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ABSTRACT
This study aimed to improve some culture characteristics of Black Sea salmon (Salmo labrax) culture 
generations through a classical selective breeding program. Thus, the success of the applied 
program was examined by comparing the reproduction time and proportional distribution of the 
wild broodstock (F0) individuals with the F1, F2, F3 and F4 generation broodstocks adapted to the 
culture conditions. According to the results, gamete uptake from the new generations occurred 
between October and February. The highest egg uptake was determined for all generations in 
December. While the difference between wild (F0) broodstock and F1, F2, F3, and F4 generations was 
statistically significant in favor of new generations (P<0.05), the difference was insignificant between 
hatchery origin-new generations. Mean egg diameters were low in F2 and F3 generations, and F0, 
F1 and F4 generations were found to be higher than the others (P<0.05). It was calculated that the 
fertilization rate was higher in F3 and F4 generations, similar in F1 and F2 generations, and lower in 
F0 generation than the others (P<0.05) at the end of the study. Through the selection program, it 
was determined that the adaptation of the species to the culture conditions improved, the reaction 
to human activities declined, and homogeneous distribution in tanks/ponds was relatively achieved 
from the F2 generations. As a result, it has been determined that F4 generation broodstock have 
higher culture performance than other generations. Producers of this species should use F4 
broodstock for efficient and economical production. 

Keywords: Salmo labrax, Black Sea salmon, breeding characteristics, broodstock management, 
selection program

INTRODUCTION

Black Sea salmon (Salmo labrax PALLAS, 1814), 
also known as Black Sea trout, is an endemic 
species to the Black Sea from the brown trout 
family (Tabak et al., 2001). Black Sea salmon, as 
an anadromous fish, migrate between sea and 
rivers for reproduction and feeding (Slastenen-
ko, 1956; Svetovidov, 1984; Geldiay & Balık, 
1996; Solomon, 2000). The natural distribution 
area of the Black Sea salmon is the Black Sea 
and the rivers pouring into it (IUCN, 2016). 
However, Black Sea salmon is listed as an en-

dangered species according to several local 
Black Sea countries’ databases (GRID, 1999; 
Lusk et al., 2004; Vassilev & Pehlivanov, 2005; 
Peev et al., 2011). The decrease in the natural 
stocks of Black Sea salmon has also directed re-
searchers to aquaculture studies for ex-situ 
conservation of the species.

The first cultivating study of this species was initi-
ated by the Central Fisheries Research Institute 
(SUMAE) in 1998. Tabak et al. (2001) created a 
wild (F0) broodstock born in rivers in Turkiye, dis-
charged it into the Eastern Black Sea in 1998, and 
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obtained F1 progeny in the first reproduction season in the same 
year. In 2001, a selective breeding program was initiated with stud-
ies to determine the species’ culture characteristics, with high con-
sumer demand for starting commercial cultivation. When creating 
the broodstock for each generation, some specific characteristics 
of the species and culture conditions were considered primary tar-
gets. These characteristics were rapid growth, feed utilization effi-
ciency, body form, late maturity (3 years), appearance (silver-spot-
ted coloration for marine ecotype), reproductive efficiency, survival 
rate, and domestic behavior. After 15 years of research and study, 
the F4 generation broodstock was achieved. The private sector 
supported the study with the F3 generation broodstock to expand 
the species’ cultivation (Çakmak et al. 2011). Along with these stud-
ies, Aksungur et al. (2013) conducted a study called “The use of 
molecular genetic analyses in stock management of Black Sea 
salmon.” In that study, molecular genetic analyses (microsatellite, 
sequence analysis of mtDNA genes (cyt-b, dloop and 16S)) were 
performed on 600 tissue samples taken from 18 private farms pro-
ducing Black Sea salmon, including SUMAE, and it has been deter-
mined that natural genetic variation continues in the broodstock of 
SUMAE within some farms. With the success of these studies, now-
adays Black Sea salmon has great economic importance (Kasapoğ-
lu et al., 2020) due to its rich nutritional value and high consumer 
demand (Çankırılıgil et al., 2020; 2022). According to the data from 
the Turkish Statistical Institute, 19 private aquaculture facilities are 
culturing the species professionally, and 63 private enterprises have 
trial production permits to raise the species in Turkiye. The total 
production reached 2311 tons/year (TSI, 2021).

