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Abstract: In this study, reproductive performances of F5 and F6 generation hatchery- Keywords
originated female Black Sea salmon (Salmo labrax) were evaluated to determine the e Black Sea salmon
effects of the active selective breeding program. The study was conducted in freshwater o Selective breeding
ponds and marine cage systems between 2018 and 2021. For the study, 53 specimens o Reproductive characteristics
from F5 generation females with an average length of 52.71+7.08 cm and weight of o Breeding season
1561.294639.76 gr, and also 56 broodstocks specimens from F6 generation females with

an average length of 51.92+5.35 cm and weight of 1506.12+417.28 gr were used. Gonad

maturity controls and spawning studies were carried out in the 2018-2019, 2019-2020,

and 2020-2021 breeding periods along the entire season, lasting from November to

January. The number of ovulating females, their fecundity, egg diameters, and

fertilization rates of eggs were recorded. In all seasons, 36.17% of F5 females ovulated in

November, and the remaining females (63.83%) ovulated in December. Ovulation time

in F6 females also showed a similar pattern of 1/3 of females (37.40%) ovulating in

November and the remaining majority (62.60%) ovulating in December. According to

the results, total egg yields as 4439.31+1675.69 and 4112.08+1041.16 egg/broodstock,

relative egg yields as 2313.44+278.48 and 2345.76+516.30 egg/kg, egg diameters as

5.084+0.19 and 5.214£0.17 mm, and fertilization rates as 96.7843.24% and 96.63+3.73%

were determined for F5 and F6 generations, respectively. In both generations, as the size

of the broodstock increases, the total egg production increases (F5: r=0.9169, F6:

r=0.74254), while the relative egg production (F5: r=-0.2526, F6: r=-0.3486) decreases.

When the total egg yields and fertilization rates were compared, the difference between

the F5 and F6 groups was insignificant (p<0.05). The condition factors of the two

generations were found to be statistically similar (p<0.05). As a result, it is understood

that the maximum broodstock efficiency of the breed has been achieved in the

broodstock management as a result of the selective breeding studies applied for the

broodstock management.

Ozet: Bu calismada, yiiriitiilen segici 1slah programunin iireme performansina etkisini Anahtar kelimeler
belirlemek amaciyla, F5 ve F6 nesil kulugckahane kokenli Karadeniz somonu (Salmo e Karadeniz somonu
labrax) anaglarinin tireme bulgulari irdelenmistir. Caligma, 2018-2021 tarihleri arasinda o Secici 1slah

tathsu havuzlarinda ve deniz ag kafes sisteminde yiiriitiilmiistiir. Calismada, ortalama ¢ (Jreme 6zellikleri
boylar1 52,71+£7,08 cm ve ortalama agirliklart 1561,29+639,76 g olan F5 nesil anaglardan
53 birey, ortalama boylart 51,92+5,35 cm ve ortalama agirliklar1 1506,12+417,28 g olan
F6 nesil anaglardan 56 birey kullanilmigtir. Farkli nesil anaglarin {ireme periyodunda
aylik iireme oranlari, toplam yumurta verimi, nispi yumurta verimi, yumurta ¢api ve
dollenme oranlar1 belirlenmistir. 2018-2019, 2019-2020 ve 2020-2021 iireme
periyotlarinda (Kasim-Ocak aylar1) gonad olgunluk kontrolleri ve sagim caligmalart
yapilmustir. Sagilan F5 nesil anaglarin oran1 Kasim ayinda % 36,17 iken Aralik ayinda %
63,83, F6 nesil anaglarda ise bu durum Kasim ayinda % 37,40 Aralik ayinda % 62,60
olarak tespit edilmistir. Bu sonuglara gore, sagimi gergeklestirilen F5 ve F6 nesil

