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ABSTRACT
The manual sets out the necessary material concerning the cultivation of certain
objects of aquaculture that can be used as feed additives. The manual is intended for
practical work on aquaculture, as well as for independent work and self-study students.
The material is designed for students of biological faculties of full-time and
correspondence forms of training.
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INTRODUCTION
The relatively limited capacity of self-reproduction of bioresources of the
oceans force to look for new approaches that will ensure the delivery of fish products
to the world market. The main of them is the development of aquaculture and
hydrobiotechology. The essence of aquaculture (from Lat. Aqua – water and cultura –
care) is breeding and cultivation in controlled by human conditions of fish, molluscs,
crustaceans, echinoderms, algae thatis of economic and sometimes aesthetic (artificial
pearls, aquarium fish) interest for him. In other words, this is about the feasibility of
artificial reproduction of fish and other aquatic organisms through their migration,
acclimatization, creation of underwater "farms" and "plantation."
One of the most important tasks of modern aquaculture and hydrobiotechology
is to produce the planned number of high-quality fish planting material of facilities of
cultivation. The success of the growing of full-fledged juvenile is associated with a
number of conditions and, above all, with full feeding, ie, search for high-quality and
low-cost food. These are live feeds, which are a set of aquatic plants and animals [1].
The larvae of fish are extremely sensitive to the quality of food. In the first
weeks of life young fish maximally satisfy their nutritional needs with live feeds such
as protozoa, rotifers and crustaceans. They are characterized by a high nutritional
quality protein, fat, essential amino acids, vitamins, enzymes and other components.
The development of such high-grade artificial feeds is almost impossible. Also live
food is useful for adult fish in the form of impurities in the artificial feeds. For use as a
feed for adult fishclams and worms are cultured.
Mass trapping of live feed in natural water bodies does not allow stable
reception of live feeds. The main way of mass guaranteed receiving of the food
organisms is artificial breeding with incubation and cultivation methods. To do this, it
is needed to know their biological and physiological characteristics that allow to create
optimal conditions for their breeding and maximally production [2].
Objects of cultivation are mainly those organisms that are the natural food
supply of fish in natural water bodies. From a large number of aquatic species are
selected that have high fecundity, rapid growth rate, high nutritional value, and that are
unpretentious to environmental factors and can exist at high density.
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Theme 1. The cultivation of microalgae
On the basis of solar energy in the southern regions the algae can be cultivated
for 7–9 months in the open air (Fig. 1). Byuse of industrial residues, livestock and
poultry farms waste, as well as municipal and industrial wastewater the cost of algae
production can be reduced by 60–80 %. In recent years, there were segregated a
number of perspective strains that give high biomass, which grow well in the mineral
substrates with extracts from manure and municipal wastewater Chlorella vulgaris
UA-1-2b, Scenedesmus obliquus UA-1-6b, Scenedesmus obliquus UA-2-7a. Their
efficiency in open facilities is 8-28 g/ m2 of dry mass per day. These strains have
sufficiently high resistance to adverse environmental conditions, they can be used in
other environments.
There were also obtained such cultures as Chlorella sp., Chlorella pyrenoidosa,
Chlorella obligus UA-2-6 in open facilities. In 5–6 days suspension thickness is 10–15
cm, density – 40–60 million cells/ml. With use of natural sources with hydrogen
sulfide, subthermal, sulfate-chloride-sodium-calcium water in six – eight days culture
density reaches 90 million. cells/ml.

Figure 1. Open cultivators for algae cultivation.
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On the basis of the waste gases of gas boilers, which are used as a source of heat
and carbon dioxide, the algae Chlorella vulgaris-157 and Scenedesmus obliquus UA2-6 are grown. The initial cell density is 1.5–2 million cells/ml, the temperature of the
incoming gas is 20–30 °C, CO2 concentration in waste gasesis 7.5–10 %. In continuous
operation of the facility harvest of the suspension is 12–22 g/m2 with a layer thickness
of 12–15 cm. Per year from 10 hectares in this way it can be got 40–50 tons of dry
biomass of microalgae [3].
Waste poultry farms (chicken manure with concentration of 5–10 mg/l) is also
used for the cultivation of Ch. vulgaris, Sc. obliquus. With the enrichment by carbon
dioxide and mixing the algae grow better. In open-air installations, with the addition of
sewage of poultry farm, it can be got 13–17 grams of dry substance per 1 m² per day,
along with this there is an intensive water purification.
Cultivation of protococcus algae on the effluents of cattle complexes is carried
out with an initial cell density of 3–6 million cells/ml in a mixing and with addition of
CO² and with the addition of the waste water after dilution of 1:1 or without it. In such
conditions, with a method of dilution in 8 days it is produced 450 million cells/ml (1.3
g/l of dry substance) and without dilution it is 38 million cells/ml (1.0 g/l of dry
substance).
In closed type of cultivators with addition of livestock farms wastewater it can be
obtained chlorella culture with density of 100 million cells/ml (cultivator with 1.5 m³
volume) (Fig. 2).

Figure 2. Cultivator of the closed type.
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Cultivation of Spirulina with the addition of chicken manure its productivity
increases by 15–18 %. It can be used either inorganic (NaNO3, NaNO2, (NH4)2SO4),
and organic forms of nitrogen (urea) as a substrate for its cultivation. Spirulina
withstand nitrogen starvation (up to 54 days), and then after moving it in its normal
environment synthesis processes become fully restored.
Preparation of the substance for the cultivation of microalgae. In modern
aquaculture there are grown different species of algae. The most successful objects for
cultivation are the representatives of the groups of green and blue-green algae, which
cultures are grown in laboratory conditions.
For the cultivation of green algae (Chlorella, Scenedesmus) (Fig. 3) it can be
used Knop's solution which is prepared as follows: to 1 liter of distilled water it is
added the following substances: Ca(NO3)2 – 0.25 g, MgSO4·7H2O – 0.06 g, KH2PO4 –
0.06 g, KCl – 0.08 g, Fe2Cl6 – one drop of a 1 % solution (can be replaced by the
chelate iron solution). Also duckweed can be grown on Knop's solution.

А

B

Figure 3. Green algae: A – Chlorella, B – Scenedesmus.

For the growth of blue-green algae (Spirulina, Botryococcus) (Fig. 4) it is
recommended to use Chou`s-10 solution: to 1 liter of distilled water it is added the
following materials: Ca(NO3)2 – 0.04 g, MgSO4·7H2O – 0.025 g, KH2PO4 – 0.01 g,
Na2CO3 – 0.02 g, Na2SiO3·9H2O – 0.025 g, FeCl3·6H2O – 0.0008 g (can be replaced
by the chelate iron solution). It is not recommended to keep algae for long time
without reseeding as the algae can stop its growth as a result of self-poisoning by
waste products. The signs of this oppression may be yellowing of the culture, the
appearance of a whitish hue on the substance and turbidity of the culture solution.
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Figure 4. Blue-green algae: A – Spirulina, B – Botryococcus.

Algae collection can be saved on solid nutrient substances, which slow down the
growth of culture, so often reseeding is not necessary (once a month, or if it is stored
in low ambient light at 10–15 °C, then every once in two months). Composition of
Prat`s substance (g/l of solution): KNO3 – 0.10 g, MgSO4·7H2O – 0.01 g, K2HPO4 –
0,01 g, FeCl3·6H2O – 0.001 g, agar – 12 g The substance must be sterilized [4].
Questions for self-control and self-training
1. For what purpose microscopic algae are cultivated?
2. Representatives of what groups of seaweed are often used for cultivation?
3. The principle of work of open cultivators.
4. The principle of work of closed cultivators.
5. What are the algae strains, how they differ from "wild" representatives?
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Theme 2. Cultivation of protists
Among the protists in vitro there are massively cultured common and
generative ciliates mainly Paramecium caudatum (Fig. 5), and sometimes other
species (P. bursaria, P. aurelia, Colpoda steinii, Stylonychia pustulata). Ciliates feed
on bacteria, algae, fungi, and soluble organic substance (SOS). The daily ration is 500
% of their body weight. Reproduction of ciliates occurs by cell segmentation or
sexually (conjugation) [5].

Figure 5. Ciliate – Paramecium caudatum.

Breeding of ciliates is necessary for rearing of young fish (whitebaits and larvae)
in the first days after their hatch from eggs. Ciliates are also eaten by whitebaits of
live-bearing fish. Furthermore, ciliates culture can be used for the cultivation of
rotifers and small crustaceans.
Methods of cultivation of ciliates. Method of S. Kornienko. Ciliates are
cultivated during spawning campaigns with use of various vats, tubs, baths, plastic
cages, small concrete pools etc. The depth of flooding of tanks by filtered water is 40–
50 cm As a breeding ground for bacteria feed for ciliates it is used hay decoction,
which is prepared by pouring boiling water over hay at the rate of 20 g per 1 liter of
water (bring to a boil, boil for 5–10 minutes). After 6–12 hours the decoction is
filtered and after 1–2 days it is used after dilution by filtered pond water in 10 times.
For 100–200 liters of water it is enough 2–3 l of hay decoction with following addition
of fresh hay at the rate of 500 grams per 100 liters of water [3].
Previously, stock cultures of ciliates are grown in small containers (0.2–3 liters).
Water and land from the local pond is used for this. The water is filtered through a
twice folded gauze filter № 72–76 with a layer of cotton wool. In a glass of 200 ml it
is put a small amount of soil, poured the filtered pond water and added 1–1.5 ml of hay
infusion. Intensive breeding of ciliates is observed at 3–4 days.
Protozoa are cultured at a water temperature of at least 15 °C, its best figures are
20–22 °C, the pH value of the water should be 7.2–7.6, oxidation – 22 mgO/l and
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above, the content of dissolved oxygen in water (in the morning) – 0.4–0.6 mg/l.
Culture matures on the fourth day (20–22 °C) or on 9–10 day (18–20 °C). During this
period it is necessary to take away half of the culture to fill other tanks or for feeding
of fish. To the rest of capacities with ciliates it is added nutritious substratum and
water. Such culturing of ciliates at steady state can be continued for a long time. It can
be received culture in the flowing mode when the nutrient substratum is added once at
the beginning of cultivation.
The nutrient substrate for the cultivation of ciliates may be fodder yeast (100
3
g/m or 1 g per 10 liters of water), but the development of culture will be worse.
For feeding of the culture of ciliates raw egg yolk can be used. This requires
careful separation of yolk from fresh chicken egg, dilution of it at a ratio of 3 ml of
yolk per 25 ml of pure distilled water. Ciliates culture with volume of approximately 2
liters can be fed by resulting solution.
Upon reaching the exponential maximum of culture of ciliates it must be
periodically drained half of the culture solution and refilled by clean water in order to
preserve the culture After long-term cultivation metabolic products of ciliates
accumulate in solution, which reduces the intensity of cell reproduction, reduction of
cell size or even death to the culture.
At cultivation of ciliates on a banana peel it is necessary to pour water in
breeding capacity, add the dried banana peel. Capacity should be disposed for 2–3
days in a dark, protected from direct sunlight room. The solution temperature should
reach 23–25 °C. Water should become cloudy, and bacterial pellicle should appear on
its surface. To this solution, it is needed to transfer the culture of ciliates. After 5–7
days at a water temperature of 25–27 °C number of ciliates become sufficient to start
feed of fish larvae by them [6].
Culture can have an unpleasant odor, as ciliates eat bacteria breeding in the
process of decay. Instead of banana peels there can be used lettuce, pieces of carrots or
turnips. They are better placed in gauze bags.
To concentrate maximally ciliates in one place, illuminant should be placed close
to the container with culture; ciliates are characterized by positive phototaxis, so they
head toward the light. Ciliates may be noticeable to the naked eye. Selection of ciliates
may be carried out using pipettes, filter paper, and nets of special gauze.
Ripe culture with the upper layers of the water is transferred into spawning,
nursery ponds or tanks, pools, ponds, where fish larvae are grown [7].
Questions for self-control and self-training
1. What protists are cultivated for?
2. Characterize ciliates cultivation method with use of hay infusion.
3. How to get the stock culture of ciliates?
4. How to grow ciliates with egg yolk?
5. How ciliates can be cultivated using a banana peel?
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Theme 3. Cultivation of rotifers
Due to their small size (from 0.04 to 2 mm), rotifers belong to the category of
start live feeds for young fish. The life cycle lasts for 5–24 days. Reproduction of
rotifers is characterized by heterogony. In constant favorable conditions they
reproduce by parthenogenesis. Under adverse conditions, they begin sexual
reproduction, and haploid males appear (do not have a digestive system, live 1–2
days), which fertilize the females, as a result of "winter" eggs with a thick protective
shell emerge. From the "winter" eggs under favorable conditions emerge
parthenogenetic females.
The main object of cultivation is brachionus (Brachionus calyciflorus) (Fig. 6),
mass breeding of which is recommended to conduct by separately growing, that is
cultivate separately rotifers and food for them (planktonic algae) [8].
Plankton algae, prefer ably protococcal (Chlorella sp., Scenedesmus, Spirulina),
should be grown in open cultivator swith a capacity of 450 liter so rmore, in a
balanced substratum, which is diluted in 50 times. The substratum composition is
following: urea 0.3 g/l, KH2PO4 – 1.5 g/l, MgSO4 – 0.75 g/l, FeSO4 – 0.01 g/l.

