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1. INTRODUCTION 

Each of the partner countries has different background and experiences in aquaculture. History of the 
fish farming goes back to Mid Age based on the traditions of church raising carp and then expanded 
to other species due to experienced gained. But the main driver to continue aquaculture activities is 
the value of produced fish in human nutrition without any dependence to fishing season, climate, 
weather conditions, easy access to the rearing environment and easy to take fish for any purpose i.e. 
marketing, serving, consuming.  

On the other hand, quality and the quantity of the water resources, geography and topography of the 
country, and locality are the other factors which determine the way of aquaculture in a given place. 
Therefore aquaculture is improved rather country specific ways. It is possible to explain the state of 
aquaculture in partner countries such as: 

¶ Greece: Marine production in net cages; and inland waters in ponds, old river beds, fish farms 

constructed along river banks, usually in small volumes 

¶ Romania: Produce many fresh water species in large volumes of ponds, lakes and river side 

land areas from egg to the market size. 

¶ Turkey: Similar to Greece, Turkey has improved marine and inland water fish farming; number 

of species used inland aquaculture is less than Romania and Ukraine 

¶ Ukraine: Have rich inland water resources; big soil ponds, natural lakes, rivers and dams, have 

diverse species in aquaculture. 

2. INVENTORY ON MOST VALUABLE FISH SPECIES IN AQUACULTURE IN BLACK SEA PARTNER 
TERRITORIES  

The list of species used in aquaculture is given in Table 1. In order to provide common understanding, 
foster the communication between the investors in partner countries, it will be useful for the end 
users to have the list of farmed fish species with local, scientific and English names in order to get rid 
of any possible confusion. Such a comprehensive table is prepared and given in Annex 1.  

This document has been prepared according to the information given in the national reports of 
partners. Not all of the species used in aquaculture were included in the report. Farming methods of 
the nine species having high market value are given in the Chapter 2.3. Though there are new species 
farmed in the countries, farming methods are still private and at experimental stage. But due to 
similarities in breeding methods, farming of the new and alternative species will be more common in 
near future.  

Table 1. List of farmed species in the DACIAT partner countries  

No Species Greece Romania Turkey Ukraine 

1 American paddlefish (Polyodon spathula)  +  + 

2 Asian sea bass (Lates calcarifer)    + 

3 Atlantic bluefin tuna (Thunnus thynnus) +  +  

4 Beluga (Huso huso) + +   

5 Bighead carp (Hypophthalmichthys nobilis)  +  + 
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2.1. Brief information about the species used in aquaculture  

2.1.1. Cyprinus carpio ς carp 

Body elongated and somewhat compressed. Lips thick, two pairs of barbels at angle of mouth, 
shorter ones on the upper lip. Dorsal fin base long with 17-22 branched rays and a strong, toothed 
spine in front; dorsal fin outline concave anteriorly. Anal fin with 6-7 soft rays; posterior edge of 3rd 
dorsal and anal fin spines with sharp spinules. Lateral line with 32 to 38 scales. Pharyngeal teeth 5:5, 
teeth with flattened crowns. Colour variable, wild carp are brownish-green on the back and upper 

6 Black carp (Mylopharyngodon piceus)    + 

7 Black Sea salmon (Salmo labrax)   +  

8 Brook trout (Salvelinus fontinalis)  + +  

9 Brown bullhead (Ameiurus nebulosus)    + 

10 Buffalo fish (Ictiobus spp.)    + 

11 Catfish (Silurus glanis)  +  + 

12 Channel catfish (Ictalurus punctatus)    + 

13 Common carp (Cyprinus carpio) + + +  

14 Common dentex (Dentex dentex) +  +  

15 Common pandora (Pagellus erythrinus) +  +  

16 Common sole (Solea solea) +    

17 Crayfish (Astacus spp.) + +  + 

18 European eel (Anguilla anguilla) + +   

19 European perch (Perca fluviatilis)  +   

20 European seabass (Dicentrarchus labrax) +  +  

21 Flathead grey mullet (Mugil cephalus) + +  + 

22 Giant river prawn (Macrobrachium rosenbergii)     + 

23 Gilthead seabream (Sparus aurata) +  +  

24 Grass carp (Ctenopharyngodon idella)  +  + 

25 Jade perch (Scortum barcoo)    + 

26 Mediterranean mussel(Mytilus galloprovincialis) + + + + 

27 Northern pike (Esox lucius)  +  + 

28 Oysters (Crassostrea gigas, C. angulata, Ostrea edulis) +    

29 Pike-perch (Sander lucioperca)  +  + 

30 Rainbow trout (Onchorynchus mykiss) + + + + 

31 Red porgy (Pagrus pagrus) +  +  

32 Russian sturgeon (Acipenser gueldenstaedtii) + + +  

33 Sharpsnout seabream (Diplodus puntazzo)   +  +  

34 Silver(white) carp (Hypophthalmichthys molitrix)  +  + 

35 South African mullet (Chelon richardsonii)    + 

36 Stellate sturgeon (Acipenser stellatus)  +   

37 Tench (Tinca tinca)  +  + 

38 Tilapia (Tilapia spp.)    + 

39 Turbot/Black Sea brill  
(Scophthalmus maeoticus-Psetta maxima) 

 + + + 

40 White seabream (Diplodus sargus) +    
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sides, shading to golden yellow ventrally the fins are dusky, ventrally with a reddish tinge. Golden 
carp are bred for ornamental purposes. 

Distribution: European lakes and rivers. It has been widely introduced to other parts of the world 
(North America, southern Africa, New Zealand, Australia, Asia) (Figure 1). 

  

Figure 1.Common carp (Otel 2007) and distribution (Source: FAO FishStat) 

Carp (Cyprinus carpio Linnaeus, 1758), which is an economically important species of temperate 
climatic regions, is resistant to cold as well as it likes heat and is very suitable for intensive breeding. 
It requires a small amount of oxygen and is not sensitive to handling and adapts to water 
temperature changes between 4-30°C in a short time. Carp is thermophilic. The best increase occurs 
at water temperature 20-ну ȏ˿Φ {ŜȄǳŀƭ ƳŀǘǳǊŀǘƛƻƴ ƻŦ ǘƘŜ ŎŀǊǇ ƻŎŎǳǊǎ ŀǘ о-4 years of age. Spawning 
requires a water temperature of 17-20ºC. Carp is an omnivorous fish, but it gives preference to 
benthic organisms. Carp weight (about 1000 g) can reach the carp in the second or third years of life.  

The natural conditions that suit carp are lowland lakes and rivers where there are abundant 
vegetation to provide food and shelter. The natural habitat is dams, lakes and rivers. Depending on 
water temperature and food condition, it is a fast growing fish. They live 20-25 years or even 35-40 
years and grow over 1 m length and 25-30 kg weight. 

They thrive in warm-water conditions, and require temperatures of at least 18 ºC to spawn. 
Consequently, the success of populations introduced to northern Europe and the British Isles is 
dependent on warm weather during spring and summer. Omnivorous, feeds mainly on bottom-living 
insect larvae, small snails, crustaceans, and some vegetable matter. They are most active at night, 
and feed little at low temperatures. The diet of the young includes small planktonic crustaceans, but 
the larvae, after they have utilized the yolk from the egg; feed on minute rotifers and algae, and the 
young stages of water-fleas. 

Carp has an exceptional environmental tolerance. In spite of optimum growth can be achieved above 
20 °C, it remains viable sudden temperature changes <1 °C for a long time. Carp grows rƻǳǘƛƴŜƭȅ ŀǘ ҉ 
5 salinity and pH intervals from 5-фΦ Lǘ ǿŀǎ ƻōǎŜǊǾŜŘ ǘƘŀǘ ŎŀǊǇ ŎƻƴǘƛƴǳŜǎ ǘƻ ƎǊƻǿ ŀǘ ǎŀƭƛƴƛǘȅ ҉ мнΦ Lǘ ƛǎ 
found in all regions of Turkey and forms the major production in Aegean, Central Anatolia and 
Southern Anatolia regions with different growth rates. For instance it reaches l350 g in the first, over 
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1500 g in the 2nd and 2.5 kg in the third year. It reaches market size at the end of second year, while 
it takes to times more time in the Europe. 

In carp culture mainly the mirror carp is used due to high growth rate, less scales and bones, high 
body depth and good adaptation to culture conditions in Turkey. It has been cultured in Turkey since 
1970 (Çelikkale, 1988). However, in recent years, its production rate reduced around 1 % in the total 
aquaculture production; it was 55.48% of inland fish farming in 1988.  

Carp is an omnivorous fish fed from the bottom. Carp is fed from benthic aquatic animals, plankton, 
pieces of plant forms and vegetative residues. Taking the small water creatures on the bottom 
together with the mud, throws the mud back. Therefore, it opens cavities in the mud. Some of the big 
carp was also observed that they ate fish (Atay & Çelikkale, 1983). Best feed intake and evaluation, 
16-25 ° C water at temperatures of 23-24 °C (Çelikkale, 1988). 