This study discusses the selective breeding program, which plays 
a significant role in bringing Black Sea salmon into the aquacul-
ture sector and making it a significant part of the seafood indus-
try. The success of the program was examined by comparing the 
spawning time and proportional distribution of the wild brood-
stock (F0) individuals and F1, F2, F3 and F4 generation broodstocks 
during breeding season, which were caught from some streams 
in the Eastern Black Sea Region and adapted to the culture con-
ditions. In the literature review that was conducted, no previous 
study was found regarding the selection program for this spe-
cies. This research study is the first and most comprehensive 
broodstock selection study, starting from the wild stock and pro-
gressing for 4 generations of Black Sea salmon.

MATERIAL AND METHODS

Sampling studies and adaptation
The wild broodstock individuals were caught from the Black Sea 
salmon’s natural habitats, such as Kapistre, Çağlayan, Fırtına, İy-
idere, Baltacı, and Solaklı streams. To form the broodstock pool, 
3000 fish (±5) at approximately 2+ (34 months) years old were 
caught and transferred to adaptation units located in Trabzon, 
Türkiye. Sampling stations and locations of research units are 
shown in Figure 1. The adaptation study was conducted in the 
Central Fisheries Research Institute (SUMAE) marine cages re-
search unit, which is composed of 4 m x 4 m square cages with 6 
m net depths, in Yomra/Trabzon (salinity 0.17% and water tem-
perature ranging from 5 to 20°C). In this study, 2328 of the 3000 
individuals that adapted to culture conditions were used as the 
first broodstock candidates.

Broodstock selectivity program
In forming F0 broodstock, 650 promising individuals were select-
ed from the 2328 adapted fish, and the first stock was achieved. F1 
generation juvenile fish were obtained by stripping wild individu-
als (F0) in 1998. These juveniles were used in the establishment of 
the F1 broodstock. The F2 generation broodstock was created 
from the juveniles obtained by stripping 3-year-old F1 broodstock 
in 2001. Individuals obtained from the second breeding season (4 
years old) from F2, F3, and F4 generation broodstocks were used 
as the broodstock material for the next generation. Broodstock 
reaching 7 years of age were removed from the breeding stock 
(Çakmak et al., 2018).  Fish with low sperm quality were not used 
in the subsequent studies. Sperm quality was determined visually, 
considering sperm volume and sperm activity via a light micro-
scope. In addition, in each generation, some individuals were dis-
carded from the pool due to the reproductive performance of the 
previous year (egg yield, gonad size, fertilization ratio, etc.) and 
observations. New broodstock candidates were added to the 
stock to maintain the number of 650 individuals in each genera-
tion. Finally, some individuals with low body condition and low 
egg quality who did not develop gonads or developed late go-
nads in the stripping studies were also excluded from the study. 
Thus, in this study, the data of 59 females (1360.4±821.06g) and 45 
males (1526.8±150.50g) from F0 broodstock, 167 females 
(1392.6±780.22g) and 182 males (1526.8±150.50g) from F1 brood-
stock, 118 females (1210.8±555.66g) and 136 males 
(1252.62±85.45g) from F2 broodstock, 159 females 
(1663.4±566.87g) and 171 males (1268.44±113.65g) from F3 
broodstock, and 132 females (1252.1±707.01g) and 148 males 
(1509.6±122.46) from F4 broodstock were used. The broodstock 
selectivity program is shown in Table 1.

Stripping studies and rearing
In stripping studies, firstly, fish were marked using individual 
markers to determine their reproductive and growth perfor-
mance. While alphanumeric markers (Visible implant tags, North-
west Marine Technology) were used to mark the F0, F1, and F2 
generations, electronic markers (Biomark, 12 mm, 134 kHz) were 
used for the F3 and F4 generations in the reproduction season, 
which spanned October to January. The alphanumeric markers 
were applied to the transparent tissue above the eyes, whereas 
electronic markers were applied to the muscle tissue located be-
low the dorsal fin. Markers and the application procedure are 
shown in Figure 2.