o Ureme sezonu
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anaglarin, toplam yumurta verimi, nispi yumurta verimi, yumurta gaplart ve déllenme
oranlar1 sirasiyla 4439,31£1675,69 ve 4112,08£1041,16 adet/anag, 2313,44+278,48
adet/kg ve 2345,76+516,30 adet/kg, 5,08+0,19 mm ve 5,21+£0,17 mm % 96,78+3,24 ve
% 96,63£3,73 olarak belirlenmistir. Her iki nesil anaglarin biyiikliigi arttik¢a toplam
yumurta veriminde de arttigi (F5: r=0,9169, F6: r=0.74254) fakat nispi yumurta
veriminde ise (F5: r=-0,2526, F6: r=-0,3486) azalma oldugu gorilmistiir. Toplam
yumurta verimleri ve dollenme oranlar karsilastirildiginda F5 ve F6 gruplari arasindaki
fark onemsizdir. (p<0.05). F5 ve F6 nesil anaglarin kondisyon faktorlerinin benzer
oldugu (p<0.05) tespit edilmistir. Sonug olarak, damizlik yonetimine yonelik uygulanan
secici 1slah caligmalar1 sonucunda tiiriin damizlik yo6netiminde maksimum {ireme
verimini ulasildigini anlasilmaktadir.

1. INTRODUCTION

Black sea salmon, which was only a subject of sportive fishing initially, has become quite common
in Tirkiye, especially on the eastern shores of the Black Sea, due to high consumer preference.
Trabzon Central Fisheries Research Institute (SUMAE) determined the species' basic bioecological
and culture characteristics with the scientific studies it started in 1998, thereby revealing the species'
aquaculture potential. Within the scope of these studies, both broodstock individuals and eggs were
provided to several private enterprises and contributed to the expansion of the species breeding in the
Eastern Black Sea Region (Tabak et al., 2001; Cakmak et al., 2007, 2022; Kasapoglu et al., 2020; Ozel
et al., 2021, Cankiriligil et al., 2022). Today, 25 private enterprises, which have a total production
capacity of 23,256,000 juvenile fish per year, are breeding species, and the production amount for
2021 has been reported as 1.603 tons/year (BSGM, 2022; TUIK, 2022). In parallel with the projects,
selective breeding programs were also implemented to improve the species' culture characteristics. The
characteristics for creating breeding stock with easy adaptation to culture conditions and high
reproductive efficiency were followed in the applied selective breeding programs.

A good start is essential for sustainable farming. This can only be possible by managing well-
known and known breeders with high fertility. Broodstock management practices are essential in
business management and the economy to obtain quality and healthy offspring in Black Sea salmon
farming, whose culture production is increasing daily. Effective broodstock management practices can
improve reproductive performance, resulting in higher-quality offspring and increased sustainability
and efficiency in Black Sea salmon farming. Therefore, evaluating the effects of selective breeding
programs on the reproductive performance of hatchery-originated female Black Sea salmon can
provide valuable insights for future breeding programs and contribute to developing a more
sustainable aquaculture industry. This study aims to evaluate the reproductive performance of F5 and
F6 generation hatchery-originated female Black Sea salmon, and to determine the effects of the
ongoing selective breeding program on their reproductive efficiency. By evaluating the gonad maturity
controls, egg yields, fertilization rates, and egg diameters, we aim to assess the success of the selective
breeding program in improving the culture characteristics of Black Sea salmon. The results of this
study can help inform future breeding programs and improve the sustainability and efficiency of Black
Sea salmon farming.

2. MATERIAL AND METHODS
2.1. Broodstock care

The care and feeding of broodstock were carried out in the freshwater unit in the Of province of
Trabzon and the marine cages research unit of SUMAE in the Yomra province (Figure 1). Water
temperatures were measured daily. The water exchange in ponds is set as 18-20 times/day. The
broodstocks were transferred to the freshwater unit in June when the Black Sea water started to warm
(18°C), and they were transported to the marine unit in February after spawning. The stock density in
cages and ponds was set as 12 kg/m? in initial, and it reached to 15 kg/m? in spawning till February.
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Figure 1. Areas where broodstock individuals are kept. 1U: Central Fisheries Research Institute Units, MC:
Marine cage research unit, FU: Freshwater unit, altitude: 644 m. The map was created with Ocean Data View

(ODV) software (Schlitzer, 2023).

2.2. Broodstock Selection

The study used hatchery-origin F5 and F6 broodstock fish of different ages as the primary material.
Among the F5 generation fish stock, there were 53 female fish with an average length of 52.71+7.08
cm, an average weight of 1561.29+639.76 g, and 31 male fish with an average length of 50.22+7.63
cm and an average weight of 1711.98+£646.48 g were selected. Moreover, in F6 generations, 56 female
fish with an average length of 51.92+5.35 cm, an average weight of 1506.12+417.28 g, and 32 male
fish with an average length of 49.12+8.78 cm and an average weight of 1645.184+836.35 were selected
(Table 1, 2). Commercial trout feed with 7% moisture, 45% protein, 20% lipid, 10% crude ash, 3%
crude fiber, and 4801 Kcal/kg energy content was used in breeding stock feeding. All individuals were
marked with electronic markers (12 mm, 134 KHz) for individual monitoring of reproductive
efficiency and management of breeding stock (Figure 2).