Carp spawns in groups in the natural environment, in lakes and slow-flowing rivers when the water 
temperature is 18-22 oC. Larvae hatch from the eggs adhering to the plants in 3-4 days. Spawning is 
shallow and abundant when the water temperature reaches 18-20 ºC between May-July. Since the 
most important factor in the reproduction of the carp is the water temperature, it rarely breeds or 
does not grow at all in Northern countries. Ovulation is completed in a week. It lays 200-300 
thousand eggs per 1 kg of body weight. Their eggs are transparent and sticky and have a diameter of 
about 1mm. The diameter of the swollen egg is 1.6 mm. Eggs left on aquatic plants are opened in 3-4 
days (60-70 days x degree). The length of the larvae after hatching is 5 mm. After staying attached 1-3 
days they rise to the surface of the water, fill the swimming sac with air and start swimming and 
taking bait. They start feeding with plankton (algae, rotifers, and small crustaceans) and after 18 mm 
length start consuming benthic organisms (Çelikkale, 1988). 

Growth is variable with local conditions. In south-eastern Europe (where conditions are optimum) an 
average length of 51-61 cm a weight of 1.8-4.5 kg is attained; in northern Europe it is rather less. A 
maximum weight of 32 kg is recorded. 

The carp is very popular as a food-fish in Europe (and elsewhere) (Figure 2), and is well suited for 
cultured in fish farms; carp farming is now a considerable industry. Carp is also a popular anglers' fish 
and many waters are stocked with large fish. Owing to its popularity as a food or sporting fish. The 
total catch reported for this species to FAO for 1999 was 75235 t. The countries with the largest 
catches were Turkey (17797 t) and Thailand (14000 t). In 2009 Romania performed between 2000-
5000 tons of carp from aquaculture (Figure 3). 
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Figure 2. Global capture and Aquaculture Production of carp (Source: FAO FishStat) 

 

Figure 3 Aquaculture production of carp in EU (Source: Eurostat) 

2.1.2. Hypophthalmichthys molitrix - silver carp 

Body is laterally compressed and deep. Ventral fin is extending from isthmus to anus. Head large, eye 
small, located on the ventral side of head. Gill rakers are sponge-like. Dorsal fin with 8 rays; no 
adipose fin. Anal fin with 13 to 15 rays. Lateral line with 83 to 125 scales. Distributed in the Tone 
River, Manchuria and Mongolia, Canton, Fuchow, China, and Hanoi in Vietnam (Figure 4). Introduced 
to other parts of the world. 

  

Figure 4 Silver carp species (Otel 2007) and distribution (Source: FAO FishStat) 

Requires standing or slow-flowing conditions such as in impoundments or the backwaters of large 
rivers. Feeds on phytoplankton. 
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In its natural range, it migrates upstream to breed; eggs and larvae float downstream to floodplain 
zones. An active species are well known for its habit of leaping clear of the water when disturbed. It 
swims just beneath the water surface. 

Size attains to 100 cm; max. Weight 50 kg. Utilized fresh for human consumption and also introduced 
to many countries where its ability to clean reservoirs and other waters of clogging algae is 
appreciated even more than its food value. The total catch reported for this species to FAO for 1999 
was 18103 t (Figure 5). The countries with the largest catches were Iran (Islamic Rep. of) (14400 t) 
and Romania (1308 t). 

  

Figure 5 Global capture and Aquaculture Production of Silver carp (Source: FAO FishStat) 

2.1.3. Hypophthalmichthys nobilis ς bighead carp 

Freshwater; brackish; benthopelagic; potamodromous; depth range 0 ς 1.5 m.   Temperate; 1°C - 
38°C; 34°N - 21°N, 101°E - 123°E. 

Distribution ς Asia (Figure 6): China. Introduced to numerous countries and has achieved a near 
global distribution. However, its breeding requirements are very specialized and stocks are 
maintained by artificial reproduction or continuous importation. Several countries report adverse 
ecological impact after introduction. Often confused with Hypophthalmichthys molitrix. 

 

Figure 6. Bighead Carp species (Otel 2007) and distribution (Source: FAO FishStat) 
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In its natural environment, it occurs in rivers with marked water-level fluctuations, overwinters in 
middle and lower stretches. Forages in shallow (0.5-1.5 m deep) and warm (over 24°C) 
backwaters, lakes and flooded areas with slow current. Feeds on zooplankton throughout its life 
under natural conditions. Breeds in very deep, very turbid and warm water above 18°C (usually 
22-30°C), with high current (1.1-1.9 m/s) and high oxygen concentrations. Stocked to large rivers 
and almost all still water bodies as lakes and ponds. In aquaculture, adults can survive brackish 
water (up to 7 ppt) when released into estuaries and coastal lakes. Feeds mainly on zooplankton, 
but also takes algae as food. Bottom feeding fish. Undertakes long distance upriver migration at 
start of a rapid flood and water-level increase (in April-July depending on locality). Spawns in 
upper water layer or even at surface during floods. Spawning ceases if conditions change and 
resumes again when water level increases. After spawning, adults migrate for foraging habitats, 
Larvae drift downstream and settle in floodplain lakes, shallow shores and backwaters with little 
or no current. During autumn-winter, when temperature drops to 10°C, juveniles and adults form 
separate large schools and migrate downstream to deeper places in main course of river to 
overwinter. 

2.1.4. Ctenopharyngodon idella ς grass carp 

Body laterally compressed and deep. Ventral keel extending from isthmus to anus. Head large. Eye 
small, on the ventral side of head. Gillrakers sponge-like. Dorsal fin with 10-11 rays; no adipose fin. 
Anal fin with 10 to 14 rays. Lateral line with 38 to 54 scales. Distributed in the Tone River, Manchuria 
and Mongolia, Canton, Fuchow, China, Hanoi (Vietnam) (Figure 1.7). Introduced to other parts of the 
world (Figure 7). 

Requires standing or slow-flowing conditions such as in impoundments or the backwaters of large 
rivers. Feeds on macrophytes. 

 

Figure 7. Grass Carp species (Otel 2007) and distribution (Source: FAO FishStat) 
Habitat and Biology 

Size attains to 150 cm; max. Weight 45 kg. Utilized fresh for human consumption and also introduced 
to many countries where its ability to clean reservoirs and other waters of vegetation is appreciated 
even more than its food value. 
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White (Hypophthalmihthus molitrix Val.), bighead (Aristichthys nobilis) and grass carp 
(˿ǘŜƴƻǇƘŀǊȅƴƎƻŘƻƴ ǎŘŜƭƭŀ) belong to herbivorous species of fish. These species come from the Far 
East in the Amur River basin, acclimatized in our reservoirs. 

Silver carp - large pelagic freshwater fish, whose mass reaches 16 kg, length 1 m. 

White carp - feeds on polycyclic microscopic algae - phytoplankton and detritus. The white carp is not 
a competitor to the carp in the field of nutrition, on the contrary there is a mutual positive effect on 
their mutual cultivation. 

The bighead carp is a partially herbivorous species, along with phytoplankton and detritus it also 
feeds on zooplankton. With significant exceedance of the planting norms can be a food competition 
carp. 

Grass carp ς large freshwater fish, up to 32 kg, 122 cm long. It feeds on higher aquatic vegetation. In 
case of insufficient amount of vegetation it can go to compound feed. 

All herbivorous fish are biological ameliorators, fast-growing but more thermophilic than carp. It is 
recommended to grow herbivorous fish in combination with carp. 

2.1.5. Sparus aurata - Gilthead seabream 

The gilthead sea bream is farmed today on a large scale. It is found widely throughout the 
Mediterranean but also along the coasts of the eastern Atlantic, from the United Kingdom to the 
Canary Islands. It is a temperate fish, ie it can withstand large changes in salinity and water 
temperature.  

So, it can live both in the open sea and in estuaries and lagoons. In addition to the sandy bottoms and 
meadows of posidonia, where it easily finds its food, gilthead sea bream is also found on rocky 
bottoms bordering the aforementioned ecosystems while it has also been found in underwater caves.  

During the spawning season (October to December) adult fish move into deeper waters, so then the 
younger ones will migrate to coastal waters or river estuaries in early spring. This species is 
hermaphroditic, maturing as a male during the first or second year of life and then as a female during 
the second or third year. It is carnivorous and feeds on bivalve mollusks (eg mussels), worms, 
gastropods, crustaceans, etc. ds). It has the ability to be more easily settled in lakes and lagoons. This 
happened at Lake Vistonida, where in the late 1980s, when the lake's salinity increased due to 
declining freshwater and many freshwater species receded into its northern part, smelt settled in the 
southern part of the lake, creating large populations. Today, it is the most important species in the 
lake that exceeds the 50% of the total production. It should be noted that the smelt is caught in 
lagoons and is neither farmed nor reproduced.  

2.1.6. Huso huso ς Beluga 

The beluga is a diadromous species that inhabits the Black, Azov, Caspian, and Adriatic Seas. It is 
more numerous in the Caspian Sea and very rare in the Adriatic Sea (Figure 8). 

Spiracle present. Snout moderate and pointed, turning slightly upward. Gill membranes joined to one 
another to form a fold free from the isthmus. Mouth crescentic. Lower lip not continuous, 
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interrupted at centre. Barbels oval or flat, leaf-like posteriorly reaching almost the mouth. 17-36 rod-
shaped gill rakers. D: 48-81; A:22-41 rays. 9-17 dorsal scutes; 37-53 lateral scutes and 7-14 ventral 
scutes. Dorsal scutes oval, with a longitudinal denticulate comb. First dorsal scute is the smallest. 
Lateral scutes smooth. Ventral scutes hidden beneath the skin. There are numerous small bony plates 
between the scute rows. Back ashen gray or black, gradually transitioning to white toward the 
underside. Belly white, and the snout is yellowish. 