Figure 6. Brahionus – Brachionus calyciflorus.
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Cultivator, which conducts the cultivation of algae, should be placed directly in
the water to create a more favorable and stable temperature conditions. In the
continuous cultivation of algae cultivator is filled with water from the pond, adding an
appropriate amount of substrate, and stock culture of algae is added. Water and the
environment are added on a daily basis as part of the catch crops for feeding
brachionus. The culture of algae should be several times a day to mix. Culture is
considered normal if it is transparent for the Secchi disk is about 5 cm.
Plastic cages and other containers for culturing of brachionus are also set in the
reservoir and poured by water through the net from a folded nylon sieve with a mesh
size № 74. This is necessary to avoid contamination of culture by cyclops and, which
nauplii freely pass through a sieve number 70–74. Further, the algae are added to the
container from tiller to make their concentration in the substratum be 5.3 million cells
in 1 ml. Then the stock culture of rotifers is brought into cages [9].
In case of self-receiving of Brachionus calyciflorus culture from water samples
taken from the pond, under a binocular microscope, mainly parthenogenetic females
with eggs are taken by pipette, after this they are seated in a few glasses of 100 ml and
fed by protococcal algae. After 6 days of culture is transferred to a large container and
its further cultivation is carried out. Getting stock culture takes about 20 days.
Feeding of brachionus culture by algae is carried out daily. At the same time, to
maintain the previous level of the liquid in the cage, several buckets of the substrate
from cage with rotifers are poured through scoop-net № 74 of gauze, which is folded
in four. Rotifers are washed out back into the tank. Then it is added an appropriate
amount of algae from cultivator so that their concentration in the cages is not less than
5.3 million cell/ml. Adding algae in ponds should be made before the new portion of
mineral salts is added into the cultivator. It is necessary to count the number of rotifers
in the cages every day. With the initial concentration when loading the cultivator 2
ind./ml, temperature 25–26 °C and intensive feeding by algae culture matures on 5–6
days. In these conditions, the maximum number of rotifers is 120–140 ind./ml. When
this density is reached products should be removed. At lower temperatures (12–19 °C)
population growth is much slower. Culture matures on 8–9 days. The maximum
density at these temperatures is 70–80 ind./ml, after catching rotifers should be begun.
Through folded gauze (№ 74) half of the culture is filtered, which is in the cage, and
then there is added fresh water and algae culture as described above. In case of
compliance of these conditions of cultivation it is possibly to get 100–200 g/m3 rotifers
at 25–27 °C and 40–50 g/m3 at 12–17 °C daily [10].
Questions for self-control and self-training
1. What rotifers are cultivated for?
2. Expand the biotechnological cycle of rotifer cultivation.
3. What way feeding of rotifers is carried out?
4. How to get the stock culture of rotifer?
5. Describe the features of rotifer breeding.
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Theme 4. Cultivation of cladocerans
Particular importance for the mass cultivation belongs to representatives of
Daphniidae family because they occupy one of the first places on the scale of their use
as live food for fish. In cultivation practice several species are widely used. These
include daphnia (Daphnia magna) (Fig. 7.) which is representative of Cladocera and
have 4–6 mm in length and weighing up to 10 mg. They reproduce in sexual way,
alternating with parthenogenesis. Fertility is 20–100 eggs. Term of life is up to 3
months. During this time, daphnia sheds for 20–25 times [11].

A

B

Figure 7. Cladocera: A – Daphnia magna, B – Moina sp.