Figure 2. Marker process of broodstocks (a: Reader, b: injector and markers, c: appliation of the marker to
muscle tissue)

2.3. Spawning Studies

Maturity controls of the breeders were started in the second week of October, 15 days before the
breeding period, considering the milking dates of the previous years, and milking was carried out at
two-week intervals until the end of the breeding period. Egg and sperm-maturing individuals were
taken into separate tanks in the hatchery. Broodstock individuals were anesthetized before spawning
by exposure to a 50 ppm solution of benzocaine-acetone (Oswald, 1978). The dry spawning method
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was applied. Firstly, male individuals were milked, and sperm stock was formed by sperms of at least
three male individuals. The stock sperm fertilized the spawned eggs of 5 female fish. Twenty-five
minutes after fertilization, the eggs were washed with the water used in the hatchery to remove the
residues and prepared for incubation.
2.4. Determinations of Reproductive Characteristics

A ruler with a precision of +1 mm was used for the length measurements of the broodstocks, and a
scale with a precision of £0.01g was used for the measurements of body weight and total egg weight.
Total egg weight was determined by weighing the eggs with an accuracy of 0.01 g. Average egg
diameters were measured with Von Bayer ruler (Von Bayer, 1910) with 20 eggs for each broodstock,
and the number was calculated by dividing the number of eggs. The same 20 eggs were weighed with
a scale with a precision of 0.001 g, and this weight was divided by the number of eggs. Egg production
(fecundity) was determined by the gravimetric method (MacGregor, 1957), and total egg production
(number of eggs per broodstock) and relative egg production (number of eggs per kg body weight)
were calculated. Eggs were placed in vertical flow brood cabinets fed with spring water using separate
pans for each rootstock. One day after fertilization, the white and opaque eggs were considered
unfertilized, counted, and removed. The fertilization rate was calculated by proportioning the
remaining eggs (fertilized eggs) to the total number of eggs.
2.5. Statistical Analyses

The data of the study were analyzed by t-test. Differences were evaluated at the 5% significance
level (P<0.05). Relationships between parameters were calculated in correlation analysis. Minitab
statistical program was used in analyses.

3. RESULTS

The average water temperature of the marine net cage unit was determined as 11.27+3.06 °C (min:
8.6 °C, max: 20.7 °C), and the salinity rate was determined as 17 %o. The average water temperature of
the freshwater unit was measured as 11.91+4.28 °C (min: 4.0 °C, max: 18.5 °C) (Figure 3).

30,00
25,00
20,00
15,00
10,00
5,00
0.00 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Marine water 9,50 8,67 9,20 11,70 15,40 20,70 24,70 27,00 24,20 21,00 15,60 11,70
Fresh water 5,48 4,93 4,53 6,50 12,00 15,10 16,40 16,30 15,15 11,81 9,67 5,83

e \/|arine water e Fresh water

Figure 3. Water temperatures of the marine cage and freshwater units

Breeding studies started in November and were completed at the end of December for each year
36.17% of F5 broodstocks and 37.19 % of F6 broodstocks were spawned in November, and all
remaining broodstocks were spawned in December (Figure 4).
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Figure 4. Reproduction rates of generations during the breeding period (%)