 

Figure 8. Beluga species and distribution (Otel 2007) 

During the period of marine life, the adults mainly inhabit the pelagic zone descending at depths of 
160-180 m. During both the seaward and the spawning migration, the beluga usually travels in the 
deepest parts of the riverbed. Juveniles during the first year of life remain in warmer, shallow 
habitats. The main food of juveniles appears to be insect larvae, especially of Ephemeroptera, 
crustaceans (gammarids, mysids, copepods, and cladocerans). Beluga begins preying on fishes, at a 
very early age (with a length of 24 cm in the lower Danube). Preferent prey items are Alosa spp., 
anchovy, cyprinids (Cyprinus, Leuciscus, Scardinius, and Aspius). Marine fishes, such as bonito, horse 
mackerel and sprat are important in it diet between May and September, when the beluga are 
congregating near the coast prior to entering rivers; during the autumn and winter they descent into 
deep regions of the sea and feeds mainly on red mullet, whiting, flounder and anchovy.  

First sexual maturity is reached by the great sturgeon very late. Most males of the Volga population 
mature at 14-16 years; most females reach this stage at 19-22 years. Subsequent spawning 
apparently begins at least 5 years later. The great sturgeon spawns far upstream in all rivers. 
Spawning period usually coincides with a high water period in spring and begins at a water 
temperature of 6° to 7 0 °C, and it ceased when the temperature reaches 21°C. The spawning sites 
are usually in the river bed, at a depth of 4 to 15 m, with a hard, stony or gravelly bottom; the 
hatchlings at an early age travel to the sea. 

Maximum size: about 6 m and a weight exceeding 1000 kg (Berg, 1948). Length of 8 m and weight of 
3200 kg have been reported, but they raise doubts. Usually 120-260 cm and to 363 kg. 

The beluga was one of the important commercial freshwater fish (Figure 9). The great stocks of the 
species are concentrated in the Caspian region, but as a result of the presence of dams along the 
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rivers, the natural reproduction of this species in the Caspian watershed has been reduced to a 
minimum. At present time, the size of the population is being maintained by stocking with cultured 
fishes (Pirogorskii et al., 1989). Bester, a hybrid of female Huso huso and male sterlet Acipenser 
ruthenus, has been successfully cultivated for its high-quality eggs. 

Actual commercial fishing is prohibited in Romania since 2006 (Figure 9). 

  

Figure 9. Global capture and Aquaculture Production of Beluga (Source: FAO FishStat) 

2.1.7. Acipenser gueldenstaedtii ς Russian sturgeon  

Spiracle present. Snout short and blunt. Gill membranes joined the isthmus. Mouth transverse and 
lower lip with a split in the middle. The barbels are attached closer to the tip of snout than to the 
mouth and they are non-fimbriated. 15-51 gill rakers, which are not fan-shaped, terminated by a 
single tip. D: 27-51; A: 18-33 rays. 8-18 dorsal scutes; 24-50 lateral scutes and 6-13 ventral scutes. 
Between the rows of scutes there are numerous bony plates. The colouration is greyish black, dirty 
green, or dark green dorsally. Laterally, it is usually greyish brown, and ventrally, grey or lemon. The 
juveniles are blue dorsally and white ventrally. 

In the sea, the Russian sturgeon (Figures 10 and 11) inhabits shallow waters of the continental shelf; 
in the rivers it remains at depths from 2 to 30 m.  

  

Figure 10. Russian sturgeon species (Otel 2007) and distribution (Source: FAO FishStat) 

The larvae are found at considerable depths and in rapid currents. Besides the main diadromous 
form, a freshwater form that does not migrate downstream to the sea has been reported from 
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various rivers. The Russian sturgeon is a bottom-dwelling mollusk-feeder (Corbulomya, Abra, 
Cardium, Nassa). They also readily consume crustaceans (shrimps and crabs) fishes (Engraulis 
encrasicolus, Sprattus sprattus and gobiids) and polychaetes. The main food items of juveniles are 
crustaceans, including mysids and corophiids, and polychaetes. 

The great majority of the males begin to reproduce at an age of 11 to 13 years, while the equivalent 
age for the females is 12 to 16 years. In the Volga River, the males require two to three years to 
reproduce again after spawning, while the females take four to five years. Usually, the spawning run 
of this species into the rivers begins in early spring, reaches its peak in mid to late summer and ceases 
in late autumn. In the Volga River the spawning period extends from mid-May through early June. 
The spawning sites are gravel or stony beds at depths from 4 to 25 m. Spawning at water 
temperatures between 8.9º C and 12º C. 

 

Figure 11. Global capture and Aquaculture Production of Russian sturgeon (Source: FAO FishStat) 

Actual commercial fishing has been prohibited in the Black Sea since 2006. 

2.1.8. Acipenser stellatus ς Stellate sturgeon 

Spiracle present. Snout greatly elongated and sword-shaped, usually more than 60 % of the head 
length. Gill membranes joined the isthmus. Mouth transverse and lower lip with a split in the middle. 
The barbels are short and no fimbriate, not reaching the mouth but nearer to it than to the tip of 
snout.  D: 40-54; A: 22-35 fin rays.  9-16 dorsal scutes; 26-43 lateral scutes; 9-14 ventral scutes. The 
dorsal scutes have radial stripes and strongly developed spines with the tips directed caudal. 
Between the rows of scutes, the body is covered by star plates.  The body coloration is blackish-
brown dorsally and laterally. The belly is light, and the ventral scutes are dirty white colored. During 
the daytime they are often encountered in the upper layer, while at night, they are generally found at 
the bottom. The starry sturgeon (Figures 12 and 13) inhabits the coastal sea waters (at depths from 
100 to 300 m in the Caspian and Black Sea) over clayey or sandy and clayey sediments, and the 
lowland section of rivers. Feeding habits vary with size, season and specific features of the water 
bodies (rivers or sea). 
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Figure 12 Stellate sturgeon species (Otel 2007) and distribution (Source: FAO FishStat) 

The younger individuals feed primarily on crustaceans, while fishes (Gobiidae, Caspialosa and 
Clupeonella) become more important in the diet as the grey older. Also molluscs, Polychaeta and 
other invertebrates. Sexual maturity is reached by males at an age of five or six years. Females 
mature with an average age of 9.7 years and rarely spawn more than three times in their lives. Enters 
rivers from April to June with a peak period when the water temperature reaches 10º to 15ºC. Eggs 
laid on beds of scattered stones, pebbles, gravel and sand. The juveniles stay near the mouth of 
rivers. Its population is supported by artificial propagation.  Spawn from May to September at a water 
temperature of 12º to 29ºC.  

 

Figure 13. Global capture and Aquaculture Production of Stellate sturgeon (Source: FAO FishStat) 

Actual commercial fishing has been prohibited in the Black Sea since 2006. 

2.1.9. Sander lucioperca ς pike-perch 

Two dorsal fins, the first spiny and separated by a narrow interspace from the second. 

Native to Eastern Europe (from Netherland to Caspian Sea) (Figure 14), but has been introduced to 
the Rhine catchment and to England. It is now widespread in France and Western Europe, and is 
rapidly extending its range in eastern and central England. Inhabits rivers. Feeds regularly on fishes, 
also insects and crustaceans. This species has depleted stocks of native fish in some areas where it 
has been introduced for angling. Spawn between April to June over sandy or stony bottoms, or 
among the roots of larger aquatic plants, being earlier in lower latitudes. 

http://www.fao.org/fi/website/FIRetrieveAction.do?dom=species&fid=2101
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Figure 14 Pike-perch species (Otel 2007) and distribution (Source: FAO FishStat) 

Valuable sporting fish, and in inland Europe an important food-fish (Figure 15). Here considerable 
effort is made to increase the stock in fish farms. The total catch reported for this species to FAO for 
1999 was 17 892 t. The countries with the largest catches were Russian Federation (3644 t) and 
Kazakhstan (3250 t). 

  

Figure 15. Global capture and Aquaculture Production of Pike-perch (Source: FAO FishStat) 

2.1.10 Oncorhynchus mykiss - Rainbow trout  

Actinopterygii (ray-finned fishes) > Salmoniformes (Salmons) > Salmonidae (Salmonids) > Salmonidae 

Marine; freshwater; brackish; benthopelagic; anadromous; depth range 0 ς 200 m.   Subtropical; 10°C 
- 24°C; 67°N - 32°N, 135°E - 117°W. 

The original homeland of rainbow trout (Figure 1) is the Pacific of North America, rivers and lakes in 
the region, especially the mountainous rivers of California; Mc- Cloud-River hosts this species. Later it 
was carried to the other parts of North America for enhancement and in 1880 it was taken to Europe 
and then to other continents. Farming trials showed that it grows faster than the others and more 
suitable for farming letting more earnings. Despite years of effort, reinforcement from artificial 
production stocks only a few rainbow trout races can naturally fertilize and survive in nature forming 
populationsInhabit clear, cold headwaters, creeks, small to large rivers, lakes, and intertidal areas.  