Catching of crustaceans in natural conditions. In order to obtain the stock
culture of Daphnia for cultivation they are caught in the spring in natural water bodies.
Catching of Cladocera in lakes and ponds is focused on the use of populations of the
most widespread genus of Daphnia sp. (mainly species Daphnia magna, D. cucullata,
D. longispina, D. pulex). Different species of planktonic crustaceans often live
together, their maximum biomass is attained in those waters, which press of
planktophage fish is weakened or virtually non-existent. In these waters catching of
crustaceans is able. Scoop-net is used for catching of crustaceans. It should be light,
made of stainless steel, suitable for catching krill under various conditions.
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Most convenient is the scoop net 25–30 cm in diameter (cone height 60–70 cm)
made of stainless steel wire 5.3 mm in thickness and having a screw thread for
connection with handles. The handle may be composed of screwed together 4–6 knees
(50 cm each) made of duralumin tubes of 25–30 mm. Combining the knees, net can be
used to catch the crustaceans at various depths and distance from the coast.
Crustaceans are caught by nets on the beach or in a boat.
Cloth bags should easy pass water, but also delay the crustaceans. For this
purpose, mill gauze or nylon fabric is suitable. The best material for the cone of net is
a bolting cloth.
In the industrial scale catching of crustaceans is carried out by trawl or pumpaction methods [3]. The first method is based on the use of different planktonic cone
networks structures (gas numbers 19–64) towed by boat at a speed of 0.5 km/h (8
m/min). Towing is carried out by motor boats or by winch that is installed on the
banks. The second method involves the use of flow formers that guide the water along
with the crustaceans in the fence area having special traps and filters. Distribution of
crustaceans is often uneven, therefore their concentration in the natural environment
(in addition to the above described fishing methods) light traps or additional light
sources are used.
Daphnia is transferred to the breeding places in a variety of capacities with the
planting density of up to 100 g/l.
A stock culture of Daphnia is got from ephippia their eggs, which are collected in
late autumn from natural reservoirs. Eggs in a pure form with silt are dried in the open
air and stored in a dry place at temperatures 1–5 °C. 10–12 days before start of
cultivation of Daphnia their eggs are placed in water and kept at a temperature 18–
220C. After 4–7 days crustaceans hatch from them, which are the starting material for
breeding.
Methods of cultivation. In farms, where daphnia were bred before, a small
amount of them is kept indoor and outdoor seating (in areas with warm winters). In
areas with cold winters the stock culture of crustaceans is kept in reservoirs with depth
of at least 1.5 m, which always have ice-free land. To improve the livelihoods of the
phytoplankton small doses of superphosphate, or ammonium nitrate are periodically
added in the pond.
Convenient for cultivation are the pools and ponds with an area of 50–70 m2 and
a depth of no more than 1 m, which are filled with water from any natural freshwater
reservoir. Tap water is used as a last resort and pre-stand for 1–2 days.
For cultivation of Daphnia magna and D. rulex pools and ponds are covered with
decking boards or grass on 1/3 of the total surface. Harmful influence of glare is
reduced by adding to the water dry horse or cow manure – 0.5 (spring) and 1 kg/m3 (in
the summer) for painting the water brown. The optimum parameters for cultivation
are: temperature – 15–25 °C, the pH value of water – 6.8–7.8, the concentration of
oxygen in water at least 6.3 mg/l, oxidation – 5–26 mgO/l.
Typically, the initial biomass of krill is 10–150 g/m3. For continuous intensive
growth of the culture it must be systematic reduction of its population by removing
-13-
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crustaceans. Rarefaction of populations should be begun when the biomass of Daphnia
is 300 g/m3 or more. Such biomass occurs at 20–25 day of cultivation with the original
planting density of 10 g/m3. Terms of ripening of culture can be reduced to 3–16 days
by increasing the initial quantity of crustaceans in 10–20 times.
In the conditions of the systematic removal of the biomass duration of the
intensive growth of the culture increases, but there is a boundary, above which further
keeping of culture is impractical. Terms of keeping of culture are from 6 weeks to 9
months [12].
Daphnia. Among the many proposed methods for culturing of Daphnia two
directions are allocated: first is the joint cultivation of Daphnia and objects of their
feed (bacterioplankton and phytoplankton); second is separate cultivation of Daphnia
organisms and serving them food, which is based on the creation of conditions which
are typical for natural bodies of water.
1. The first method of growing involves widespread use of organic fertilizers and
biologically active substances. Growing of Daphnia is carried out in well-prepared
small ponds, pits, ditches, fenced shallow areas of ponds, pools, tubs, baths, plastic or
nylon cages, barrels, etc. After pouring tanks by filtered pond water, fresh horse, cow
or pig manure is put there calculated of 1.5 kg/m3. Also poultry manure is used
successfully at the rate of 0.5 kg/m3 of water. In the ponds or tanks with manure in the
same or the next day, stock culture of Daphnia is added by calculation of 5–10 g/m3.
At the end of 5–7 days half-dose of manure (0.75 kg/m3) or bird droppings (0.25
kg/m3) is added. Depending on the water temperature (20–26 °C) Daphnia culture
matures at 14–21 hours and reaches biomass 0.5–1.0 kg/m3. If the Daphnia is grown
over 14–20 days, then every 8–10 days it is necessary to conduct re-application of
manure or poultry manure, but in the half-dose (0.75 and 0.25 kg/m3, respectively). It
is not recommended to maintain a culture of more than 45 days.
2. One of the methods of culturing of Daphnia is connected with using of vessels
filled with pond water where daphnia culture in an amount of 30–40 g/m3 is
transplanted, after that a paste of chlorella is added there (1.0–1.5 million. cells./ml)
and every 3 days 0.2 ml/l of blood of warm-blooded animals is added. For 10 days
krill biomass reaches more than 1200 g/m3.
3. As one of the recommended methods is use of septic and hay extracts and
infusions of tough vegetation and fodder yeast. The infusion is made at the calculation
of 18 g of fresh manure at 85 g of sifted earth. The mixture is incubated for three days
at a temperature 15–20 °C. Then the extracts are filtered and diluted with fresh pond
water (1 l of infusion into 4 liters of pond water). After 1 hour the stock culture of
Daphnia is placed in this substrate, the development of which continues up to three
weeks.
On the third day such extracts give the flash number of bacteria, which serve as
food for the daphnia. The same flash give hay infusions (2 kg of hay per 100 l of
water), which is also maintained for three days and then poured into a body of water
once in seven days at the rate of 4 l/m3. Maturation of culture lasts for 10–16 days.
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4. One of the methods is growing culture on hydrolysis yeast. Yeast is added to
water at the rate of 15–20 g of dry weight per 1 m3 of water with protococcal algae,
daphnia culture is added after one-two days, when the development of bacteria and
phytoplankton peaks. Yeasts are also partially feed for daphnia, so they are added as
feeding every five days in amount of 8.10 g/m3.
5. It is also designed a comprehensive method of making hay infusions on a rigid
vegetation such as reed, maize, leaves, trees, etc., which are dried in the sun, then
spread on a horizontal wooden platform in thin layers, between which it is placed the
fallen leaves, sedges and other aquatic vegetation. Output of bacteria in the water body
occurs every day by washing with water of the deck with dry vegetation before adding
fertilizer (nutrient substrate made of meat-peptone agar and meat-peptone-bouillon,
fish flour, milled fresh fish). After washing, dry vegetation is watered by feed mixture
to fill all the gaps between the leaves. Nutrient solutions are made one day prior to
application and it is stored in a separate tank.
6. In the conditions of mass cultivation of Daphnia mineral fertilizers are used in
cement pools. Into pools or ponds ammonium nitrate (13 mgN/l) and superphosphate
(2 mgP/l) is added in two portions during the first seven days. Stock culture of
Daphnia at the rate of 20–40 g/m3 is added with fertilizer. Culture ripening period is 12
days, and the time of use is15 days. The maximum biomass before the collection of
production is about 300 g/m3.
7. Daphnia is bred also by application of mineral fertilizers, together with
hydrolytic yeast. First, 37 g of ammonium nitrate and 20 g of yeast per 1 m3 of water is
added in the ponds. The initial biomass of krill is 50–150 g/m3. Further, every 5 days
to 1 m3 of it is added 19 g of ammonium nitrate and 10 g of yeast. Culture maturation
period is 5–7 days, and the culture can be used in the summer for 20–25 days.
8. Separate method of cultivation is the cultivation of algae (Chlorella,
Scenedesmus, and others.), bacteria cultured in special ponds and subsequent culturing
of daphnia. A more effective way to increase production of Daphnia culture, compared
with already known, it is growing in a cultural substrate which is periodically
introduced with feed or fodder yeast, and then crustaceans are incubated in substrate
with Dekamevit in rate of 5 g/m3.
9. The traditional method of breeding of zooplankton in shallow ponds, followed
by the introduction of the stock culture in feeding or rearing ponds is ineffective at
high density of planting of fish, so a system of ponds is used, in which the upper part
of the pond is used for cultivation of Daphnia, and bottom - for the young fish. With
the flow of water Daphnia move from the front of the pond in the drain, where is
consumed by fish. To prevent the hit of fish into the front side of pond the fish traps
are set that prevent the full eating of daphnia by fish. Lower organisms are bred
separately in the pool, and then introduced into ponds for further culturing of Daphnia,
which are transferred to the current water ponds for rearing of young fish.
The developed system consists of two ponds, one of them is filled by fish and the
other serves as a feed one (without fish). Breeding of Daphnia is carried out in the aft
pond on the basis of primary production, synthesized in fish pond, which thanks to the
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accumulation of organic matter, as a rule, has a massive development of phytoplankton
and bacteria. Since the value of primary production depends on the area of surface
illuminated by the sun, the size of the fish pond should be much larger (for example, 4
times) than the aft pond. Feeds enters the fish pond by gravity or by pumps. The
missing water comes from another pond with use of a pump. The disadvantage of this
method is that not all of the area is used for feeding of fish.
10. To reduce water areas occupied for breeding of live food, it is advisable to
carry out their cultivation in cages installed in the fish ponds. For introduction of D.
magna into fish ponds mesh cages are used (100×60×60 cm). The mesh of grid is
chosen with the expectation that young Daphnia could freely go out of the cage, and its
producers would be protected from eating by fish.
11. Environmental method includes year-round cultivation of monoculture of
crustaceans in cages or other containers in the warm waters of the cooling reservoirs of
power stations. The cultivation is carried out in a central location at cage fish farms in
the warm waters.
Three weeks before the filling of nursery ponds stock cultures (charging) of
daphnia in plastic bags with oxygen is transported in fisheries and introduced into
ponds with food for crustaceans and fodder yeast. It can also be used manure and other
organic fertilizers. At the end of ripening Daphnia culture, which has reached a
biomass of 200–500 g/m3, is recovered and applied to nursery ponds. In nursery ponds
total biomass of Daphnia is hundreds of kilograms that allow providing of filling large
production areas by these crustaceans. According to developed standards for 100
hectares of pond area must be 30–50 kg of daphnia. Pond of 0.1 hectares can provide
filling of more than 1000 hectares of pond area [13].
Moina. Preparation of stock culture of moina begins about 2 months before the
start of young fish rearing. For this ephippium (winter eggs) of moina, harvested last
season in the nursery ponds are placed in glass jars with volume of 1–2 liters and
poured with water. Water temperature is maintained within 20 °C. After a few days
young moina appear in the containers. A small amount of infusion of manure, slurry
yeast (to low turbidity of water) is added into the container as nutrition for crustaceans.
In case of absence of previously harvested ephippiumit is possible to take soil from the
coastal ponds area, where in other seasons moina was met. There will be winter eggs.
Culture of moina, obtained from harvested ephippium and especially from
ephippium extracted from the soil, is often contaminated with other types of
cladocerans, cyclops and other aquatic organisms. For obtaining of pure culture
females of moina are transferred with a pipette or a glass tube to another vessel where
the crustaceans in the pure form continue to evolve and accumulate.
As the density of the moina culture rises they are relocated into the 200 liters
capacity, which are used for incubation of carp fish (eg, apparatus of VNIIPRKh
system) and equipped with compressors for the aeration of the water heater and
temperature controllers. Usually to get the required number of moina it would be
enough 1–2 of tanks installed in a heated room. In the process of growing in containers
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temperature of 24–26 °C and constant aeration is kept, and fodder yeast and manure
infusion are used as provender.
In early April, the culture of crustaceans is transferred from devices into the
greenhouse pond. The temperature at this time of year is small and there are significant
diurnal fluctuations, so to optimize the temperature of the pond a frame of plastic
cover is built above the pond that maintains the water temperature within 22–26 °C.
Area of greenhouse pond should be relatively low (40–60 m2) and the average depth
should be 40 cm.
Fill of the pond with water is carried out through a sleeve of the nylon sieve
№ 40 mounted on the water supply, which keeps the pond from being hit by other
aquatic organisms. At the same time fresh manure at the rate of 2.5 t/ha is added.
Immediately after filling the reservoir moina culture is added in an amount of 0.3–0.4
g/m3. Regularly, every 2 days, yeast diluted in water (50–80 g) is introduced into the
pond. In some cases, a positive effect to stimulate the breeding of moina can be
achieved with the introduction of sluggish vegetation on water surface. To ensure the
required oxygen regime in the ponds aeration of the water is conducted by the
compressor.
Greenhouse pond serves as a reservoir of pure stock culture throughout the
period of rearing of fish. Periodically, a part of the water is replaced, organic fertilizer
is added and monitoring of the condition of the moina population is conducted. Under
normal conditions, large females, with a pink color can be seen in the culture. Their
brood chambers are filled with parthenogenetic eggs or developing youth. A large
number of different sized younglings can also be found in a culture. Indicators of
deterioration of the conditions of the crustaceans are a large number of females with
ephippium and enhancing of the development of males.
After 10–12 days crustacean biomass reaches 100 mg/l. Some of them are caught
and transferred to nursery ponds, where the cultivation of moina is carried out in
necessary amount for rearing of fish larvae. A prerequisite of development of moina is
the periodic removal of the product, otherwise there is a sharp decrease in its
population. The frequency of removal depends on many factors, but above all on the
water temperature. For one catch 50–60 % of the total biomass of krill is caught.
Wintering ponds with area of 0.3–0.5 ha are used as the nursery. Their
preparation and settlement with moina culture is carried out so as to obtain the
maximum output of crustaceans coincided with the filling of ponds for rearing fish.
On the bed of these ponds 3–5 tons of manure is supplied, as well as at the time
of filling them with water – 2–3 tons. Culture of moina is supplied as well during
filling, or immediately after in the rate of 1.0–1.5 kg of crustaceans per the pond. After
10–15 days, depending on water temperature, the number of population of moina
increases to 7000–8000 ind./l, after that catching of it is carried out by nets made of
mesh № 32. Especially effective is trapping of moina in the morning or evening, when
it concentrates along the coast.
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For short distances (200–300 m) crustaceans are transferred into jars or buckets
with water. For long distance moina is transported in plastic bags that are used for the
transport of fish. Density of culture of moina in these packages is 15 g/l.
In nursery ponds population of moina has high strength and is stored in a relative
purity at the expense of the compulsory withdrawal of the product daily during 20–25
days.
To provide the sufficient amount of live food during whole period of rearing of
juvenile fish, consistent charging of several nursery ponds by moina culture at
intervals of 8–12 days is carried out.
Breeding of the moina is possible in any containers filled with pond water up to
50 cm, where culture is planted at the rate of 40 g/m3. At the beginning of the
cultivation (day 1–2) residual beer yeast by 40 g/m3 is added for a further 6 days it is
daily added 25 g/m3. On 7day the first harvesting of the culture is carried out, the
average daily production of which is 80 g/m3 [14,15].
Questions for self-control and self-training
1. For what purpose Cladocerais cultivated?
2. How the catching of Cladocera from reservoirs is carried out?
3. Describe the Daphnia reproduction process.
4. What methods of cultivation of Daphnia do you know?
5. How is the breeding of moina occurs?
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Theme 5. Cultivation of branchiopoda crustaceans
Different groups of crustaceans, which relate to an order of branchiopoda
Anostraca, are perspective for general cultivation.
Living in temporary ponds that periodically dry up or freeze, determined the
specific features of the biology of these crustaceans that are useful for artificial
breeding. The important biological characteristic is the high fertility and ability to
tolerate adverse environmental factors. The short life cycle, development of the
population in high-density and high reproductive indicators makes it possible to
conduct intensive cultivation of branchiopoda crustaceans, both indoors and outdoors.
Artemia salina – Artemia salina (Fig. 8). In natural water bodies Artemia is
represented by only a few races. Among the existing populations some of them
reproduce sexually, while others are parthenogenetic. In natural and laboratory
conditions eggs of some female can develop in the egg sac, after what youth appear in
the nauplius stage. Viviparity is observed both in sexual, and in parthenogenetic
method of reproduction. Under changing of environmental conditions females stop
viviparity and lay eggs with a thick brown shell. The alternation of viviparity and
laying of eggs can occur more than once, but throughout the female`s life. There are
two types of brine shrimp`s eggs:



Summer eggs, with a thin shell, which develop without fertilization;
Eggs with thick shell, which must be fertilized;

The last can be formed, as well in the summer (under noticeable fluctuations of
conditions) and in "winter" (in late summer and autumn). One female can produce up
to 170 eggs or nauplius per egg-laying and approximately 30 egg-laying during life (ie,
more than 5,000 eggs).