According to the results, total egg yields were 4439.31£1675.69 egg/broodstocks and
4112.08+1041.16 egg/broodstocks, and relative egg yields were 2313.44+278.48 egg/kg and
2345.76+516.30 egg/kg for F5 and F6 broodstock individuals, respectively. In broodstock groups, It
was determined that there was a positive relationship between broodstock weight and total fecundity
and a negative relationship between broodstock weight and relative fecundity (Table 1; Figures 5, 6).
It was observed that the difference between egg yields of F5 and F6 generations was statistically
insignificant (Table 1) (P<0.05). Mean egg diameters were found as 5.08+0.19 mm and 5.21+0.17
mm, and mean egg weights were found as 0.083+0.01 g and 0.088+0.01 g for F5 and F6 broodstocks,
respectively. Mean fertilization rates were calculated as 96.78+3.24 % for the F5 generation and
96.63+3.73 % for the F6 generation. It was observed that the difference between fertilization rates and
the egg's diameter and weight was found insignificant for both groups (Table 1) (P<0.05).
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Figure 5. Total and relative fecundity weight relationship of F5 broodstocks
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Figure 6. Total and relative fecundity weight relationship of F6 broodstocks
Table 1. Reproductive efficiency of F5 and F6 generation broodstocks
Parameters Filial generation
Fs (n=53) Fe (n=56)
Length (cm) 52.71+7.08° 51.92+5.35%
Weight (g) 1561.29+639.76 1506.12+417.28°
Total egg weight (g) 376.03+165.73° 365.47+109.05%
Egg weight (g) 0.083+0.01° 0.088+0.01°
Egg diameter (mm) 5.08+0.19% 5.21+0.17°
Total fecundity (egg count/broodstock) 4439.31+1675.69° 4112.08+1041.16%
Relative fecundity (egg count/broodstock kg) 2313.44+278.48% 2345.76+516.30°
Fertilisation rate (%) 96.78+3.24° 96.63+3.73%
Condition factor 1.07+0.15° 1.05+0.16°
*Different letters in a line indicate a statistical difference.
Table 2. Some characteristics of the male individuals
Length (cm) Weight (g) Condition factor
F5 (n=31) 50.22+7.63° 1711.98+646.48° 1.29+0.18°
F6 (n=32) 49,12+8.78° 1645.18+836.35° 1.26+0.10°

*Different letters in a column indicate a statistical difference.

4. DISCUSSION

Although studies on Salmo labrax are limited, significant studies have been conducted on brown
trout (Salmo trutta) belonging to the same genus. Several studies have been conducted about brown
trout spawning season, fertility, natural behavior, and culture characteristics. The reproduction season
of the brown trout, which takes three months, occurs between October and December in the northern
hemisphere (Needham et al., 1945; Horton, 1961; Thomas, 1964; Moyle, 1976), while it was between
late May and July in the southern hemisphere (Hobbs, 1937; Hopkins, 1970; MacDowal, 1978). It is
reported that brown trout give offspring in Chile in June, and reproduction reaches the maximum in
July and continues until September (Estay et al., 1994). It is known that the maturation and spawning
times of Black Sea salmon individuals in fish production facilities and their natural habitats in the
Northwest Caucasus vary depending on environmental conditions, especially temperature (Makhrov et
al., 2011). According to previous studies, on the Turkish coasts, Black Sea salmon mainly spawns in
November and rarely until mid-December in the natural environment (Tabak et al., 2001), whereas,
under culture conditions, it has been reported that the spawning period begins in November, peaks in
December, and continues until February (Cakmak et al., 2022). A study conducted in a private
enterprise operating in the Eastern Black Sea Region of Tirkiye determined that rainbow trout
(Oncorhynchus mykiss) gave offspring between the last quarter of December and the last quarter of
February (Salihoglu et al., 2013). Our study determined that F5 and F6 breeding stocks gave offspring
in November and December, and the breeding season was completed in 2 months. It is seen that
selective breeding studies applied for the creation of breeding stock from marine (anadromous)
individuals are effective in completing the milking period in 2 months. This reproduction pattern in the
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F5 and F6 stocks is similar to the findings of Needham et al. (1945), Horton (1961), Thomas (1964),
Moyle (1976), and Tabak et al. (2001). The number of enterprises culturing Black Sea salmon in
Tiirkiye is increasing daily. Especially for private enterprises that breed Black Sea salmon together
with Rainbow trout, breeding Black Sea salmon in the early period and rainbow trout in the late period
will provide an advantage in hatchery usage.