Anadromous in coastal streams. Stocked in almost all water bodies as lakes, rivers and streams, 
usually not stocked in water reaching summer temperatures above 25°C or ponds with very low 
oxygen concentrations. Feed on a variety of aquatic and terrestrial invertebrates and small fishes. At 

https://www.fishbase.se/summary/OrdersSummary.php?order=Salmoniformes
https://www.fishbase.se/summary/FamilySummary.php?ID=76
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the sea, they prey on fish and cephalopods. Mature individuals undertake short spawning migrations. 
Anadromous and lake forms may migrate long distances to spawning streams. Utilized fresh, smoked, 
canned, and frozen; eaten steamed, fried, broiled, boiled, microwaved and baked. Cultured in many 
countries and is often hatched and stocked into rivers and lakes, especially to attract recreational 
fishers (Figures 16, 17 and 18). 

The rainbow trout (Oncorhynchus mykiss), so named because of the many iridescent spots on its skin, 
is one of the main species raised in freshwater. Rainbow trout is now farmed in almost all European 
countries.  

  

Figure 16 Rainbow trout and distribution (Source: Fish Base) 

 

Figure 17. Rainbow trout 
 

Rainbow trout is a freshwater fish with a fairly satisfactory level of adaptability to brackish-marine 
waters. It is resistant to a wide variety of habitats and management modes.  

Cultivation with intensive selection caused the formation of different colored varieties; however, it 
did not lose its characteristic rainbow coloring. This coloration is mainly pink-red band in the middle 
part of the body and extends to the tail root. There are prominent black spots on the head, body, 
back and tail fins. The males are darker and have a hook-shaped lower jaw in the reproductive 
period, especially in older individuals. The long upper jaw extends further back from the posterior 
edge of the eye. 

The species can withstand huge temperature fluctuations (0-27 ° C), but spawning and growth occur 
in a narrower range (9-14 ° C). The optimum water temperature for its breeding is below 21 ° C. Its 
growth and maturation are affected by water temperature and food. In optimal breeding conditions, 
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trout usually matures in 3-4 years. It is carnivorous and needs a diet rich in protein. In the proper 
environment, a trout can reach 350 grams in 10 to 12 months. 

Naturally, the larvae of aquatic insects feed on zooplankton, mollusk and small fish. 

They reach sexual maturity at the age of 2-3. They live 5 or 10 years in nature, but in exceptional 
cases it has been observed that they live 18 years and more. It is generally reported that they are 
between 1-5 kg and reach a maximum weight of 24 kg and a length of 120 cm. Reproduction (artificial 
milking and fertilization) takes place between October and April in European conditions. As a result of 
genetic studies, the reproductive period was spread throughout the year. However, it is reported that 
fish in the southern hemisphere lay eggs with a six-month time difference from the northern 
hemisphere, since photoperiod difference is observed. Fecundity varies between 1500-3000 eggs per 
kg live weight, and suitable water temperature for spawning is 7-12 oC. In their original habitat 
spawning occurs in shallow parts of the river, and eggs are laid in nests dug into the riverbed by the 
female. The hatching time of the larvae is 30-32 days at an average of 10 °C. For aquaculture, the 
ideal water temperature in the larvae and juvenile periods is 8-13 oC and 12-18 oC in the fingerling 
and on-growing stage. Rainbow trout can withstand temperatures 24 oC and above for a short time, 
they survive at 20-22 oC. However, the optimum feeding temperature is between 15-20 oC. Salinity 
ǊŜǎƛǎǘŀƴŎŜ ƻŦ ǘǊƻǳǘ ƛƴŎǊŜŀǎŜǎ ŀǎ ǘƘŜ ŦƛǎƘ ƎǊƻǿΦ {ŀƭƛƴƛǘȅ ǾŀƭǳŜ ǊƛǎƛƴƎ ŦǊƻƳ ҉ о ǘƻ ҉ с Ƙŀǎ ŀ ǇƻǎƛǘƛǾŜ 
ŜŦŦŜŎǘ ƻƴ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ŦǊȅ ƛƴ лΦр ƎΦ ±ŀƭǳŜǎ ōŜǘǿŜŜƴ ҉м2-15 may adversely affect those weighing 5 
ƎΦ Lƴ ŦƛǎƘ ǿŜƛƎƘƛƴƎ рл ƎΣ ǎŀƭƛƴƛǘȅ ǾŀƭǳŜǎ ōŜǘǿŜŜƴ ҉мн-15 have a positive effect 70% on development 
ŎƻƳǇŀǊŜŘ ǘƻ ҉л-мΦ Lǘ ƛǎ ǇƻǎǎƛōƭŜ ǘƻ ƎǊƻǿ ƛƴ ǘƘŜ ǎŜŀ ǿŀǘŜǊ ǿƛǘƘ ǘƘŜ ǎŀƭƛƴƛǘȅ ҉ ол ŦǊƻƳ ŦƛƴƎŜǊƭƛƴƎ ǘƻ 
edible size.  

 

Figure 18. Aquaculture Production of trout in EU (Source: Eurostat) 

2.1.11. Salmo labrax ς Black Sea salmon/trout 

The Black Sea trout (Salmo labrax) is a member of the Salmonidae family and can be distinguished 
from other subspecies by the presence of a distinct black spot on the gill cover, the presence of 
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irregular black spots on their bodies and the presence of distinct white rings around the red spots 
(Figure 19). 

They spend most of their lives in the sea, where they grow and thrive. They migrate to freshwaters 
during reproduction periods. They can reach up to 100 cm in length and weight up to 26 kg in the 
Black Sea. The characteristic feature is that the parents return to the waters where they lay eggs.  

 
 

           Figure 19. Black Sea trout (Salmo labrax) 

It reaches sexual maturity between the ages of 2-4. Spawning period of the sea ecotype starts in 
November-December and continues until the end of February. For spawning, they usually prefer 
pebbly places and lateral branches at the beginning of the water supply. In the Black Sea trout, 
spawning continues till the end of October with the temperature between 8 and 10°C. 80% of 
females lay eggs in November. Fecundity is 2000ς3000 eggs per kilogram and Because of their 
reproductive characteristics these ecotypes migrate between sea and fresh water. In the autumn 
months, they enter the fresh water flowing into the Black Sea and lay their eggs in the nests they 
open between the sand or gravel. Hatchlings stay in fresh water for a year and then migrate to the 
sea. They lay their eggs on a suitable ground at a depth of 20-25 cm. Egg diameter is between 4.8ς7.2 
mm, hatching of the larvae begins after 60-80 days at 5ς7 ° C and the fry appear in April. The period 
from egg to free swimming can be more than 2 months. 

Fecundity varies between 1500-2000 eggs per 1 kg live weight and the suitable water temperature 
for spawning is 8-10 °C. Egg size is 5-6 mm. The length of larvae hatching is 13-15 mm. The larvae eat 
their food sacs in 3-4 weeks and reach up to 25-30 mm. 

It has been farmed for the last 20 years and there is also the production of fry for fertilization of 
natural stocks. 

While the young individuals of this ecotype have many black and red spots scattered on both sides of 
their bodies while in fresh water, these colour disappear after migration to the seas and the fish takes 
on a silvery colour. 

The food of smolts in stream mouths and seas are mainly insects. They prefer to consume anchovy, 
other small fish species and crustacea in the seas, intensely aquatic insects and some animal detritus 
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in lakes and rivers. At the end of the first growing period, juveniles in rivers reach 9.5ς16.5 cm in 
length and 13ς50 g in weight. They reach 16-36 cm in their 2nd age and 42.5-57.0 cm in their 3rd age. 

Black Sea trout is an anadromous species and is found in many streams in Northern and North-
eastern Anatolia in Turkey. It is available on the entire Black Sea coast via Georgia, the Caucasus, the 
Crimea, the Sea of Azov, Romania and Bulgaria. Its distribution area starts from 40 km east of 
{ǳǊƳŜƴŜΣ ¢ǊŀōȊƻƴ ŀƴŘ ǊŜŀŎƘŜǎ ǘƘŜ DŜƻǊƎƛŀƴ ōƻǊŘŜǊ ǘƘǊƻǳƎƘ /ƻǊǳƘ wƛǾŜǊΦ CƤǊǘƤƴŀΣ 4ŀƐƭŀȅŀƴΣ 4ƻǊǳƘΣ 
YŀǇƛǎǘǊŜΣ CƤƴŘƤƪƭƤΣ ¢ŀǒƭƤŘŜǊŜΣ TȅƛŘŜǊŜΣ .ŀƭǘŀŎƤ ŀƴŘ {ƻƭŀƪƭƤ ŀǊŜ ƛƳǇƻǊǘŀƴǘ ǊƛǾŜǊǎ ƛƴƘŀōƛǘŜŘ S. labrax (Figure 
20). 

  

Figure 20. Natural distributƛƻƴ ŀǊŜŀ ƻŦ .ƭŀŎƪ {Ŝŀ ǘǊƻǳǘ ƛƴ ǘƘŜ .ƭŀŎƪ {Ŝŀ wŜƎƛƻƴ ƻŦ ¢ǳǊƪŜȅ όYƻŎŀōŀǒΣ 
2005) 

2.1.12. Scophthalmus maeoticus - Turbot / Black Sea brill  

Actinopterygii (ray-finned fishes)> Pleuronectiformes (Flatfishes)> Scophthalmidae (Turbots) 

Marine species; demersal; depth range 10 - 150 m.   Temperate; 47°N - 41°N, 27°E - 42°E 

Distribution: Europe ς Black Sea (Figure 21). 

