
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Fig. 40 Two types of milt colleotors. A. MNilt collector
for common carp and grass carp. B, MNilt collector pipette.
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Fig. 41 Small hapa for rearing hatchlings. a. sieve-~cloth sides
and bottom, b. upper part made of linen cloth, c. loops,
d. wooden frame,

Fig. 42 Water strainer drum. a. oylinder made with chioken wire mesh,
b, fine mosquito net cloth stretohed over the oylinder,

o, water supply pipe.
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Fige 43 Device to change the bottom water in a bamin. a. wall of the
basin, b. bottom of the basin, c¢. water level, d. iron elbow
embedded in the bottom of the draining canal, e. hard plastic
pipe to maintain water level, f, direction of water flow,
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150cm -

25¢m | linen cloth

b o m e e e e e el e e e e e ) em e e e e e o — e —.

Iucm sieve cloth mesh:06-08 ™%

I'ﬂ.cm linen cloth

Fig. 45 Sieve-cloth plastic funnel. A. Dimensione of a medium size

fumel. B. Parte of the funnel. a. cane ring, b. stretching
ring, o©. sieve cloth, d. 1linen oloth, e. nozzle, f. water
distributor, g. elbow, h. water supply pipe, i. tap,

k. water main, l. rows of holes on the water distributor,

m. vring of spli} plastic pipe to keep the water distributor in
position, n. screws and nuts, o. plug on the top of the
water distributor.
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Pig. 46

)Fﬂcvs*( 0dm

Function of the sisve-=cloth funnel
in a twin cement basin.
B, Position of the hatchery fumel when
the eggs begin to hatch (the larvae can swim out from the
funnel and will be automatically collected in the rearing
hapa). D, Water supply pipe with taps. E. Wallse of the
twin basin in cross section, F. Shower providing water
flow under the rearing hapa.

hatchery funnel,

A. Position of the
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Fig. 47 Scoop net (both ends open) for catching brood fish.
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Fig. 48 Special hammook for long-distance transport of brood fieh.
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