Brown & Kamp (1941) measured the egg diameter of 4.64 mm (n=37) for brown trout (Salmo
trutta) with 1285 eggs per brood in their study in the USA. Toledo et al. (1993) measured the egg
diameter of 4.67 mm (n=24) for Brown trout (Salmo trutta) with 1176 eggs/brood yield in their study
in Spain. Estay et al. (1994) found that the total egg production of brown trout in culture form at
different ages was 1182+344 - 2744+605 eggs/broodstock, the relative egg production was 3577+471 -
21814360 eggs/kg, and the egg diameters were 4.64+0.11 - 5.24+0.12 mm. Tabak et al. (2001)
reported that the total egg vyield of natural Black Sea trout broodstocks was 32264320
eggs/broodstock, the relative egg yield was 174770 eggs/kg, the egg diameter was 5.48+1.10 mm.
Cakmak et al. (2022), within the scope of selective breeding of Black Sea salmon, it was determined
that the total egg vield, the relative egg yield, and the egg diameter of F2, F3, and F4 generations
varied between 3202+1665- 3664+1220 eggs/broodstock, 2428+709-2417+586 eggs/kg varied
between, and 5.52+0.34-5.45+0.21 mm under culture conditions. Egg production and egg size of
fishes are affected by several factors. The most important are broodstock size, age, genotype, and
feeding conditions (Haeley & Heard, 1984; Bromage et al., 1990, 1992). The reproductive yields and
egg sizes of F5 and F6 individuals obtained in this study were similar to studies by Estay et al. (1994),
Tabak et al. (2001), Cakmak et al. (2022), while these were found to be higher than the findings of
other researchers. It is seen that this difference is caused by the fish size used in the studies, the
anadromous feature, and the difference in environmental conditions. The findings obtained in this
study overlap with those of the F3 and F4 generations, and it is understood that the breeding data
remained stable in the breeding study with these generations.

Estay et al. (1994) reported that the fertilization rate in eggs of different ages ranged from
92.0+13.7 % to 98.5+4.01 % in their study with brown trout of culture origin. Cakmak et al. (2022)
calculated the fertilization rate of eggs obtained from natural broodstocks (FO) adapted to the culture
conditions within the scope of the selective breeding program they carried out in Black Sea salmon
93.46+5.35 %. They reported that the fertilization rate of eggs from F1, F2, F3, and F4 generations
ranged from 95.28+6.29 % to 98.25+1.81 %. The fertilization rate findings obtained in this study are
similar to those conducted with cultured brown trout.

5. CONCLUSION

The Black Sea salmon is among the new species introduced into production in the aquaculture
sector. To improve the culture characteristics of the fish, selective breeding programs were applied to
create an F6 generation having high adaptability to culture conditions. The results of the study showed
that selective breeding was an effective tool for improving the culture characteristics of the Black Sea
salmon. Some parameters related to reproduction, such as fertilization and hatching rates, were found
to be significantly increased in the F6 generation compared to the wild population. Moreover, the
reproduction data in the last three generations were similar and stable, indicating the success of the
breeding program. These findings suggest that selective breeding can be used to improve the culture
characteristics of Black Sea salmon in the culture environment. Future studies should focus on
improving the species' survival rate, growth, and adaptation to different environmental conditions.

ACKNOWLEDGEMENT
We want to thank the all crew members our Institute for their support on technical issues and
infrastructure preparation and use during the study.

FUNDING

This work has been prepared using the data obtained from the "Investigation of possibilities of
using some phytobiotic added feeds in feeding of Black Sea salmon (Salmo labrax)" project supported
by the Ministry of Agriculture and Forestry.




Ozel et al., 2023 Acta Aquat. Turc., 19(4): 289-297 296

CONFLICT OF INTERESTS
There is no conflict of interest between authors.

AUTHOR CONTRIBUTIONS
Methodology: EC, OTO, ECC; Experimenting: OTO, EC, ECC, RC, ZDB; Data analysis: OTO,
EC; Manuscript writing: EC, ECC, OTO; Supervision: EC. All authors approved the final draft.

ETHICAL STATEMENTS

All experiments were carried out considering the ethical rules of the authorities, with the approval
coded as ETIK-2017/1 by the Ethical Committee of Animal Experiments of Central Fisheries
Research Institute.

DATA AVAILABILITY STATEMENT
All relevant data were given in the manuscript.