Short description: Bony tubercles generally developed on both sides which are always larger than 

eye. 

 
Figure 21. Turbot species and distribution (Source: Fish Base) 

https://www.fishbase.se/summary/OrdersSummary.php?order=Pleuronectiformes
https://www.fishbase.se/summary/FamilySummary.php?ID=515
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Brill Psetta maeotica Pallas, is one of the most valuable commercial fish in the Black Sea. Spawning of 

the turbot begins in April-May at a temperature of 7-10oC, and ends in July-August. Reproduction 

occurs at a distance from the shores in conditions of stable salt and temperature conditions.  

The absolute fertility of a turbot varies from 2.5 to 14 million eggs. The spawning stock is dominated 

by spawning fish. Mature males weigh 0.8-1.3 kg, females over 1.5 kg. In April-May, the turbot fits 

shallows for foraging and spawning, wintering at depths of 100-120 m. Under natural conditions, no 

more than 1% of embryos survive so despite the fact that a number of restrictions were imposed on 

the Black Sea countries, and since 1986.  

2.1.13. Mytilus galloprovincialis ς Black mussel 

Mussels are found in a wide variety of habitats, from tidal areas to fully submerged zones, with a 
broad range of temperature and salinity (Figure 22 and 23). They feed on phytoplankton and organic 
matter by constantly filtering the sea water and are therefore always farmed in areas that are rich in 
plankton.  

 

 

Figure 22. Black mussel species and Aquaculture Production of mussel in EU (Source:Eurostat) 

 

 

Figure 23. Production of mussel species in EU (Source: Eurostat) 
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Water quality is a very important factor for mussel rearing. Specific features of mussels are their high 
fecundity and a mobile larval phase, allowing for widespread distribution. Usually between March 
and October, depending on the latitude, mussels produce larvae that are carried by currents. In less 
than 72 hours, the larvae fatten and develop to a stage where they can no longer float. They then 
settle, attaching themselves to various substrates. 

2.1.14. Crassostrea gigas, C. angulata, Ostrea edulis - Oysters  

Nowadays, farming the endemic Ostrea edulis is very limited in Europe. Excessive exploitation and 
disease have led to the depletion of its reserves. The Japanese oyster (Crassostrea gigas), which is 
native to Japan, was brought to Europe in the 1970s. Thanks to its rapid growth and adaptability to 
different environments, Japanese oyster is currently the most widespread type of oyster farmed 
worldwide, including Europe. This species is currently subject to significant mortality rates in several 
Member States. It began breeding in nature in the northern EU member states- never bred in the 
past- a fact that has led to its extensive deposition in some coastal areas. Oysters are hermaphroditic 
and change sex during their growth, by maturing first as males and then conclude as females. 
Reproduction depends on the temperature and the salinity of the water.   

Prior to their deposition, the offspring spend some time in the seabed and are widely distributed 
through the water currents. Then they change their shape, acquiring the young form of the two-door 
shell shown above. Oysters are fed by filtering the water.   

2.1.15. Mugil cephalus - Flathead grey mullet  

The flathead grey mullet is found in almost all tropical and subtropical regions of the world. It is a 
sedimentary species, often found along river estuaries and freshwater and is breed in the sea. It can 
stand from 4-3н /Φ !Řǳƭǘǎ ŦƛǎƘ ƘŀǾŜ ōŜŜƴ ŦƻǳƴŘ ƛƴ ǿŀǘŜǊǎ ǊŀƴƎƛƴƎ ŦǊƻƳ ȊŜǊƻ ǎŀƭƛƴƛǘȅ ǘƻ тр ҉Σ ǿƘƛƭŜ 
young individuals can withstand such a wide scale of salinity when they have reached a length of 4-7 
cm.  

Adults live in schools mainly in shallow waters, with sandy or muddy bottoms and dense vegetation 
and migrate to the open sea to give birth. The larvae move along the coast in extremely shallow 
waters, which provide cover for predators as they are a rich food for predators. After reaching 5 cm 
in length, the young gradually move to slightly deeper waters. The breeding season is from July to 
October. In optimal conditions, the carp matures in 2-3 years. And it is an omnivorous species as it 
feeds on zooplankton, dead plant and organic matter, and also filters sandy sediments. 

2.1.16. Dicentrarchus labrax - Seabass 

Sea bass is a valuable fish species of economic importance in Greece, Turkey and other 
Mediterranean countries. It is a type that is very popular and accepted as a luxury product. It is also 
preferred in sport fishing. The decrease in natural stocks due to reasons such as overfishing and 
environmental pollution has led to the initiation of studies on farming. The first activities started in 
1905. Commercial production of sea bass in countries such as Italy and France coincides with the 
1970s (especially 1976-78). The scientific and commercial studies on the sea bass in Turkey gained 
momentum after 1985. At present sea bass farming has been widely carried out in France, Italy, 
Spain, Greece, Portugal, Turkey and Tunisia. 
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Sea bass is naturally distributed between 30ºN (North Africa) and 50ºN (Ireland, North Sea and Baltic 
Sea) latitudes along the Mediterranean, Aegean (even Marmara and Black Sea) and East Atlantic 
beaches (Figure 24). It is also carnivorous and demersals fish. Sea bass has a fusiform body shape, but 
the body is flattened from the sides and covered with large ctenoid scales. Cycloid scales are found 
on the head and cheeks. The nose part is without scales. There are 65-80 scales on linea lateralis. The 
number of spines on the first gill arch varies between18-27. There is a certain distance between the 
dorsal fins. The dorsal fin has 8 or 10 hard rays, the second dorsal fin has 1 hard and 14 soft rays. The 
anal fin has 3 spines, 10 or 12 soft rays. 

 

Figure 24. Sea bass (Dicentrarchus labrax) (A); natural distribution areas (B) (www.fishbase.org) 

The mouth is big and the vomer has half-moon-shaped teeth. There are spiny protrusions on the 
operculum and pre-operculum. The edge of the gill covers is very sharp and hard. The colour is dark 
lead on the back, silvery on the sides, and white on the abdomen. The back of the adults is dark with 
no spots and sometimes with black spots in the youth. There is a blackish spot on the upper part of 
the operculum. There are also black spots on the eye bone. The prominence of black spots on the 
body decreases as the fish age. In female fish, the nose is wider and the bodies are wider. Males, on 
the other hand, are thin, long-bodied and slightly smaller than females. The mouth is wide; there are 
teeth on the palate and tongue. 

Sea bass live in coastal shallow waters. It is also seen in brackish lagoons and river mouths. It usually 
lives alone. After the end of summer, they migrate to the beaches and rivers. 
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It is a species of eurythermal and euryhaline. Environmental tolerances to temperature and salinity 
from the environmental factors are as follows: They live at temperatures between 2-32ºC (usually 5-
28ºC). The optimum growth temperature is 22-24ºC, and the temperature at which the growth stops 
is 7-10ºC. While the upper lethal limit is 34ºC, the lower lethal limit is around 1ºC. If they prefer 12-
14ºC water temperature in the spawning period, it is observed that they lay eggs at 10-25oC water 
temperatures. 

They are also very tolerant against salinity changes. Although they can survive even in freshwater and 
ƻǾŜǊƭȅ ǎŀƭǘȅ ōǊŀƴŎƘŜǎΣ ǘƘŜȅ ƎŜƴŜǊŀƭƭȅ ŘƛǎǘǊƛōǳǘŜŘ ōŜǘǿŜŜƴ ҉ о-35 salinity. 

Although the preferred oxygen level is 7-8 mg/lt, the oxygen level should not be less than 4.5 mg/lt 
for a comfortable life. They can live at a level of 2 mg/lt O2 for a temporary period. They like to live in 
wavy waters. They do not like too turbid and dirty water. 

They show uniform distribution on sand, rocky and grass-covered sea beds. Although they can dig 
tunnels in areas with loose floors, they are less common in muddy areas. They are found in turbid 
river mouths, sandy beaches and dirty port areas. Embryos are more sensitive than larvae and larvae 
are more sensitive than juveniles. Sea bass shows low sensitivity to relatively low rates of pollution 
such as hydrocarbon and insecticide. High turbidity causes irritation of the gills. Fuzzy watery areas 
should not be considered for sea bass cultivation. It is believed that light intensity does not have a 
significant effect on the distribution of the perch. 

 A variety of zooplankton and crustaceans (such as Amphipoda like Gammarus, shrimps like Crangon), 
Idothea and Ligia are the feed of the sea bass, in line with their predatory and carnivorous features. 
Adults prefer fish such as sardines, Cephalopodas like Sepia and Loligo, crustaceans such as 
Palaemon, Carcinus and Portunus, and bivalve mollusks such as mussels and scallops. 