Figure 8. Artemia salina.
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Growth of aretmia is accompanied by molting. Total from egg to sexually mature
state crustaceans pass 15 stages, respectively, as many times they moult. More
intensively crustaceans grow at 20–27 °C. At 10 °C growth slows down and stops on
the 11th day of life. The intensity of artemia growth can also be slowed down with the
increase of salinity. The growth rate is also determined by nourishment conditions.
They are filter feeders by way of feeding [16].
Cultivation methods. In growing of Artemia on the main attention is focused on
development of eggs and hatching of nauplii. This is due to the fact that the nauplii are
used for fish larvae as a starter feed. Interest in shrimp is caused by some features of
its biology in the first place is exceptionally rapid growth: in two weeks, with the
attendant conditions, crustaceans grow up to 20 cm and weigh up to 500 times. Great
importance has the rapid sexual maturation and high fecundity: after 20–30 days
artemia is ready to create nauplii or eggs every 3–7 days. Artemia can exist when the
environmental conditions are not suitable for the lives of other animals.
Harvesting of brine shrimp eggs. Stock culture of Artemia can be derived from
resting eggs. Eggs are collected in large amounts on the coast from the windy side,
where they can form clusters in the form of broad bands with thickness up to 20 cm.
The collected eggs are cleaned of debris, algae and silt by gradually washing through
sieves system.
To determine the quality of the collection three ways are used:
1. Eggs are crushed between a glass slides and their content is examined under a
magnifying glass (magnification 10–15 times). The presence of oil stains indicates that
the eggs are alive.
2. Part of eggs are dipped in a clear pot (test tube, beaker) with fresh water. An
empty shell floats to the surface, and benign eggs sink to the bottom. The disadvantage
of the method is that the shells filled with sludge also sink to the bottom of the vessel
and can make a significant amount of error in the results of analysis.
3 A small number of eggs is clamped between the pads of two fingers, and then
some grinding movements are done. Eggs are browsing directly on the fingers through
a magnifying glass. If the material is rolled into spindle or crumbles on the scales the
collection has poor quality, if it remained in the form of separate eggs collection is
good.
Storage and activation of eggs. Eggs collected in summer and autumn, without
special treatment give only 3–5 % of hatching, despite the high content of live
embryos. The ability to produce a high percentage of eggs hatching during incubation
depends on the storage conditions. Storing a large number of eggs should be
advantageously carried out in dry form. In this case, the percentage of live embryos
does not reduce for half a year. Drying of the purified brine shrimp eggs is carried out
in a room with forced ductwork. Drying is carried out in drum dryers or by expanding
eggs in a thin layer (1–1.5 cm) on the racks. The air temperature should not exceed
40 °C. During the drying process it is necessary to move the eggs to ensure their
uniform drying.
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The drying process lasts on the shelves, usually for 1–2 days. Humidity of eggs
should not exceed 5 %. For short storage it is permissible increase of humidity up to
10 %. Dried eggs are poured into bags of dense matter and in this form they are stored
in a dry place at room temperature or a lower temperature.
There are various methods of activation of brine shrimp eggs. The most common
method is to increase hatching by their decapsulation in hypochlorite and hydrogen
peroxide.
Artemia eggs are being hydrated for 1 hour with fresh or salt water, and then
placed for 7–10 minutes in 2.12 % hypochlorite solution. Thereafter, eggs are washed
with fresh or salt water to remove all traces of hypochlorite. Eggs treated this way are
subsequently incubated in salt or fresh water.
For obtaining of Artemia nauplii eggs may be incubated in modified apparatus of
Weiss with volume of 50–100 liters (Fig. 9) which are mounted in a common
container with water or separately at the stand, as well as in trays, tubs, etc.

А

B

Figure 9. Scheme of incubator (A) and an incubation block (B) for cultivation of
Artemia nauplii: 1 – isothermal box, 2 – funnel 3 – mirokompresor, 4 – contact
thermometer, 5 – heater, 6 – sprinkler, 7 – a drain tube, 8 – incubation container.
In any case, the water temperature in the tanks should be 27–29 °C that can be
realized through the use of water heating or hot water from power plants. Eggs are
incubated in 3.5 % strength sodium chloride solution at an oxygen content of not less
than 7.6 mg/l. To 1 liter of brine 8 to 15 g of eggs is added, and 0.1–0.3 ml of
hydrogen peroxide solution (33 %).
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Any vessel should be equipped with aeration devices (compressor, diffuser)
which do not allow eggs sink to the bottom by bubbling and are used for oxygen
saturation of solution. Branch of nauplii from the shell is carried out in tanks with
fresh water, where they concentrate in bunched layer. They are withdrawn by siphon
and larvae of fish or crustaceans are fed by them.
Work solution is used for 3–5 times. From hundred liters apparatus 500 to 1000 g
of one living nauplii of Artemia eggs with 80 % similarity can be obtained during
incubation [17].
Streptocephalus – Streptocephalus torvicornis (Fig. 10). Nauplii of
streptocephalus differ from Artemia nauplii that they can exist and develop in fresh
water. Their hatching takes place gradually and directly into the tanks with fish fry. As
filter feeders, grown nauplii of streptocephalus very effectively purify water from
bacterial turbidity.

Figure 10. Streptocephalus – Streptocephalus torvicornis: A – male B – female.
Сultivation methods. The stock culture of streptocephalus is obtained from
natural water bodies in the summer-autumn period. Catches of crustaceans and
collection of eggs should be implemented in temporary ponds. Collected in natural
reservoirs, or dried for storage eggs are used for incubation. The development of dry
eggs starts with the putting of them into the water. Under laboratory conditions
streptocephalus are grown in glass molds or aquariums. In a production conditions
different pools that are filled by the river, lake or pond water under the condition of
low mineralization are used for breeding of streptocephalus. It is advisable to use the
melt water, or collected after a rain. Tap water should be kept free to remove chlorine.
The thickness of the water should not exceed 30–40 cm.
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The optimal incubation temperature for streptocephalus is 20 °C. The substrate
should be neutral. Hatching of nauplii from eggs lasts 1.5–2 weeks: some appear on 1–
2 days after the beginning of incubation, while others appear on 10–15.
In the early stages of development streptocephalus feed mainly on bacterial and
yeast cells. This kind of food is good for crustaceans of older age groups, but it is
better to feed them by a mixture of yeast and algae in a concentration of 25–30 ml of
the crude feed biomass in 1 liter of water. Streptocephalus is very sensitive to lack of
food, even a short fasting causes their death.
The optimum planting density of adult crustaceans is 4–6 ind./l, one male of
streptotsefalus is enough for two females. At higher density (100–200 ind./l) growth
and maturation is very slow.
The satisfactory state of the culture can be recognized by a number of indicators.
Crustaceans feed intensively; on the fifth day of living bodies have a length of about 2
mm, on 15–8.9 mm on day 25–15 – 16 mm. Young crustaceans are pale-pink, adult
are orange-brown or green-brown. Starving crustaceans` color is almost white,
sometimes with black spots on the thoracic legs. With enough food crustaceans are
kept in the water column, with its lack they sink to the bottom and stir mud by legs.
Collecting of eggs is conducted from the bottom of the capacity by siphon. To
facilitate the collecting process, the substrate is contained in a circular motion, in
which the excrement and the eggs are deposited on the bottom, are collected in the
central part of the vessel. Collecting of eggs is somewhat simplified if crustaceans kept
in vessels with conical bottom having a valve or clamp. The eggs from the feces are
separated by agitation or centrifugation.
When streptocephalus are cultivated in pools with large area, crustaceans sires
are contained until the time of their death (about 2 months). During this time at the
bottom of the pool accumulates a large number of eggs, which hatch from
metanauplius only after the disappearance of adult krill. Pool should be partially pulled
so that there is not shaking the eggs and rinse with water accumulated on the bottom.
Under favorable temperature conditions pools are filled with fresh water, after the
receipt of which, development of the eggs begins immediately. The date of appearance
of nauplii depends on the water temperature.
Dried pure egg are used within 4–5 months. For long term storage they are dried
in mud or fine sand [18,19].
Questions for self-control and self-training
1. What biological characteristics of breeding of artemia do you know?
2. How is the harvesting brine branchiopoda eggs conducted?
3. How to store and activate the brine branchiopoda eggs?
4. Describe the biotechnological process of artemia cultivation.
5. How is streptocephalus cultivated?
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Theme 6. Cultivation giant freshwater prawn
Giant freshwater prawn Macrobrachium rosenbergii (Fig. 11) is characterized by
excellent taste and quite large size – males can reach up to 35 cm and females up to 25
cm of total length, weighing up to 250 g. According to FAO, over the last 30 years the
production of giant freshwater prawn has increased from 3.8 thousand tons (1981
figure) to 220 ths. tons per year (2012 figure).

Figure 11. Giant freshwater prawn.

Representatives of this species are unpretentious to the conditions, feel good in
fresh water, can be grown in polyculture with fish such as carp, grass carp, silver carp
and bighead carp. From cultivation of prawn in ponds on natural forage base (insect
larvae, chironomids, clams) with a 1 hectare of a pond it can be obtained from 100 to
300 kg of trade prawn. To improve the productivity of prawn in ponds, they can be fed
on algae, cooked cereals, and vegetables, pieces of fish or worms.
The optimal temperature for growing of giant freshwater prawn is the range from
28 to 32 °C, but not higher than 36 °C. The pH of the water should be slightly above
neutral – 7.2–7.4.
Prawns are hiding in shelters, so for their growing there should be a refuges in a
pond, which can be represented by thickets of aquatic vegetation from 20 to 30 % of
the pond area. At low densities of planting (2 ind./m2), the survival rate of prawn is 90
%, at this density prawns with weight of 2 grams for 2.5 months may increase up to 13
grams (some up to 50 g), and prawns with weight of 8 grams to marketable weight of
40 g.
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As already mentioned, giant prawns live well and grow in fresh water, but their
reproduction requires salt water. Salinity for breeding of prawn can range from 12 to
30 ‰. The technology of growing of prawn and getting it`s larvae is well developed
and characterized by a number of processes (Fig. 12).

Figure 12. Technological cycle of growing of freshwater prawn.