REFERENCES

Bromage, N., Hardiman, P., Jones, J. & Springate, J. (1990). Fecundity, egg size and total volume
differences in 12 stocks of rainbow trout, Oncorhynchus mykiss Richardson. Aquaculture and
Fisheries Management, 21, 269-284. https://doi.org/10.1111/j.1365-2109.1990.tb00465.x

Bromage, N., Jones, J., Randall, C., Trush, M., Davies, B., Springate, J., Duston, J. & Barker, G.
(1992). Broodstock management, fecundity, egg quality and the timing of egg production in the
rainbow trout (Oncorhynchus mykiss). Aquaculture, 100, 141-166. https://doi.org/10.1016/0044-
8486(92)90355-0

Brown, C. J. D. & Kamp, G. C. (1942). Gonad measurement and egg counts of Brown trout (Salmo
trutta) from the Madisonriver, Montana. Transactions of the American Fisheries Society, 71,
195-200. https://doi.org/10.1577/1548-8659

BSGM. (2022). Su Uriinleri Istatistikleri.
https://www.tarimorman.gov.tr/BSGM/Belgeler/Icerikler/SuUrunleri

Cakmak, E., Firidin, S., Aksungur, N., Cavdar, Y., Kurtoglu, I z., Aksungur, M., Ozel, O. T.,
Cankiriligil E. C., Diizgiines, Z. D., & Batir, E. (2022). Improving the reproductive yield of
Black Sea salmon (Salmo labrax PALLAS, 1814) with a selective breeding program. Aquatic
Sciences and Engineering, 37(3), 161-168. https://doi.org/10.26650/ASE20221079847

Cakmak, E., Kurtoglu, I. Z., Cavdar, Y., Aksungur, N., Firidin, S., Bas¢mar, N., Aksungur, M.,
Esenbuga, H., Ak, O. & Zengin, B. (2007). Karadeniz Alabaligi (Salmo trutta labrax)
Yetistiriciligi ve Baliklandirma Amaciyla Kullanimi. Proje Sonug Raporu Kitabi, Trabzon.

Cankiriligil, E. C., Berik, N., Cakmak, E., Ozel, O. T. & Alp-Erbay, E. (2022). Dietary carotenoids
influence growth, fillet pigmentation, and quality characteristics of Black Sea trout (Salmo
labrax Pallas, 1814). Thalassas: An International Journal of Marine Sciences, 38, 793-8009.
https://doi.org/10.1007/s41208-022-00407-7

Hobbs, F. (1937). Natural reproduction of quinat salmon, brown and rainbow trout in certain New
Zealand waters. Fisheries Bulletin of New Zealand, 6, 1-104.

Estay, F., Diaz, N., Neira, R. & Fernandez, X. (1994). Analysis of reproductive performance in a
rainbow trout hatchery in Chile. The Progressive Fish-Culturist, 56, 244-249.
https://doi.org/10.1577/1548-8640(1994)056<0244: AORPOR>2.3.CO;2

Healey, M. C. & Heard, W. R. (1984). Inter and intra-population variation in the fecundity of chinook
salmon (Oncorhynchus tschawytscha) and its relevance to life history theory. Canadian Journal
of Fisheries and Aquatic Sciences, 41, 476-483. https://doi.org/10.1139/f84-057

Hopkins, C. L. (1970). Some aspects of the bionomic fish in the brown trout nursery stream. Fisheries
Research Bulletin of New Zealand, 4, 1-38.

Horton, P. A. (1961). The bionomics of brown trout in a Dartmoor stream. Journal of Animal Ecology,
30, 311-338. https://doi.org/10.2307/2301



https://doi.org/10.1111/j.1365-2109.1990.tb00465.x
https://doi.org/10.1016/0044-8486(92)90355-O
https://doi.org/10.1016/0044-8486(92)90355-O
https://doi.org/10.1577/1548-8659
https://www.tarimorman.gov.tr/BSGM/Belgeler/Icerikler/SuUrunleri
https://doi.org/10.26650/ASE20221079847
https://doi.org/10.1007/s41208-022-00407-7
https://doi.org/10.1577/1548-8640(1994)056%3c0244:AORPOR%3e2.3.CO;2
https://doi.org/10.1139/f84-057
https://doi.org/10.2307/2301

Ozel et al., 2023 Acta Aquat. Turc., 19(4): 289-297 297

Kasapoglu, N., Cankiriligil, E. C., Cakmak, E. & Ozel, O. T. (2020). Meristic and morphometric
characteristics of the Black Sea salmon, Salmo labrax Pallas, 1814 culture line: an endemic
species for Eastern Black Sea. Journal of Fisheries, 8(3), 935-939.

MacDowal, R. M. (1978). New Zealand Freshwater Fishes-A Guide and Natural History. Heinemann
Educational Books (NZ), Auckland.