The life of sea bass is quite long. They can reach a weight of 15 kg (an average of 1.5-6.0 kg) and 1 m 
ƻŦ ƭŜƴƎǘƘ όŀƴ ŀǾŜǊŀƎŜ ƻŦ лΦр ƳύΦ ¢ƘŜ ƻƴŜǎ ǎƳŀƭƭŜǊ ǘƘŀƴ м ƪƎ ŀǊŜ ƭƻŎŀƭƭȅ ŎŀƭƭŜŘ άƛǎǇŜƴŘŜƪέΣ ǘƘŜ ƻƴŜǎ 
between 1.0-мΦр ƪƎ ŀǊŜ ŎŀƭƭŜŘ άǇŀƭŀȊ-ȅƻǳƴƎǎǘŜǊέ ŀƴŘ ǘƘŜ ƻƴŜǎ ƭŀǊƎŜǊ ǘƘŀƴ мΦр ƪƎ ŀǊŜ ŎŀƭƭŜŘ ǎŜŀ ōŀǎǎΦ 

Males grow slower than females and develop more rapidly than those living in warmer regions. In the 
temperate seas, the growth in the first age group is quite fast and they reach up to 250-350 gr. With 
the determination of gender characters from the second age, some of the energy received is spent on 
the development of gonad and the growth rate decreases. 

Sea bass are heterosexual. There is no hermaphroditism as it is seen especially in sea bream. They 
reproduce once a year in the same season. Although males and females are very similar by 
morphology, they also have some distinctive features as gonads located on the back of the abdomen 
of the body opens out with genital opening in males and with a genital protrusion in females. 
Immature individuals, these two structures are not developed. In addition, as a result of a pressure 
on the abdomen of individuals who have reached sexual maturity in the reproductive period, it is 
possible to determine the sex by sperm in males and the outflow of eggs in females. 

Size and age of sexual maturity vary between locations. For instance in Mediterranean and Aegean 
Sea sexual maturity of males is 2-3 years, 25-30 cm length, females 3-5 years, 30-40 cm length, but in 
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the Atlantic Ocean males attain sexual maturity at 4-7 years, 32-37 cm in length; females 5-8 years, 
38-42 cm in length. 

Testis and ovaries are very different from each other in the reproductive period in adult individuals. 
Ovaries are cylindrical and pinkish or orange in this period. Testis has a triangular structure and their 
colors are white. 

Eggs are spherical and pelagic, in the size of 1.0- 1.40 mm (average 1.15-1.16 mm). The diameter of 
the oil drop is 0.33- 0.36 mm. The embryo has black pigments. Yellow pigments are then formed and 
are visible on the embryo, oil drop, and vitellus. Due to the large black pigments, the eggs of the 
species can be easily distinguished from the others. Their fecundity is very high: the relative fecundity 
varies between 500000-1000000 eggs per kg. 

In the Mediterranean and Aegean, the development of gonads begins in September and continues 
until December-January. As the water temperature drops to 12ºC, the number of individuals laying 
eggs increases. Spawning starts in December depending on the water temperature and continues 
until the beginning of March. On the Atlantic coast, spawning is 2-3 months later (in April) and 
spawning period is shorter. In general terms, they prefer the coldest months when the water 
temperature is between 12-14 0C as the spawning season. It was determined that the salinity rate 
was not very effective on ovulation time. Day length also has an effect on spawning, and they prefer 
the shortest and coldest months of the year to lay eggs. Sea bass living in the Mediterranean reach 
younger and younger sexual maturity than sea bass on the Atlantic coast. They lay eggs in river 
ƳƻǳǘƘǎΣ ƭŀƎƻƻƴǎ ƻǊ ƭƛǘǘƻǊŀƭ ȊƻƴŜ ǿƘŜǊŜ ǎŀƭƛƴƛǘȅ ƛǎ ƘƛƎƘ ό҉ ор-37). In the spawning period, females 
shed all their eggs within a few hours. 

2.1.17.  Tilapia 

Tilapia is the common name for nearly a hundred species of cichlid fish from the coelotilapine, 
coptodonine, heterotilapine, oreochromine, pelmatolapiine and tilapiine tribes (formerly all were in 
Tilapiini), with the economically most important species placed in Coptodonini and Oreochromini. 
Tilapia are mainly freshwater fish inhabiting shallow streams, ponds, rivers, and lakes, and less 
commonly found living in brackish water. Historically, they have been of major importance 
in artisanal fishing in Africa, and they are of increasing importance in aquaculture and aquaponics. 
Tilapia can become a harmful invasive species in new warm-water habitats such as Australia, whether 
deliberately or accidentally introduced, but generally not in temperate climates due to their inability 
to survive in cold water. 

The popularity of tilapia came about due to its low price, easy preparation, and mild taste.  

Tilapia typically has laterally compressed, deep bodies. Like other cichlids, their lower pharyngeal 
bones are fused into a single tooth-bearing structure. A complex set of muscles allows the upper and 
lower pharyngeal bones to be used as a second set of jaws for processing food (cf. morays), allowing 
a division of labor between the "true jaws" (mandibles) and the "pharyngeal jaws". This means they 
are efficient feeders that can capture and process a wide variety of food items. Their mouths are 
protrusible, usually bordered with wide and often swollen lips. The jaws have conical teeth. Typically, 

https://en.wikipedia.org/wiki/Brackish_water
https://en.wikipedia.org/wiki/Artisanal_fishing
https://en.wikipedia.org/wiki/Aquaculture_of_tilapia
https://en.wikipedia.org/wiki/Aquaponics
https://en.wikipedia.org/wiki/Invasive_species
https://en.wikipedia.org/wiki/Introduced_species
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tilapia have a long dorsal fin, and a lateral line which often breaks towards the end of the dorsal fin, 
and starts again two or three rows of scales below. Some Nile tilapia can grow as long as 60 cm. 

It has been used as biological controls for certain aquatic plant problems. They have a preference for 
a floating aquatic plant, duckweed (Lemna sp.) but also consume some filamentous algae. In Kenya, 
tilapia were introduced to control mosquitoes, which were causing malaria, because they 
consume mosquito larvae, consequently reducing the numbers of adult female mosquitoes, 
the vector of the disease. These benefits are, however, frequently outweighed by the negative 
aspects of tilapia as an invasive species.  

Tilapia is unable to survive in temperate climates because they require warm water. The pure strain 
of the blue tilapia, Oreochromis aureus, has the greatest cold tolerance and dies at 7 °C, while all 
other species of tilapia die at a range of 11 to 17 °C. As a result, they cannot invade temperate 
habitats and disrupt native ecologies in temperate zones; however, they have spread widely beyond 
their points of introduction in many fresh and brackish tropical and subtropical habitats, often 
disrupting native species significantly.  Because of this, tilapia is on the IUCN's 100 of the World's 
Worst Alien Invasive Species list.  

Other than their temperature sensitivity, tilapia exists in or can adapt to a very wide range of 
conditions. An extreme example is the Salton Sea, where tilapia introduced when the water was 
merely brackish now lives in salt concentrations so high that other marine fish cannot survive.  

Tilapia are also known to be a mouth-brooding species, which means they carry the fertilized eggs 
and young fish in their mouths for several days after the yolk sac is absorbed. 

2.1.18. Anguilla anguilla - Eel 

European eel is one of the most delicious and valuable fish species on the world market. Smoked 
pimple is one of the most delicious delicacies among delicatessen lovers. In addition to being very 
tasty, eel meat has "renewable" abilities, so fish of this species are in high demand in Asian countries, 
where a large variety of interesting animal species are consumed. In European countries, for a long 
time there has been a taboo on the use of acne because of its resemblance to a snake. This is what 
saved him from complete destruction in European countries. Now acne is listed in the Red Book, so it 
is better to grow it on special farms in recirculating aquaculture systems (RAS). Acne has a 
surprisingly complex breeding pattern associated with the passage of a very difficult metamorphosis 
from larvae to fry, so scientists are still struggling to grow acne in captivity. The caught eel larvae 
(glass eel) are placed in special conditions, where on artificial fodder fry reach 5-7 cm in size and can 
already be grown in the conditions of conventional RAS. 

2.1.19. Scortum barcoo/ Barcoo grunter- Jade perch 

Jade perch is a fish of the Terapontidae family, an endemic to Australia. It can be caught in most of 
the great rivers of the Green Continent, including the Barca River. It is this river that gave the name to 
this interesting fish. In nature omnivorous, hunts crustaceans, shellfish, insects, fish. It grows to 35 
cm, weighing up to 3 kg. The body is brownish green with black spots on the body. It is because of the 
greenish skin color of his perch and was called jade. The fish has a very large bony body and a small 
head. Currently, there is a real boom in the cultivation of this interesting fish. Fish are unpretentious 

https://en.wikipedia.org/wiki/Duckweed
https://en.wikipedia.org/wiki/Kenya
https://en.wikipedia.org/wiki/Mosquito_control
https://en.wikipedia.org/wiki/Malaria
https://en.wikipedia.org/wiki/Mosquito
https://en.wikipedia.org/wiki/Vector_(epidemiology)
https://en.wikipedia.org/wiki/Oreochromis_aureus
https://en.wikipedia.org/wiki/IUCN
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(need to try very hard to kill), very fast growth (1.5 kg in 12 months). Due to the accumulation of 
internal fat, the meat of this fish is very tender, considered a true delicacy not only in Australia, but 
also in countries in Asia, America and Europe. Fish meat contains essential amino acids for human 
nutrition, as well as fatty acids Omega-3, Omega-6, vitamins. The amount of unsaturated fatty acids 
in jade meat is the highest among all known freshwater fish species.  