Stock culture of prawn is created by trapping of sires (mature individuals
weighing from 20 to 100 g) within their natural habitat or by using of individuals
grown on a functioning farm. After the formation of the broodstock females begin to
lay eggs, and their fertility is relatively high a female weighing 40 grams can lay 35
thousand eggs. Considering that for planting of pond of 1 ha 20 thousand of
fingerlings are needed, the size of the brood stock can be calculated and it is about 40
females. Smaller ponds for example, 1 ha, need ten times less - total 4 females. On 20
females there are generally 2–3 male. The volume of water for the maintenance of
brood stock is calculated at the rate of 40 liters of water per 1 prawn.
Males can be differed from females by the presence of long claws, which may
exceed the length of the prawn`s body by 1.5 times. Claws of male are blue with
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orange spots. Males are also determined by coxal outgrowths of the 5th pair of
walking legs, the length of which reaches 5.9 mm. The length of the third pair of
walking legs of females is 7.6 mm.
The process of pairing of prawns lasts a few hours and then during 3–20 hours,
the female lays eggs that go into brood pouch. The size of the eggs is up to 0.5 mm.
The eggs are incubated at female’s pleopods for three weeks. In the second week the
size of eggs increases. The survival rate is 60 %. A prerequisite for the survival of the
larvae is the salinity of the water, at the moment of youth hatch it must be 12–20 ‰.
After hatching larvae length is 1.5–2.2 mm. During the week, the larvae undergo a
series of metamorphoses. Development of prawn includes 11 stages, each lasting about
three days and ends by molting. Mass metamorphosis of postlarvae occurs at 30–35
days (at 28–31 °C). In the final stage larvae reach a length of 6–9 mm and a weight of
10 mg. For the normal development of all stages of development prawn should be
provided with nutritious food. As the feed it is recommended to use artemia at the rate
of 5 thousand ind./l.
Postlarvae are grown in fresh water with a density of planting 20–30 ind./l.
Physiological adaptation of prawn to fresh water occurs during 12 hours. They can be
kept in separate basins, tanks or cages with stocking density of 120 ind./m3. After they
have grown they can be grown at lower densities.
Postlarvae can be transported in plastic bags, barrels, cans, keeping stocking
density of 300 ind./l. Transportation time at this density should not exceed 24 hours.
For obtaining of large planting material with mass from 1 to 3 g it is better to
grow larvae in a tray at an initial density of planting 30 thousand ind./m3. After
reaching a weight of 1–3 g planting density should be reduced to 300–500 ind./m3. The
quantity of feed is 100 % of prawn`s body weight, and in the second month it is 50 %.
Since for the prawn, like for other crustaceans, cannibalism is inherent, every 10 days
it is necessary to sort animals by size. Survival of animals in such a case is usually 90
%.
At the water temperature of 26–29 °C and length of larvae of 4–6 cm, prawns
molt once every 6–11 days, at a length of 7–9 cm and more – every two weeks. Adult
females molt every 26–28 days, while males rarely – in 26–93 days.
Giant freshwater prawn is in considerable demand and by taste of meat is not
inferior to the river cancers [20,21].
Questions for self-control and self-training
1. What biological characteristics of breeding of giant prawn do you know?
2. How broodstock of prawns is created?
3. How transportation of prawn`s postlarvae occurs?
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Theme 7. Breeding of crayfish
Crayfish are valuable invertebrate animals that are constantly in high demand in
all corners of the Earth. But, unfortunately, the natural population of crayfish decrease
annually, aided by poaching, periodically there are a variety of epizootic and other
reasons. Growing of crayfish has been practiced for a long time; the farms for the
breeding of crayfish were built even in the USSR. Therefore sufficient information
about the biology and ecology of crayfish that may be used for the production
establishment is accumulated. In recent years, much attention is paid to the breeding of
crayfish in artificial reservoirs. European leader in the cultivation of crayfish is
Turkey, wherein the fullness of time crawfish from Ukrainian ponds were imported.
On foreign markets it supplies annually up to 7 thousand tons of commodity crawfish,
somewhat less supplies Spain (3.5 tons) and China (1 tons). In the United States
breeding of crayfish brings millions in profits and create jobs for many segments of the
population.
Breeding of crayfish is not only large-scale production: it is possible to establish
it in small quantities. It certainly makes a profit after a certain period of time, if all
norms of cultivation of crayfish would be the qualitatively followed. Cultivation of
crayfish is a perspective production, which from the ground for 3–4 years can bring
from 200 to 300 % of stable profits.
In almost all regions of Ukraine, there are many different water bodies that are
suitable for growing of crayfish. Sufficient amount of natural populations of crayfish is
preserved that may be used as a starting material for the stock culture.
Breeding of crayfish can be carried out in artificial ponds and reservoirs, as well
as in pools and aquariums (or in installation of closed water supply). Presence of
running water is not necessary for their breeding. For the growth of crayfish
throughout the year, there must be a space where winter temperatures do not drop
below +15 °C but is not higher than +21 °C. The optimal water temperature should
reach +18 °C at a pH of 7–8. If the temperature is lower, crayfish do not eat, and
hibernate, or may die at very low temperatures.
Breeding of crayfish in the ponds is a long process, because the low temperature
of them contributes to the long dormancy of crayfish, inhibition of growth and
reproduction. Although, the more south is the region, the better is growing of crayfish
in open water.
You can create the corresponding reservoir on a small area; it needs free space
bulk material and construction equipment. Required reservoir depth is 1.5–2 meters;
the area should be at least 30 square meters (Fig. 13). The pond should be built with a
flat and smooth bottom. Several such water bodies, about 3–4 pieces are required for
the successful conduct of the proceedings. For successful fishing on the pond bottom
of the pond should be smooth, without unnecessary barriers such as driftwood, large
stones, etc.
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Figure 13. View of ponds for growing of crayfish.

At the bottom of the reservoir stone or coarse gravel is laid out, and then
sprinkled river sand. In order to provide a drain for reservoir drainage pipes in the
form of a grid at the end which comes out to the pond must be installed, to make
crayfish not leave it (Fig. 14).
The edge of the pond can be planted with garden plants, to give it a natural look.
Reservoirs should be insulated in the winter, to prevent freezing of the water, and
death of crayfish.
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Figure 14. The scheme of the pond for growing of crayfish.

The best variants for keeping of crayfish are covered pools, where all favorable
conditions for the breeding of crayfish throughout the year can be created. They do not
hibernate, but on the contrary they will constantly feed and grow. From three or four
of these pools about 400 kg of commodities crayfish can be obtained. The first year
will not be profitable, but in the second year it can be already created own brood stock
and respectively, more crayfish would be grown.
The company can also be based on the artificial cultivation of crayfish in factory
conditions on the principle of building a closed water supply systems. Production of
growing of crayfish can be organized in a room of 800 m2, about 360 m2 of which are
occupied by in basins (Fig. 15).
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Figure 15. Scheme of disposition of pools in factory method of growing of
crayfish.

As for such an enterprise pools are built, it is necessary to make several pools for
different purposes:
- Stock pools – oblong, with size of 1×25 m, which will contain the crayfish
sires. The optimal density of adult crayfish is 3 ind./m2.
- Pools for the growth and cultivation of products – 4 pools with size 1.5×5 m
(density of crayfish is1000 ind./m2.) And one 3×5 m (stocking density is 3000
specimen/m2).
- Pool for the first category of production (small and medium-sized crayfish) –
pool of 4×25 meters, divided into several sections (stocking density of material is 300
ind./m2.).
- Pools for growing of premium crayfish (large ones) – large pool (8×25 m)
with a low density of planting (50 ind./m2).
The other part of the room is Tech Zone, where is the compressor, generator,
water quality analyzer, biofilters.
For breeding of crayfish two species are used; they are European crayfish
(Astacus astacus) and Danube crayfish (Astacus leptodactylus) (Fig. 16).
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Figure 16. Crayfish: 1 – European crayfish (Astacus astacus);
2 – Danube crayfish (Astacus leptodactylus).

Firstly it is necessary to create a broodstock of crayfish. Sires of crayfish can be
purchased at a special farm for breeding or caught in pond using crayfish trap. Alive
crayfish can also be bought from fishermen engaged in fishing of aquatic biological
resources.
To create broodstock it is sufficiently to have 30–40 individuals of large healthy
crayfish without visible damage. Each female can lay about 100 eggs, from which
planting material can be got. Considering the natural mortality and cannibalism, the fry
output reaches 30 % of the eggs; that are about 30 individuals. If 5 individuals of
crayfish (4 females and one male) are run into the pond, 130–160 individuals of
crayfish can be got in the following year (Fig. 17). On average, 1 kg consists of 12
crayfish, so if 0.4 kg of crayfish are run into the pond, they will increase by 13 kg
(biomass increases more than 30 times).
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Figure 17. Technological cycle of cultivation of crayfish.

Crayfish reach marketable weight for 2–3 years, during that time they grow to a
length of 10–12 cm and a weight of 40–80 g. Fingerlings (5, 10 and 15 g) are also
suitable for sale and they can be implemented as planting material.
Juvenile crayfish 3–4 cm long, can be run into the pond (or pools), with an area
of 30–50 m2, where their cultivation will occur. Planting norm for crayfish is 30–40
individuals per 1 m2. It is necessary to monitor the temperature and hydrochemical
condition of water for growing of crayfish.
Feed of crayfish is carried out once in 2–3 days. It is advisable to feed the
crayfish by special mixed fodder, which should contain the following components:
protein – 32 % fat – 5 %, carbohydrates – 12 %, cellulose – 4 %, moisture – 12 %.
Given the fact that crayfish are benthic organisms, feed must be pelleted, and must
sink and soak slowly. As an additional fertilizer, small fish, worms, potatoes, fresh or
wheat germ can be used. Volume of feeding is set at 5 % by weight of crayfish. Thus,
if for the first year 15–20 kg of crayfish are populated for the growing season from
May to November (210 days – about 100 feeds) the required amount of feed will be
20×0.05×100 = 100 kg.
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The second year of growing of crayfish will be much more expensive, because
they will start to gain weight, the amount of feed may reach 15–18 kg per feeding.
Thus, for 4000 individuals (weighing about 300 kg), the amount of feed will be
300×100×0.5 = 15.000 kg = 15 t.
During the growing season it is necessary to clean regularly the water from food
residues and the dead animals, to carry out a water change (about 10 % every two
weeks), mow the unwanted vegetation and protect the pond from excessive sunlight,
apply aeration if necessary. It is necessary to carry out periodically fishing on ponds to
control gains of crayfish and monitor their physiological state.
Crayfish catch is carried out using traps or seines. The first collection is carried
out in August and September of the second year of operation of the farm. If crayfish
reached the mass of commodities, catching of crayfish can be started. The optimal
catch of crayfish is in the amount of 20 kg per week, no more than 10–12 catches a
year. Thus, it is possible to defuse the population and to establish the place of sales. It
is advisable to let out to the water body very small crayfish. For the first collection,
200–240 kg of crayfish can be got. Other crayfish remain for the next year. Yields can
be implemented in a live, cooked and cooked-frozen state. Recent versions require
additional equipment for cooking, freezing, packaging goods and certification.
At the pond growing of crayfish green tourism or agri-tourism can be arranged
conditions for fishing or leisure should be created or catch of crayfish while relaxing
on the shore of the pond should be offered to holidaymakers [22,23].
Questions for self-control and self-training
1. What biological characteristics of crayfish breeding do you know?
2. What is the principle of the design of reservoir for growing crayfish?
3. Cultivation of cancers in covered pools.
4. How to create a broodstock of crayfish?
5. What does a biotechnological cycle of cultivation of crayfish includes?
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Theme 8. The cultivation of Californian red worm
California red worms – Eisenia andrei (Fig. 18). Interest in the earthworm, as a
cultivation object has arisen in connection with the possibility of using it as a valuable
protein source for livestock, poultry and fishery. In particular, it began to grow due to
a decrease in the catches of fish in the seas, and the sharp rise in price of meat – bone
and fish flour. Dry matter in the body of the earthworm is 13–20 %, which contains
61–72 % protein. Worms that live in the wild have the ability to meliorate and
structure the soil, to produce vermicompost, which is an effective fertilizer.

Figure 18. California red worm – Eisenia Andrei.