MacGregor, J. S. (1957). Fecundity of the Pacific sardine (Sardenops caerula). US Fish and Wild
Service. Fishery Bulletin, 121, 427-449.

Makhrov, A. A., Artamonova, V. S., Sumarokov, V. S., Pashkov, A. N., Reshetnikov, S. I.,
Ganchenko, M. V. & Kulyan, S. A. (2011). Variation in the timing of spawning of the Black
Sea brown trout Salmo trutta labrax Pallas under artificial and natural conditions. Biology
Bulletin, 38, 138-145. https://doi.org/10.1134/S1062359011020075

Moyle, P. B. (1976). Inland Fishes of California. University of California Press, Berkeley, CA, USA.

Needham, P. R., Mojert, J. W. & Slater, A. W. (1945). Fluctuations in wild brown trout populations in
Convict  Creek, California.  Journal of  Wildlife ~ Management, 9, 9-15.
https://doi.org/10.2307/3795940

Oswald, R. L. (1978). Injection anaesthesia for experimental studies in fish. Comparative
Biochemistry and Physiology Part C: Comparative Pharmacology, 60(C), 19-26.
https://doi.org/10.1016/0306-4492(78)90021-7

Ozel, O. T., Cakmak, E., Cankiriligil, E. C., Coskun, 1., Ertiirk Giirkan, S., Diizgiines, Z. D., Tiire, M.,
Cimagil, R., Yilmaz, H. A., Evliyaoglu, E., Eroldogan, O. T., Kutlu, 1., Alp Erbay, E., Dagtekin,
B. B, Yesilsu, A. F. & Berik, N. (2021). Baz: fitobiyotik katkili yemlerin Karadeniz alabalik
beslenmesinde kullanim olanaklarimin belirlenmesi. Proje Sonug Raporu,
TAGEM/HAYSUD/2017/A11/P-01/3, Trabzon.

Salihoglu, H., Basc¢inar, N., Akhan, S., Sonay, F. D., Sayil, E., Melek, H., Baygelebi, H., Kuloglu, T.,
Kara, F. & Sirtkaya, N. (2013). Dogu Karadeniz Bélgesi Alabalik Isletmelerinde Anag¢ Stok
Yonetim Sistemi Olusturulmasi ve Biyoteknolojik Tekniklerin Uygulanmasi, GTHB Arastirma -
Gelistirme Destekleri, Proje Sonu¢ Raporu, TAGEM/10/Ar-Ge/18, Trabzon.

Schlitzer, R. (2023). Ocean Data View. https://odv.awi.de

Tabak, 1., Aksungur, M., Zengin, M., Yilmaz, C., Aksungur, N., Alkan, A., Zengin, B. & Misir, M.
(2001). Karadeniz Alabaligimin  Biyo-Ekolojik ~ Ozelliklerinin ve Kiiltiir  Imkanlarinin
Aragtirilmast. Proje Sonu¢ Raporu. TAGEM/HAY SUD/98/12/01/007, Trabzon.

Thomas, J. D. (1964). Study on the growth of trout, Salmo trutta from four contrasting habitats.
Proceedings of the Zoological Society of London, 142, 459-510. https://doi.org/10.1111/j.1469-
7998.1964.th04510.x

Toledo, M., Lemaire, A. L., Bagliniere, J. L. & Brana, F. (1993). Caracteristiques biologiques de la
truite de mer (Salmo trutta) au nord de I’Espagne, dans deux rivieres des Asturies. Bulletin
Francais de Peche et de Pisciculture, 330, 295-306. https://doi.org/10.1051/kmae:1993008

TUIK, Turkish Statistical Institute (2022). Fisheries Statistics. https://data.tuik.gov.tr/Bulten/Index

Von Bayer, H. (1910). Method of Measuring Fish Eggs, Bulletin of The Bureau of Fisheries.
Washington, U.S.A.



https://doi.org/10.1134/S1062359011020075
https://doi.org/10.2307/3795940
https://doi.org/10.1016/0306-4492(78)90021-7
https://odv.awi.de/
https://doi.org/10.1111/j.1469-7998.1964.tb04510.x
https://doi.org/10.1111/j.1469-7998.1964.tb04510.x
https://doi.org/10.1051/kmae:1993008
https://data.tuik.gov.tr/Bulten/Index