The technology of jade perch cultivation is virtually indistinguishable from tilapia. Jade perch likes 
water temperatures in the region of 24-26C (tilapia grows better at 28-30C), feed uses tilapia. The 
planting density is slightly lower than the planting density of the tilapia (with oxygenation): jade 
perch - 80-100 kg per m3, tilapia - up to 140 kg per m3. 

The minimum project for growing this fish is 20,000 kg per year. The cost of capital is about 200,000 
euros. Operating costs will be around EUR 70,000 per year. 

Against this background, it is advisable to add that in the Odessa region scientific research in the field 
of aqua and mariculture has not stopped, the scientific results of long-term researches of marine 
biology and biotechnology schools have been preserved and multiplied; science has identified priority 
areas for the region, directions and specific measures for large-scale development of fish, shellfish 
and algae, there are also economic justifications for the conditions of high profitability of such 
projects. 

2.1.20. Atherina boyeri - Smelt   

It is a small species with great potential for adaptation to ecosystems that occupy empty habitats 
(food fields). It has the ability to be more easily settled in lakes and lagoons. This happened at Lake 
Vistonida, where in the late 1980s, when the lake's salinity increased due to declining freshwater and 
many freshwater species receded into its northern part, smelt settled in the southern part of the 
lake, creating large populations. Today, it is the most important species in the lake that exceeds the 
50% of the total production. It should be noted that the smelt is caught in lagoons and is neither 
farmed nor reproduced (Figure 25). 

  

Figure 25.  Smelt    

2.2. Farming systems                   

There are several types of common farming systems used for many species in aquaculture.                                                                                                          
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2.2.1. Intensive culture1 

An intensive freshwater fish farming site is generally composed of several open-air concrete tanks, 
raceways or earth ponds of different sizes and depths suited to the different stages of growth of the 
fish. A race taps river water upstream and returns it to the river downstream after it has flowed 
through all the tanks. This is what is known as a flow-through system. It is used typically for trout.   

2.2.1.1. Pond culture (mono- or/and poly- culture)2 

 Pond culture is a very popular aquaculture production method with many aquatic species cultured in 
ponds. To have successful pond production, ponds must be properly sited and built, with careful 
assessment of water availability, quantity, and quality. There are two main types of pond systems: 
watershed and levee systems (Whitis 2002). The climate and topography of the region in which you 
are located will determine which type of pond system is appropriate. Areas that have enough rainfall 
to fill and keep ponds filled will be more suited to watershed pond systems. In an area where the 
main water source is groundwater, then a levee pond may be more suitable. 

 Fish culture is classified based on the number of fish species as monoculture and polyculture. This is 

the culture of single species of fish in a pond or tank. The culture of Rainbow trout is typical example 

of monoculture. The advantage of this method of culture is that it enables the farmer to make the 

feed that will meet the requirement of a specific fish, especially in the intensive culture system. Fish 

of different ages can be stocked thereby enhancing selective harvesting. 

Polyculture is the practice of culturing more than one species of aquatic organism in the same pond. 
The motivating principle is that fish production in ponds may be maximized by raising a combination 
of species having different food habits. The concept of polyculture of fish is based on the concept of 
total utilization of different trophic and spatial niches of a pond in order to obtain maximum fish 
production per unit area. The mixture of fish gives better utilization of available natural food 
produced in a pond. The compatible fish species having complementary feeding habits are stocked so 
that all the ecological niches of pond ecosystem are effectively utilised. Polyculture began in China 
more than 1000 years ago. The practice has spread throughout Southeast Asia, and into other parts 
of the world. Different species combination in polyculture system effectively contributes also to 
improve the pond environment. By stocking phytoplanktophagus Silver carp in appropriate density 
certain algal blooming can be controlled. Grass carp on the other hand keeps the macrophyte 
abundance under control due to its macro vegetation feeding habit and it adds increased amount of 
partially digested excreta which becomes the feed for the bottom dweller coprophagous common 
carp. The bottom dwelling mrigal, common/mirror carp help re-suspension of bottom nutrients to 
water while stirring the bottom mud in search of food. Such an exercise of bottom dwellers also 
aerates the bottom sediment. All these facts suggest that polyculture is the most suitable proposition 
for fish culture in undrainable ponds. Ponds that have been enriched through chemical fertilization, 
manuring or feeding practices contain abundant natural fish food organisms living at different depths 

                                                                 
1 https://ec.europa.eu/fisheries/cfp/aquaculture/aquaculture_methods_en 
2 https://vikaspedia.in/agriculture/fisheries/fish-production/culture-fisheries/types-of-aquaculture/classification-of-fish-
culture-on-the-basis-of-number-of-species 

https://ec.europa.eu/fisheries/cfp/aquaculture/aquaculture_methods_en
https://vikaspedia.in/agriculture/fisheries/fish-production/culture-fisheries/types-of-aquaculture/classification-of-fish-culture-on-the-basis-of-number-of-species
https://vikaspedia.in/agriculture/fisheries/fish-production/culture-fisheries/types-of-aquaculture/classification-of-fish-culture-on-the-basis-of-number-of-species


 
 
 

                                   

Common borders. Common solutions.   
 

28 

and locations in the water column. Most fish feed predominantly on selected groups of these 
organisms. Polyculture should combine fish having different feeding habits in proportions that 
effectively utilize these natural foods. As a result, higher yields are obtained. Efficient Polyculture 
systems in tropical climates may produce up to 8000 kg of fish per hectare per year.  

 Combinations of three Chinese carps (bighead, silver and grass carp) and the common carp are most 
common in Polyculture. Other species may also be used. While fish may be grouped into broad 
categories based on their feeding habits, some overlap does occur (Prabjeet et al., 1991). 

2.2.1.2. Recirculating Aquatic System (RAS)3 

Another option is water recirculation systems. In such installations, the water remains in a closed 
ŎƛǊŎǳƛǘ ŀƴŘ ƛǎ ǊŜŎȅŎƭŜŘ ǎƻ ƛǘ Ŏŀƴ ōŜ ΨǊŜŎƛǊŎǳƭŀǘŜŘΩ ƛƴ ǘƘŜ ǘŀƴƪǎ ǳǎƛƴƎ a piping system. One of the 
advantages of this system is its isolation from the external environment, which means that all the 
parameters of the water can be controlled: temperature, acidity, salinity, disinfection, etc. It also 
allows for organic waste to be treated before being disposed of in nature. Its drawbacks, apart from 
the cost of the investment, include its energy consumption and dependence on a complex 
technology. 

Recirculation has been used for a long time in aquariums and hatcheries. Its use for on-growing is 
more recent, but is attracting growing interest. In fresh water, this system is mainly used for rainbow 
trout, catfish and eel, but it is suited to all species, including marine species like turbot, sea bass and 
sea bream. 

2.2.1.3. Cage system4 

Sea cages hold fish captive in a large pocket-shaped net anchored to the bottom and maintained on 
the surface by a rectangular or circular floating framework. They are widely used for rearing finfish, 
such as salmon, sea bass and sea bream, and to a lesser extent trout, in coastal and open waters, in 
areas sheltered from excessive wave action, with sufficiently deep water and relatively low current 
speeds. Several cages are typically grouped together in rafts, often housing moorings and walkways 
for boat access, feed storage and feeding equipment. As the water flows freely to the cages, the 
openness of the system makes it vulnerable to external influences (i.e. pollution events or physical 
impact) as well as exposing the adjacent environment to the stock, and the fish farm effluents.  

Today cage culture is receiving more attention by both researchers and commercial producers. 
Factors such as increasing consumption of fish, declining stocks of wild fishes and poor farm economy 
has increased interest in fish production in cages. Many small or limited resource farmers are looking 
for alternatives to traditional agricultural crops. Aquaculture appears to be a rapidly expanding 
industry and it offer opportunities even on a small scale. Cage culture also offers the farmer a chance 
to utilize existing water resources in which most cases have only limited use for other purposes. 

                                                                 
3https://ec.europa.eu/fisheries/cfp/aquaculture/aquaculture_methods_en 
4https://ec.europa.eu/fisheries/cfp/aquaculture/aquaculture_methods_en 

https://ec.europa.eu/fisheries/cfp/aquaculture/species
https://ec.europa.eu/fisheries/cfp/aquaculture/aquaculture_methods_en
https://ec.europa.eu/fisheries/cfp/aquaculture/aquaculture_methods_en
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Nowadays, cages, located in lakes, have started to be used for the rearing of valuable species, such as 
sturgeons, carp rainbow trout. Aquaculture in floating cages systems has started only in the past few 
years, by accessing European funding through the Operational Programme for Fishing. 

2.2.1.4. Flow-through systems (tanks and raceways) 

The rearing tanks are the classical water flow tanks used in trout farms and earth basins (stews or 
ponds) for cyprinids. 

2.2.2. Semi-intensive culture (pond) 

In a semi-intensive system, the production of the pond is increased beyond the level of extensive 
aquaculture by adding supplementary feed, usually in the form of dry pellets, to integrate the feed 
naturally available in the pond, allowing for higher stocking density and production per hectare. 