Abroad, Californian red worm is used for the cultivation, which is a product of
long-term breeding of manure worm, which by its productivity is hundreds of times
ahead of its "wild relatives".
Cultivation methods. Breeding of Californian worm is carried out both in closed
spaces (on the concrete floor with the device bed in wood, metal, plastic boxes, on
shelves, arranging them by floors, baths and other devices with a vertical accumulation
of food substrate), and in the open ground in small containers or on a bed. In closed
spaces 1 m2 gives twice the commodity mass of worms than in the open fields.
The bed is placed in the direction of the wind and so that the excess water flows
out. It is recommended to make a bed with width of 1.2 m and a length of 50 cm,
height 25–30 cm, and keep distance between lodges by 90 cm.
Feed for the worms can be a variety of organic residues and dung of various
types, which are prepared for consumption. Organic residues should contain 20–25 %
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of cellulose (chopped straw, etc.). For this, they need to be processed in fermentation
in compost piles of 1.5–2 m wide, 1.5 m high. For self-heating or fermentation mass
must be mixed thoroughly to obtain a homogeneous mixture and humidify up to 70–80
% of the total wetting and let stand for 10–15 days. Before moisture of pulverized
lime, chalk is applied to the surface in the rate of 5–10 kg/ton.
As bait for worms it is used food, which contains rabbit manure – 10 %, horse –
15 %, cow – 35 %, sheep – 10 %, pork – 30 %. The amount of protein in any feed
should not exceed 40 %. Animal manure cannot be used (except rabbit) which has not
passed the fermentation for 6 months, or spent more than two years after completion of
fermentation.
The base substrate is stowed with thickness up to 25 cm, fertilizer is stowed up to
10 cm. Surface is evenly populated by worms from 1.5 to 2.5 thousand individuals of
broodstock per 1 m2 after sunset (worms do not tolerate solar radiation and die). After
stowage of culture substrate surface is covered with straw or burlap. After 3–5 days
substrate is moistened to 50–60 % and then adjusted to the optimum moisture (75±10
%). The temperature should be between +22±5 °C, pH 6.8–7.2. Worms suck by mouth
semisolids a particle size of which is less than 1 mm, in an amount corresponding to its
mass. 40 % of the consumed food is digested, 60 % is released in the form of
coprolites. From one ton of food used by worms, 500–600 kg ofvermicompostand 100
kg of worms’ biomass is obtained [24,25].
Questions for self-control and self-training
1. For what purpose Californian worms are cultivated?
2. In what areas and containers Californian worm is grown?
3. What substrates are used for cultivation of worms?
4. What optimal conditions are necessary for cultivation of Californian red worm?
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Theme 9. The cultivation of nematodes
At the present time Pangellus redivivus Goodej as representative of the
nematodes is introduced in cultivation. This is a free-form, widespread in nature.
Moreover, small amounts of vinegar nematodes are grown (Turbatrig aceti),
nematodes of the genus Rhabditus and Gordius aquaticus. Latest are found in nature
together with bloodworms as white with length of 30 mm and rolled up in a ball,
worms.
Nematode`s body contains about 76 % of water and 24 % of dry substance
consisting of 40 % of protein and 19.5 % of fat. Compared to other invertebrates fat
content in body of nematodes is very high. Nematodes are characterized as a valuable
food items for growing of young fish.
P. redivivus is extremely easy to breed. The high reproductive capacity, short life
cycle and persistence to changes in environmental conditions determine the stability
constants and always significant results of cultivation of this species.
There are two ways of cultivation of nematodes in the practice of fish farming.
First one is the method of cultivation of white E. albidus, which is conducted in
wooden boxes filled with garden soil. Substrate and stock culture is added into the soil.
To facilitate the collecting of nematodes substrate is applied to the soil surface and
covered with glass where nematodes crawl out.
The second way is the most convenient, when nematodes are grown directly in a
nutrient medium without the substrate.
The substrate for cultivation of P. redivivus is made of oat or barley cereals,
brewed in a form of porridge or boiled vegetables. In both cases, it is recommended to
add a little milk.
The food substrate is prepared thick enough. In this case, the surface is quickly
colonized by nematodes; it inhibits the development of accompanying microflora. The
liquid substrate at the end of the first day is covered by a bacterial membrane so the
growth of the culture of worms delays. In some cases, the situation can be corrected by
soft drying of environment.
Nutrient substrate of required consistency is obtained when one of the following
foods is brewed in 1 liter of boiling water: oatmeal – 150 g, oat flour – 200 g, fodder
oats – 300 g barley flour – 250 g. Every of these products are sufficient to be boiled
for 7–10 minutes except fodder oats, which should be cooked for 40–50 minutes.
Substrate is used in refrigerated and stir form. Cooked vegetables can be used with the
addition of a small quantity of milk, soy peptone, casein, liver extract, vitamins.
Sowing is carried out in a clean, dry cuvette to make layer of 1–1.5 cm. On the
finished substrate worms are placed with an initial density of 300 ind./cm2.
The nematodes colonize mainly the upper 5 mm of the substrate layer, but during
the period of active growth of the population it reduces to 3.2 mm. It was found that
for successful cultivation of nematodes layer of substrate in the 10–15 mm is enough.
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A lower layer of the substrate dries rapidly and sowing of culture is required
more often.
As capacities for breeding of P. redivivus a variety of cuvettes made of any
material (wood, glass, enamel, plastic, etc.) serve. In mass cultivation of P. redivivus
enameled cuvettes with size 30x40 cm with 4 cm wall height are used. Top of cuvettes
are covered by glass on which wet sponge is attached inside. Glass protects the culture
from drying, and wet sponge creates certain humidity. The cuvettes are placed on
wooden racks (Fig. 19).

Figure 19. Scheme of cultivator for nematodes.

Cultivation process. The substrate for cultivation is divided into clean and dry
containers with layer thickness of 10–15 mm. For each cuvette of declared above size
1.5–2 l of prepared substrate is needed. On the substrate surface a portion of the old
substrate, which contains the nematodes is applied an even layer, or a small amount of
a pure culture of worms. The cuvette is covered with glass, and transferred into the
room to grow.
Maturation rate and overall condition of culture largely depends on the initial
amount of nematodes. Good results are obtained from worms` output density not lower
than 300 ind./cm3, or 400 thousand individuals per cuvette, corresponding to 350–400
mg of a pure culture on a cuvette. If the initial number of worms is small, a significant
portion of the food substrate can become quickly populated by different groups of
microorganisms, which are liquefy and ferment it.
Cultivation is carried out at normal room temperature of 20–25 °C (at least 20 °C,
29 °C maximum), but good results are obtained at lower temperatures within 7–10 °C.
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In the latter case, the biomass growth is somewhat slower, but the culture
remains longer in good condition. Substrate pH should be in the range 3.5–4.5 (up to
7.5). Time of culture maturation can be easily defined by the appearance of clusters of
nematodes on the vessel walls and glass that covers it.
The growth rate and the period of existence of a culture depend on the
temperature. At 18–20 °C increase of the number of nematodes is quick and on 10–11
day density reaches the maximum value. In this case, nematode growth is
accompanied by rapid development of microorganisms, whereby on the 15th day
rarefaction of the substrate can be noticed, it becomes gray and sour odor appears.
Cultivation of vinegar nematodes. Vinegar nematode (Turbatrix aceti) typically
infest in not pasteurized vinegar. The size of the adult worm is 1–2 mm (Fig. 20). They
are heterosexual and viviparous. Inside the female twisted into a spiral juveniles are
clearly visible. The female eggs develop about 8 days. From the female`s body fully
formed small worms come out. They have the ability to multiply rapidly in terms of
vinegar fermentation.

Figure 20. Vinegar nematode – Turbatrix aceti.

Breeding of vinegar nematodes is quite simple. They are cultivated on mushy
oatmeal, Hercules, white bread, soaked in water or milk, in the grated carrots, etc.
Enameled, glass or plastic cuvettes with a cap, which should be washed well
before the start of cultivation, are commonly used for breeding of nematodes. On the
inside of the lid a piece of cloth soaked in water is glued, creating a moist environment
in the cuvette. It is set in an inclined position by placing tablet under one of the
corners. In the lower half of the cuvette a lot of creamy oatmeal is placed. Oatmeal is
pre-kneaded with boiling water, cooled, this mixture is added with the scalded with
boiling water and finely grated carrots.
On the surface of the mushy mixture vinegar nematode culture is applied. After
2–4 days at a temperature of 20–22 °C worms development occurs. They crawl on
moist areas of the walls and the free part of the bottom of the cuvette, where they are
removed with a brush and transferred to a glass of water to wash the substrate.
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Nematodes settle to the bottom, from where they are gathered by pipette and fed
to fish larvae. Lifespan of nematodes in water is several days.
During the breeding of worms (about 1–3 months) creamy mass becomes liquid,
which indicates the need for recharging of culture.
Nematodes can also breed on densely cooked porridge, on gruel, consisting of
bread and milk, or white bread. Food substrate is placed in a cuvette, and culture of
nematodes is introduced there. All this is covered with glass. In this method, vinegar
nematodes breed no worse than in oatmeal.
While using of any prescription sterility must be observed because in case of
appearance of moldy fungi culture of nematodes dies.
Nematodes can also be planted on oat flour, moistened with an atomizer. This
method is very efficient, but short-lived, because the culture needs constant moisture.
Worms are cultivated well in the grated carrots. For this, it is treated with boiling
water, rubbed on a fine grater, its juice is squeezed and it is placed into the cuvette. On
these substrates worms multiply very quickly. The disadvantage of this method is the
rapid overgrowth of fungi culture.
Very popular way of breeding of worms is breeding on kefir. In this case, the
worms are bred in common container, filled with a mixture of humus (50 %), sand (30
%), peat and moss. Previously these components are boiled separately for 10 minutes
and then stirred. On top of the mixture the culture of nematodes is placed, it is poured
with a thin layer of kefir and covered with glass. The worms are fed by kefir several
times per week. Worms crawl on the wall of the vessel, where they are collected by a
wet brush.
Feeding of fish fry by nematodes should be alternated with other feed. Vinegar
nematodes withstand salinity up to 40 ‰ for 8 hours, so it can be used for feeding of
juvenile marine fish.
Nematodes are still not widely used in the production, but further enhanced
biotechnology cultivation can be widely used as the start live food for fish larvae [2628].
Questions for self-control and self-training
1. For what purpose nematodes are used in aquaculture?
2. What methods of cultivation of nematodes do you know?
3. Describe the scheme of cultivation of nematodes.
4. How vinegar nematode is cultured?
5. What is used as a nutrient substrate for growing of nematodes?
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Theme 10. The cultivation of other worms and insect larvae
White worm – Enchytraeus albidus (Fig. 21.). Enchytraeids is one of the
families of oligochaetes. White worm is called potted, as it is often met in pots with
plants. It is found not only in the soil but in fresh and brackish waters in littoral of
seas, where it inhabits among the rocks in the detritus and also in algae washed ashore.
White worm is cultivated for further use as live food for fish.

Figure 21. White worm – Enchytraeus albidus.

Cultivation methods. White worm is cultivated usually in the soil, although there
are other methods of cultivation on other substrates such as white brick, shingle and
slag between sheets of filter paper, as well as between the tissue webs. Method of
cultivation of several species of Oligochaeta in Petri dishes on agar, which contained
soil extract (22 %) was described. The surface of agar is covered with a small layer of
soil in which worms lived, feeding by microflora, which has developed on the agar. To
maintain the normal moisture conditions cameras with high humidity or special
devices, which are regularly moisten the substrate are used.
Modern cultivation techniques of white worm are based on cultivation in the soil.
As previously mentioned, the most suitable soil is one with a soft structure having a
high porosity and moisture content. Such soil is taken in greenhouses, orchards,
gardens and also arable land is used. Since the cultivation of worms occurs in different
places, the standard methods of consumed soil improvement can be recommended. It
is advisable to stick to farming practices. Prepared soil is sieved through a net with a
mesh size of 3–4 mm, is cleaned of impurities, moisturize. The most favorable
conditions for breeding of worms are following: 17 Enchytraeus albidus 18 °C
temperature (possible fluctuations 10–22 °C); soil moisture of necessary structures 23–
25 % (the possible limits of 22–23 %); the reaction of substrate is neutral or slightly
acid (pH alkaline is contraindicated).
White worm are breeded in boxes made of unpainted boards simple, 10–15 cm
high, with an area of 0.2–0.3 m². At the bottom of the box layer of peat, garden soil
and then 2–4 cm below the upper edge are poured. The worms are put into the soil to a
depth of 3–4 cm. The foodis also put there. The soil surface is aligned, and the box is
closed by glass or wooden lid. Prepared this way box is installed in a specially
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equipped premises, oligochaeta-breeders. Shelves are placed in tiers 8–10. The
passages between the shelves should be 1–1.5 m.
For oligochaeta-breeders auxiliary facilities are built: the kitchen for the
manufacturing of feed, closet for food storage, as well as room to extract worms from
the soil.
Initial stock cultures are put in boxes in the rate of 200–250 g/m² (40–50 g per
box with size 50×40×12). Thereafter, 2–3 grooves with depth of 5 cm are made in soil,
where feed portion is laid and carefully covered with soil. As food there are used
products, which do not contribute to the mass development of other soil dwellers
(springtails, mites, fly larvae etc.). Basically it is a variety of cereals, flour and bran,
vegetables and root crops, green grass plants, berries, fruit, yeast. Before putting food
into the soil it is brewed and milled. When brewing individual products these
proportions are followed: 100 g of bran – 0,4 liters of water; 100 g flour – 0.5 liters of
water; to 100 g of potato puree is added 0.7 liters of water; 100 g of nutrient yeast –
6,3l of water.
To maintain soil structure alternating of structural and nonstructural feed is
useful. Food is given once a week in an amount which is designed to increase the
biomass of worms considering feed coefficient. For 1 g of biomass growth of
oligochaete it is necessary to use 6 g of potatoes or 1 g of yeast.
The maximum portions of the feed which are put and in a box of 0.2 m² for one
week are: flour or groats – 180 g (dry weight), root crops, vegetables –600 g (wet
weight), herbaceous plants – 750 g (wet weight) hydrolyzate yeast – 50–60 g (dry
weight).
Caring for the culture of worms is systematic monitoring of the state of the soil,
population density and the presence of harmful animals. During the growth of the
culture biomass its systematic thin out is carried out by removing a certain number of
worms (with or without soil). To obtain maximal production of white worms it is
advantageously to carry out distribution of worms when their biomass in the box (0.2
m²) is not more than 200–300 g.
Given the fact that the methods of controlling animal pests (mites, fly larvae,
springtails, etc.) are not developed enough, it is necessary to guard culture against their
occurrence in every way. The surfaces of the boxes must be closed by clean lids, food
covered with soil, soured and mold particles of food should be removed immediately.
When flies appear outer surface of covers, windows and doors are sprayed with a
solution of hexachlorane.
In a well-paced culture, worms concentrated in the thickness of the soil near the
feed clots. Mass output them to the surface of the soil or accumulation near the cracks
indicates adverse conditions.
Using of the culture of worms should begin in the period of maximum growth of
the biomass that is 40–50 days from the start of breeding. Gathering of white worms
from the soil occurs daily by 35–420 g/m² (70–80 g from the box of 0.2 m²). To this,
during the warmer months sunlight is used, and in the cold – light bulbs, which are
installed above the ditch. Sometimes special heaters are used that generate
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temperatures in the upper layers of soil 28–30 °C. Worms, avoiding light and heat are
concentrated in the deeper soil layers. Next, the soil is removed layer by layer, getting
to the bottom, where the worms are. After removing the last lumps of soil they are put
in pots and taken to the farms where juvenile fish are grown. The rest of the soil,
which contains a large number of cocoons with eggs, is poured into the box and the
process of growing continues. To separate the worms from the substrate tray with a
perforated fence is designed which is made as a conveyor belt, above which is
mounted a light source and motion exciters. Grown white worms which were not fed
to fish immediately, are stored in rooms at a temperature of 0 °C in the boxes with soil
at a density of 4–5 kg/ml. In such circumstances, they can be stored for up to 100 days
at a low waste and a loss in weight [29].
Sludge worm – Tubifex tubifex (Fig. 22). Sludge worm is inhabitant of shallow
rivers, ditches and pools of stagnant water. The highest concentrations of it are in the
places of water discharges from livestock farms, breweries and other food companies.
Sludge worm is the typical bottom-dwelling animals, can live not only in the mud, but
in sandy soil. They feed mainly on organic residues of soil of water reservoirs,
skipping through itself the amount of soil per day, exceeding its own weight several
times. The soil at the same time is mineralized and released from organic residues.
Thus, there is a biological self-purification of polluted water.