2.2.3. Extensive culture (pond)5 

Traditional extensive freshwater fish farming is practiced across the whole Europe, and is particularly 
common in Central and Eastern Europe. This long-established farming method consists of maintaining 
ponds (natural or artificial) in such a way that they foster the development of aquatic fauna. Every 
winter, the ponds and lagoons are cleaned and fertilised to stimulate aquatic vegetation and 
consequently intensify the presence of micro-organisms, small molluscs and crustaceans, larvae and 
worms, which form the base of the aquatic food pyramid. This encourages the development of 
ΨƳŀǊƪŜǘŀōƭŜΩ ŀƴƛƳŀƭǎ ŀǘ ŀ ƘƛƎƘŜǊ ȅƛŜƭŘ ǘƘŀƴ ǘƘŀǘ ƻŦ ǘƘŜ ƴŀǘǳǊŀƭ ŜŎƻǎȅǎǘŜƳΦ tǊƻŘǳŎǘƛƻƴ ƛƴ ŜȄǘŜƴǎƛǾŜ 
farms is generally low (less than 1 t/ha/y). 

The species produced vary according to regions: whitefish (Coregonidae), pike-perch, pike and 
different species of carp, catfish, crayfish and frog. 

Traditional extensive fish farming in lagoons and coastal ponds is one of the most ancient 
aquaculture methods, and is still practiced across Europe. It consists of maintaining lagoons in such a 
way that they foster the development of aquatic fauna. Every winter, the lagoons are cleaned and 
fertilised to stimulate aquatic vegetation and consequently intensify the presence of micro-
organisms, small molluscs and crustaceans, larvae and worms, which form the base of the aquatic 
ŦƻƻŘ ǇȅǊŀƳƛŘΦ ¢Ƙƛǎ ŜƴŎƻǳǊŀƎŜǎ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ΨƳŀǊƪŜǘŀōƭŜΩ ŀƴƛƳŀƭǎ ŀǘ ŀ ƘƛƎƘŜǊ ȅƛŜƭŘ ǘƘŀƴ ǘƘŀǘ ƻŦ 
the natural ecosystem. Production in extensive farms is generally low (less than 1 t/ha/y). 

Depending on their geographical situation, lagoons and coastal ponds provide sea bass, eels and 
different species of sea bream, mullets, sturgeons, crayfishes and shellfish. In Italian valliculture in 
the Po and Adige deltas, lagoons are seeded with sea bass and sea bream fry to make up for the 
increased scarcity of these species in the wild and to compensate for the disappearance of eels. In 
Spanish (esteros) and in Portugal, this practice has led to testing with new species, including turbot, 
common sole and Senegalese sole. 

                                                                 
5 https://ec.europa.eu/fisheries/cfp/aquaculture/aquaculture_methods_en 
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2.3. Farming Methods of Major Species 

2.3.1. Trout culture 

Similar methods are used for rainbow trout, brown trout and Black Sea trout (or salmon) in the Black 
Sea. Before starting, assessment of water quality is vital for the site selection. Basic criteria 
requirements are given in Table 2. 

Table 2. Water quality criteria for trout culture  

PARAMETERS  VALUES REMARKS 

Water tempetrature oC 9-17; 12-16 (optimum) - 

pH 6.5-8.5 
About 7 

Slightly acidic 
Good for intensive culture 

Oxygen  9.2-11.5 mg /lt saturated 

Ammonium 0.1 or 0.02 mg/lt 
0.005 mg/lt 

- 
For juveniles 

Nitrites (NO2) 1) 0.1 mg/lt, 2) 0.2 mg/lt 
(=0.03 or 0.06 mg N-O2/lt  

0.012 mg N-O2/lt  

For soft waters 
Hard waters 
Closed systems 

Nitrates (NO3) 100 mg/lt 
25-35 mg N-O3/l t 

N-O2/lt 

Chlorine (Cl2) 0.01-0.03 mg/lt  

Chloride (Cl-) 50 mg/lt For incubation 

Hydrogen Sulfide (H2S) 0.002 mg/lt  

Carbon dioxide(CO2) 25 mg/lt Not to over this limit is possible 

Ozone (O3) 0.02 mg/lt  

Nitrogen (N2) 110% Max gas pressure at saturation 

Suspended and sediment 
materials 

15-80 mg/lt - 

Copper (Cu) 0.006 mg/lt, 0.003 mg/lt 
ABP-2 = 100 mg/lt CACO3 

 

Zinc 0.005-0.04 mg/lt Depends water hardness 

Iron 1)0.3 mg/lt,  
2) 0.1 mg/lt 

- 
For juveniles 

Lead 1. 0.3 mg/lt (0.01-0.03 mg/lt) - 

Mercury 1. 0.005 mg/lt 
2. 0.0002 mg/lt 

- 
- 

Cadmium 0.0004 mg/lt 
0.003 mg/lt 

For soft waters (ABP<2) 
Hard waters (ABP>2) 

Chromium 0.01 mg/lt 
0.05 mg/lt 

Hexavalent 
Trivalent 

Cyanide 0.005-0.25 mg/lt - 

Arsenic 0.01-0.5 mg/lt - 

Barium  5 mg/lt - 

Aluminum 0.1 mg/lt - 

Flow rate 0.005-0.03m/s - 

Turbidity  10 JTU Jackson scale for turbidity 
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2.3.1.1. Adult Selection 

The selection of the individuals who will be devoted to breeding should be done starting from the 
pre-growing period. By continuing to grow the separated fish, distinctive features should be sought in 
terms of differentiating fish from the population. These qualities are: 

¶ Good feed utilization with rapid growth, 

¶ Resistance to diseases, 

¶ Smooth and harmonious body form, 

¶ High reproductive efficiency (large number and large diameter eggs, sperm quality, etc.) 

¶ To reach sexual maturity late. 
Adult fish selected based on the above characteristics should be fed with fresh pellets, together with 
fresh fish and shrimp in brood stock ponds. Special care should be paid not to overfeed by keeping 
fish weight increase approximately 0.5-1.5 kg per year. Overfeeding can cause fat degeneration, 
especially in eggs.  

2.3.1.2. Brood stock keeping 

Average weights of three-year-old mature fish are between 1-3 kg. Female fish are used in 4 
consecutive reproduction seasons until the age of 6. Fecundity decreases as the live weight increases, 
ie, in 6-year-old fish, this amount drops below 1200 eggs per kg live weight. However, the larvae of 
viability are obtained from eggs with larger diameters, which have the advantage of selling more. 
Therefore, 4-5 year old females have great economic value in all aspects. Studies have shown that 
sperm of 3-year-old male has never reached the quality of sperm of 4-5-year-old male. But 3-year-old 
male have more sperm in terms of quantity. In this regard, mature fish is preferred 3-year-old male, 
taking into account the cost of keeping adult fish in the farm. 

Basic information about the egg production characteristics of female adults can be listed as follows: 

¶ Total amount of eggs obtained from breeding fish increases as the fish grow. For example, at the 

age of 3, 1800 eggs are obtained from fish weighing 750 g; 2500 eggs are taken from fish 

weighing 1300 g at age 4. 

¶ As the fish size increases, the proportional amount of eggs per kg body weight decreases. For 

example, at the age of 3, the number of eggs per kg body weight of 750 g weight fish is 2400 

pieces; the number of eggs per kg live weight of the fish weighing 1300 g for 4 years old is 2000. 

¶ The number of eggs can be affected by the amount and quality of the feed. 

¶ The effect of genetic conditions on the difference of the number of eggs in individuals is very 

large. 

¶ Older and larger fish develop larger eggs compared to younger and smaller fish, thereby 

providing stronger larvae formation. For example, while the egg diameter of 2 years old fish 

weighing 178 g is 3.9 mm, the diameter of the egg of 7 years old fish weighing 2700 g is 5.7 mm. 
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2.3.1.3. Stripping and fertilization 

The dry method has been used in trout stripping so far. The variety of tools and equipment to be 
used in this method varies according to the knowledge and skills of the staff to strip. Brood stock is 
stunned in 50-ppm MS-222 solution before stripping. Then, it is dried with a towel and eggs are 
milked by squeezing the belly of the fish into a clean and dry plastic container. After the sperms of at 
least two male fish are milked on the eggs of each female adult, eggs and sperms are mixed with the 
help of a hand or soft body and left to wait after 1-2 minutes by adding clean water. The fertilization 
procedure is given in Figure 26. 

The incubation period of salmonids varies depending on the species and water temperature. 
However, the sum of the water temperatures (day-degrees) measured during the incubation shows 
close values. The average incubation time for rainbow trout eggs is 310 days - degrees (Çelikkale 
1994), although 103 days (361 days-degrees) at 3.5 ° C, 80 days (400 days-degrees) at 5 ° C and 19 
days  at 15 ° C. (285 days-degrees). 

                   

 

 
Figure 26. Procedures in fertilization of trout eggs 

Incubation cabinets and egg trays are used to hatch fish in the hatchery (Figure 27). Eggs are eyed in 
16 to 18 days (Figure 28) and hatching is completed in 32-35 days (Figure 29). 
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Figure 27. Egg trays and incubation cabinet 

 

Figure 28. Eyed eggs 

 

Figure 29. Hatched larvae with yolk sac 
































































































