A

B

Figure 22. Sludge worm: А – general view, B – sludge worm on
a silty bottom.
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Sludge worms reproduce only sexually, mainly in the summer months. The
cocoons contain several eggs, from which offspring appears a month later.
Cultivation methods. Among the known methods of cultivation of tubificids
reliable methods were not yet been developed. However sludge worms are
successfully bred in running water using organic waste (in particular, cow manure). In
such installations for the production of 1 kg of biomass of sludge worms 18 kg of
manure and 38 liters of water must be used [30].
Chironomids. Mass cultivation of insect larvae (type Arthropoda, Insecta class)
as feed for fish is associated with great difficulties due to the peculiarities of their
biology and life cycle. Chironomidae on stage of larvae and pupae live in water (Fig.
23), and an adult stage of the insect (imago) is terrestrial.
As objects of artificial breeding Chironomus plumosus and Ch. Thummi are
frequently used which are among the common forms that are resistant to adverse
environmental factors.
Cultivation methods. The method of mass cultivation of mosquitos larvae from
chironomidae family (Chironomu ssp.) reckons for creating indoors necessary
conditions for the completion of all stages of hironomus life cycle, specifically
fertilization, egg-laying, feeding and growth of larvae, formation of pupae and flight
out of adults. This requires at least two premises: one of them contains a stock swarm
of mosquitoes and incubation of eggs occurs there, in the second one larva are grown.
The swarm of mosquitoes is cultivated at 20–22 °C. To provide the continuous
process of flight of mosquitoes, laying of eggs into special cuvettes is carried out in 1–
2 days. The lifespan of mosquitoes is 3–4 days.

А

B

Figure 23. Larva (A) and pupa (B) of mosquito.
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Eggs of chironomids are laid into enameled cuvettes, which have a height of 4–5
cm, and are poured with water in a layer of 2–3 cm. In cuvettes larvae grow to pupae
and flight (Fig. 24).
The main mass of spawns with larvae is transferred to a nursery room that is
equipped by facilities for rearing of larvae. In this room, enameled cuvettes are
arranged in tiers of 30–40. As the substrate in the cuvette is river water mixed with
sludge for consistency of thick cream, in a layer of 1.2–1.5 cm. Spawns with the larvae
are uniformly put over the surface of the sludge mass in the rate of 100–150 spawns
per 1 m². The yeast is used as feed, which is added in 2–3 days at the rate of 5 g/m² per
day to 45 g/m² per 10–15 days.

Figure 24. Installation for growing of chironomids: 1 – Rack of frame,
2 – a support for cuvettes, 3 – cuvettes.

The duration of larval rearing is 15–18 days. For 2–3 days prior to sampling of
larvae content of cuvette is sieved trough sifter with mesh size of 0.7–0.8 mm. Up to
35 g/m² of chironomid larvae per day can be obtained by this method [31,32].
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Maggots. In a production environment, without much loss of labor, on biomass
of fish died in the process of growing, for 7–8 days, up to 12 kg/m² of biomass of
blowfly larvae can be obtained.
Blowfly eggs in early spring can be easily obtained from the producers who did
not die during the winter. For this meat of rotten, unfit for human consumption fish
(which has an odor), is placed in a cuvette and in high temperature manufacturers of
blowfly fly on in to lay their eggs. By the end of the day, when egg laying of flies is
terminated, the cuvette is taken and placed in a specially equipped room for the
cultivation of maggots, where laid eggs are placed on a nutrient substrate for the
cultivation of biomass.
For the cultivation of maggots enamel, plastic or other containers of the inactive
material with vertical walls with height of 25–30 cm can be used. To prevent the
spread of the larvae tanks are covered by frames covered with thick nylon sieve.
Square of one is from 0.5 to 1 m. In such containers 50–100 kg of unusable fish is
loaded. To facilitate the process of separation of maggots from the nutrient substrate,
prior to use it is expedient to mince fish. Fish not thicker than 10 cm, is placed on the
bottom of the container, and suspended portion of fly eggs is scattered over the surface
in the rate of 50 mg/kg of nutrient substrate. Filled in this way containers are covered
by the frame and placed in a box the hatchery, which is constantly monitored by the
temperature and humidity of the environment. Depending on the height of containers
in the box, they can be placed in several layers. It enables efficient use of its volume
and heat spent on heating. With the constant maintain of the air temperature in the
incubator box at 28–32 °C and humidity of 90–95 % in 7–8 days fly larvae reach an
average weight of 150–200 mg, which provides an output of 12 kg of product.
Maggots which have reached the regulatory weight and size, along with the
remnants of nutrient substrate are filled in a nylon sieve net № 13 and washed in water
to remove the liquid and not processed the raw material particles. After washing, the
residue is poured onto the frame, fitted by nylon sieve with a mesh size of 3–4 mm,
mounted over a container in which maggots are accumulated. Poured into the frame
larvae maggots try to hide, quickly moving into the thickness of the layer and passing
through the net enter the capacity, and unwanted residues linger on the frame.
After 10–15 hours of incubation maggots without the nutrient substrate (for the
complete evacuation of the intestine) and washing in a solution of bleach (5–10 %, for
the decontamination and destruction of the smell) them in whole or powdered state are
used as fish feed or subjected to drying under the action of the heated air to the
temperature of 60–80 °C.
Dried and, if necessary, crushed maggots are harvested and stored until the time
of its application. Harvested this way maggot can be successfully used for the feeding
of fish (including aquarium).
In addition to the work to strengthen the development of the natural forage in
ponds and breeding of live food for use in aquaculture, it is advisable to use a live feed
from the water, where their development is massive. Harvesting of organisms such as
zooplankton and zoobenthos is carried out [33,34].
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Questions for self-control and self-training
1. Describe the biological characteristics of the cultivation of white worm
E. albidus.
2. How sludge worms are cultivated?
3. How chironomids are cultivated?
4. How to get the planting material for the cultivation of maggots?
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Theme 11. The cultivation of grape snail
Grape snail – Не1iх pomatia (Fig. 25) is one of the largest snails in our country.
They belong to the type of Mollusk (Mollusca), class of gastropods (Gastropoda).

Figure 25. Grape snail.

Grape snail is known to humankind for several thousand years. It is considered
that its birthplace is countries of southern and south-eastern Europe, where it spread
widely, mainly with the participation of the people. In many countries the snail is
considered to be a delicacy. Food terrestrial mollusks, known collectively as "snails"
are traditional delicacies in a number of countries in Western Europe, America and
Southeast Asia. Further, the snail is raw material for producing various medicines,
which promote activation of vital processes and rejuvenate the organism.
Grape snail is herbivorous polyphage. Snails named grape, obviously because
they are most often found in the vineyards. As the food they use the leaves and stalks
of many plants and can live even in regions where the grapes are not grown. Snail
prefers broad-leaved forests, in which the top tier dominated by linden or alder, as well
as parks, overgrown bushes, ravines, gardens.
Snails are hermaphrodites; their reproductive organs form generative cells of
both sperm and eggs. During copulation there is cross-fertilization. Breeding of snails
begins, on average, two weeks after the release of shellfish from hibernation. In nature,
the period of reproduction of snails lasts from May to September, and in warm
weather, till October. However, under controlled circumstances (e.g., indoors), these
terms can be stretched.
All stages of the reproduction process (copulation, egg-laying, the output of
juveniles) occur with a gap of about a month, and are highly dependent on weather
conditions. Two weeks after copulation the snail lays eggs in a special hole in the
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ground (to a depth of 3–4 cm) that was dug out by a foot. The walls of it are
compacted. For the constructing of nest snail spends about twenty hours. It lays 40
eggs of 7 mm in diameter (average 5–6 mm) and a weight of 100–130 mg. Depending
on the temperature and humidity incubation period lasts for 14–30 days (the optimum
temperature is 20–22 °C and humidity is 80–85 %).
Puberty of snail comes at the age of four years. Growth processes at this point are
mostly completed, but sometimes they last up to 5–6 years of age. The maximum life
span does not exceed nine in vivo (average 7–8 years).
Cultivation methods. There are currently several methods and techniques of
breeding of snails:
 in open areas («snail gardens» and captive maintenance);
 mixed (copulation, laying, incubation of eggs, fry rearing is conducted
indoors, and the subsequent rearing occurs in open areas);
 indoors.
For the cultivation of snails special biofarms are used, but they can be grown in
more simple terms, using the sheds, cellars, greenhouses, hotbeds.
Growing of snails in open areas. In the fenced by mesh fence area beds are
made and sown with cultures of forage plants (creeping clover, legumes, beet,
sunflowers, Jerusalem artichokes, and others.). When the plants reach a height of 12–
15 cm the adult snails are released (18–20 ind. per 1 m2). Later snails copulate and lay
eggs on this site and as a result, juveniles appear and grow. Required condition for
breeding of snails in open areas is enough food and determined moisture. Snails
hibernate in the same territory. In the second year of life in case of need for additional
feeding throughout the site freshly cut herbs are laid out. In September grown snails
are collected and sorted. The large animals form broodstock.
Snails need space for good breeding. The most optimal condition is a density of
40–50 snails (about a kilogram) per 1 m2. Progeny grows fast enough and in vitro
reach marketable weight in about half a year (in the cycle of "spring-autumn-spring"),
"trademark" is the weight of 20–25 g and a size of about 5 cm. Even if during that
period only a fraction the new generation will survive, still each snail brings up to 1 kg
of offspring, for the growth of which 2 kg of feed is spent. Thus, from 100 kg of snails
several tons of offspring can be received.
With this method mixed cultivation is possible, when the snails received indoors
and raised to 1.5 months of age, are transplanted to "snail gardens" to grow to
marketable weight. Collected in the autumn mollusks are introduced into "hibernation"
at 2–4 °C and hold for 3–4 months at a temperature of 7–9 °C and 6-hour photoperiod.
After the "hibernation" snails are awaken, raising the temperature to 20–22 °C and
humidity up to 85 % (watering with warm water) with 10–12 hours of photoperiod.
The diet of snails consists of grain fodder (60 %), herbal or hay meal (33–35 %),
crushed chalk or gypsum (5–7 %), root vegetables, green fodder.
For copulation, which may last for three weeks, the snails are transplanted into
plastic or wooden boxes. After copulation half-liter plastic container filled to a height
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of 8 cm of soil mix (50–60 %) and sand (40–50 %) are mounted into the boxes. The
mixture is moistened. Snails creep into the prepared container and start laying eggs.
Oviposition period lasts for 4–6 weeks. Eggs are removed using a spoon and
transferred to the special cuvettes, where incubation lasts for 12–14 days (temperature
is 20–22 °C, humidity is 95–100 %, photoperiod is 8 hours). Rearing of juveniles to
1.5 months of age is carried out in boxes (40×25×12 cm) of food grade plastic or of
wood with holes (for waste disposal). Snails that have hatched are transferred there
(total weight 25 g). Food and water is supplied in flat containers. As feed, a mixture
consisting of finely ground feed or meal (85 %), milk powder (5 %), the crushed
gypsum (10 %) is used. In late May, the snails are transplanted into open areas ("snail
gardens") for further cultivation. To make mollusk meat tasty and fragrant, a few
weeks before harvesting snails are fed by fennel and thyme.
Mixed cultivation of snails is based on the technique of closed and open
cultivation. With this method, there are two possibilities. In a first embodiment,
maintain of broodstock, receiving of nests, incubating of eggs, rearing, and maintain of
juveniles carried out indoors, and the rearing of fingerlings to marketable weight – in
an open area. The second option obtaining clutches, Rearing, and wintering juvenile
spends in the room, and in the spring after waking up they are released in the "garden
snail" to grow to marketable weight.
It is calculated that to produce one ton of marketable snails (by method of mixed
growing for 8 months) broodstock weighing 15 kg (about 750 adult snails) is needed,
and for maintenance of them closed premises with an area of 4 m2 is required. For
incubation, maintenance of the eggs and fry (approximately 60 thousand ind.)
additional 18 m2 of space is needed. In addition, plastic tubs with the size 1.0x0.5 m (8
ind.) and plastic cuvettes (150 ind.) are required for the maintenance of adult snails.
For keeping of the juvenile metal 5-tiered shelves and cuvettes for laying of eggs with
size of 12×8×6 cm (200 ind.) are necessary. For the growth of fry (about 60 thousand
ind.) to trade sizes from May to September fenced enclosures are needed ("snail
gardens" are land, fenced by the mesh fence, planted with grass, provided with
sprinklers and shields – refuges for the snails) of 400 m2. As an additional caloric food
milk powder (15 kg), the feed (1350 kg), chalk (300 kg) is used. In September, the
mass of snails must reach one tone, from which 15 kg of largest snails are taken for
broodstock, and the other part of them is sold.
In the summer an additional 15 kg of snail "caviar" can be obtained. All snails
growing cycle can be divided into two periods: the receipt of spawn and juvenile and
growing of snails to marketable weight. It is possible to double the use of the obtained
material, on the one hand, by selling juveniles for farming and specialized farms, on
the other by the receipt and selling of commercial products of snails and eggs. System
of mixed cultivation of snails is popular because it has good economic benefits.
Growing of snails indoors. This cultivation method requires a lot of capital
investment, while at the same time provides a good economic performance. The room
for the cultivation of snails should be isolated from odor, gas, dust, with adjustable
temperature and humidity conditions. The room must meet the health standards, and
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the water should meet drinking options. The room must have drain to flush waste. It
must be equipped with multiple compartments: for sires (broodstock), for incubation
and rearing of juveniles in the first 4–6 weeks of life, juvenile rearing, cultivation of
commodity snails, for winter, for feed and space for staff.
The main difficulties faced by the budding farmers are the need to respect
temperature and corresponding humidity, feeding conditions, health standards in the
care of the snails at various stages of cultivation, etc. All this combined can affect the
economic performance of this activity [35-37].
Questions for self-control and self-training
1. What do snails feed on?
2. For what purpose are snails cultivated?
3. How are snails grown in open areas?
4. On what is the mixed cultivation of snails based?
5. How do snails grow indoors?
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Theme 12. Breeding of apple snails
In many countries, much attention is paid to the invertebrates like gourmet food.
Among them there are both marine and freshwater mollusks. A common object is
apple snail, gastropods, which have long been cultivated on biofarms both as gourmet
food, and for decorative purposes.
Water apple snails, Ampullaria australis (Fig. 26) were brought to Europe from
South America in the early XX century. This species belongs to the family of
Ampullarriidae that is widespread throughout the tropical belt of the globe. In this
family there are large snails such as Ampullaria gigas, that reaches a size as knuckle of
adult.
Outwardly all of the apple snails are similar to our domestic shellfish –
livebearers of the genus Viviparus. Spiral curled shell is light brown with dark wide
stripes. General color can be light and dark. On the back of the mollusc foot is dark
horn cap, which closes the orifice when a snail is hiding in the sink. Apple snails are
amphibious animals and breathe both water and air oxygen. After rising to the surface
of the water snail sets the siphon out (elongated tube of mantle edge), opens a hole on
its end and breathes by the rhythmic movements of the front part of the body. The
length of the siphon of the adult apple snail reaches up to 10 cm.
A. australis is sufficiently large snail; the diameter of its shell is up to 7 cm, and
the length of the leg is 9 cm and a width is 3 cm. Two lip mustaches are on the head of
the snail and the main two long antennas, on bottom of which there are eyes.

Figure 26. Mollusc apple snail.
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Apple snails in the wild live in a wide range of different ecosystems from
marshes, ditches and rivers to lakes. Most species prefer stagnant water. Another tool
for survival is cover of the orifice of the shell, which allows outliving periods of
drought that are often in habitats of apple snails. In such cases, clams are buried in the
mud and hibernate, shuting the lid tightly.
Apple snail is thermophilic shellfish, so 24–30 °C temperature is most favorable
for its development. Activity of snail increases with temperature; at a temperature
below 18 °C, they are moving very slowly, and their activity increases sharply at 24 °C
and above. Temperature affects not only the mobility of snails, but also determines the
duration of their life cycle. With increasing of temperature, the life cycle (from birth to
death) is reduced from 4 years (at the lower end of the temperature range) to a year or
less, while the reproduction rate increases with increasing of temperature. Life span of
apple snail depends on temperature and other factors and it is from 1 to 4 years.
A. australis reach puberty at the age of 12–15 months.
A. australis are omnivorous, despite the fact that in the wild they feed on plant
food in the aquarium they often prefer food of animal origin (bloodworms, tubifex,
meat). Apple snails eat almost everything they can grind and swallow: cucumbers,
spinach, carrots, lettuce, fish food, dead fish, small snails and their eggs. However,
these snails should not be put in aquarium with valuable plants. First of all, apple
snails eat plants with soft sheets. They can be kept (by two or three individuals) in a
large, heavily overgrown aquariums. There they will maintain cleanliness, destroying
the remnants of filamentous algae and fish feed. With a lack of food snails begin to eat
tougher plants.
Snails are heterosexual, the female lays fertilized eggs out of the water in the
evening. The aquarium, which contains the snails, may not be filled with water for
more than 7–15 cm to the edge and should not be left without a cover, as the female
before spawning gets out of the water and begins to explore the space, searching for a
place for the spawn. There are cases when snails fall out from the aquarium. Eggs are
large (up to 2 mm in diameter) and initially are very soft and flexible. They go out by
the genital fold of leg of snails are glued to the glass. Pressing the leg female moves
them, forming a dense spawn resembling an ear of corn. If the female stumbles upon a
previously laid its or someone else's spawn, it does not touch it.
After about 20–30 hours the spawn hardens. On the first day it is pink, over time
it becomes dark, and shortly before hatching of the young snails it become completely
black.
Apple snails breed year round. Within a few days, at short intervals, the female
lays a few portions of eggs. Size of spawn gradually decreases. After an active period
is the big break, and then it repeats all over again.
The development of eggs depends on the water temperature. At a temperature of
24–26 °C development lasts for 12–16 days at a temperature of 18–20 °C delays up to
20–24 days. The second important factor that affects the development of eggs is
humidity. Spawn must be constantly moist but not wet. With a lack of moisture spawn
dries, and the embryos die. At the same time it must not be exposed to condensate
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(from the cover slip), which corrodes the surface layer of eggs and adversely affects
the development of embryos.
After 2–4 weeks (depending on temperature) first snails appear. They themselves
bore holes in the shell of spawn and fall in the water. On the first day after the birth
newborn snails are able to eat soft algae, duckweed, salad, various fish waste and
residues of food. Feed for newborn snails at first can be finely crushed food for fish,
but after two weeks they eat the same food as their parents. They grow at such a feed
quickly enough. It is better to grow them in shallow containers. It is necessary to
monitor constantly the quality of water that must be filtered or periodically or
regularly change. Apple snails reach puberty at the age of 12–15 months.
Aquarium (capacity) for growing of apple snails may be small (10 l per pair of
snails) but the water in it should be filtered. Snails are unpretentious, but they need
calcium to build the shell; pH of the water should not be below 7 and preferably
slightly higher. If the water is too soft (low calcium content), finely crushed marble,
limestone or sea shells can be added there [38-40].
Questions for self-control and self-training
1. What biological characteristics of apple snails do you know?
2. What do apple snails feed on?
3. How do apple snails reproduce?
4. How are the apple snails cultivated?
5. For what purpose are apple snails cultivated?
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CONCLUSIONS
The purpose and tasks to be met by methodological recommendations on the
basics of aquaculture and hydrobiotechnology in the training manual are fulfilled. In
particular, the morphology and biology of fodder organisms used in fisheries are
briefly described. Also, the main technological stages of their cultivation, under
conditions of farms of different capacities, are considered. The most widely used
formulations of nutrient medium and feed mixtures for them are given. Data on the
nutritional value of these organisms are presented, depending on the species and age of
the hydrobionts.
Thus, the standard methods of cultivation of such valuable food organisms as
unicellular algae, protozoa, rotifers, cladocerans and fairy shrimps, nematodes, red
Californian earthworm, enchitrae, as well as maggots and chironomids are presented in
the work.
In addition, the problems of cultivation of such objects of freshwater aquaculture
as shrimps, crabs, grapevine snails and ampularia are highlighted. Morphological and
biological characteristics of these organisms are revealed. Their requirements to
fodders and environmental conditions ensuring maximum efficiency of cultivation are
studied. The nutritional value of the above invertebrates for humans was studied.
Summarizing, it should be noted that these methodological recommendations, on
the basics of aquaculture and hydrobiotechnology, will be useful both for students and
workers in the aquaculture industry. Thanks to the general information provided in
them, it is possible to simplify the cultivation of live food orgasms, which will ensure
the optimization of the operation of various types of fish farms. Moreover, schemes of
cultivation of shrimp, crayfish, grapevine snails and ampullaria will help in the
development of small business.
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