The breeding season of the Black Sea salmon in the natural envi-
ronment starts in mid-October and continues until the end of 
December (Tabak et al., 2001). In this study, broodstock control 
for reproduction started in the first week of October each year 
following the natural reproduction cycle. Egg maturity controls 
were made weekly during the breeding season. Individuals that 
had matured gonads were taken into separate ponds for strip-
ping. Breeding studies were conducted in the SUMAE marine 
cages research unit (salinity 0.17% and water temperature 5-20°C) 
and in the stream research unit, which has circular ponds with 6m 
diameter and 1.2 m depth in the Maçka/Trabzon freshwater unit 
(water temperature 4-22°C), between 1998 and 2016. Changes in 
the water temperatures were shown in Figure 3. Broodstock was 
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anaesthetized by applying 50 ppm benzocaine (Oswald, 1978) 
for height-weight measurements and effortless stripping. Strip-
ping was done via the dry stripping method (Billard, 1992). Multi-
ple mating method (3 (F):3 (M)) was applied in fertilization. 25 
minutes after fertilization, the eggs were washed with hatching 
water, and the residues were removed. Fertilized eggs were 
transferred to the vertical incubators in the freshwater system 
with the 4-6 egg/cm2 stock density at 8-9.5 mg/lt saturated O2 
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Figure 1.  Locations of facilities and sampling stations. S: 
Central Fisheries Research Institute (SUMAE), M: 
Marine cage unit, F: Freshwater aquaculture unit, S: 
Sampling stations 1 to 6 (From east to west, Kapistre, 
Çağlayan, Fırtına, İyidere, Baltacı and Solaklı 
streams, respectively). The sampling station map 
was prepared with Ocean Data View software 
(Schlitzer, 2021).

Figure 2.  Markers used in the marking of broodstock and their 
application areas (a-b: alphanumeric markers, c-d: 
electronic markers).

Figure 3.  Water temperature changes on the marine cage 
research unit and Altındere freshwater unit.
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and 12ºC until hatching within 38-40 days. Fry were raised in 
freshwater units up to smolt length (11.5 cm, 17gr). In the fresh-
water research unit, water exchange was provided 18-20 times a/
day in the breeding ponds. After stripping, the fish were trans-
ferred to marine cage units and kept until June. In June, fish were 
transferred to the freshwater units due to increasing sea water 
temperature (≥18°C) till the reproduction period. In this stage, 
Salmo labrax reached approximately 30.30±1.63cm in length and 
335.50±44.39g in weight in the 8 month span (Çakmak et al. 
2007).  The stock density was applied as 15 kg/m³ in both marine 
cages and ponds. The cultivation procedure was carried out ac-
cording to the study of Çakmak et al. (2010), based on observa-
tions gained in domestication studies of the Salmo labrax.

Determination of gamete quality and growth parameters
Total length of broodstock was measured with a ruler with a pre-
cision of 0.1, while body weight (W) and total egg weights were 
measured with a precision scale. Total egg weight was deter-
mined by weighing the dehydrated eggs for each broodstock. 
Average egg diameters were determined by scaling 20 eggs for 
each broodstock in a Von Bayer vessel (Von Bayer, 1910) and cal-
culated by dividing the total number of eggs. Total fecundity was 
determined using Arıman Karabulut’s method (2005). The fertil-
ization rate was calculated by proportioning the remaining eggs 
(fertilized eggs) to the total number of eggs (Çakmak et al., 2018). 
Eggs were placed in incubators fed with spring water filled 
through vertical flow, using separate trays for each broodstock. 
Eggs that became opaque one day after fertilization were con-
sidered unfertilized and were counted and removed. Condition 
factor was calculated according to Ricker (1975). Commercial 
trout feed was used for fish consumption. The equations of fe-
cundity, fertilization rate, and condition factor are shown below:

Total fecundity = n/W
n: Total egg count, W: Weight of the individual after stripping (g).     

Fertilization rate = (W1/W0) × 100
W: Weight (g), L: Length (cm).                      

Condition factor = (W÷L3) × 100
W: Weight (g), L: Length (cm).                      

Statistical analysis
All data were expressed as mean ± standard deviation (SD). Ob-
tained data were analyzed by performing one-way ANOVA using 
the SPSS 15 statistical analysis program. Differences between 
means were compared using Duncan’s multiple range test. The 
homogeneity was determined by the Levene test, while normali-
ty was determined by the Anderson-Darling test. Mean values 
between groups were accepted as statistically significant when 
the probability value found smaller than 0.05 was accepted as 
(P<0.05).

RESULTS AND DISCUSSION

The temporal and proportional distribution of F0, F1, F2, F3, and F4 
generation broodstocks stripped during the reproduction peri-
od is shown in Figure 4. Stripping of wild individuals adapted to 
the culture conditions (F0) started at the end of October and con-
tinued until mid-February. During the reproduction season, 

10.17% of the wild broodstock were stripped in October, 22.04% 
in November, 47.45% in December, 13.56% in January and 6.78% 
in February (mean values of the years of 1998-2001). The breed-
ing period of F1, F2, F3, and F4 generation broodstocks was com-
pleted in a shorter period than the wild broodstock. F1, F2, F3, and 
F4 generation broodstocks were stripped at the rate of 28.74%, 
16.94%, 32.08%, and 38.63% in November, 61.07%, 68.64%, 
56.60%, and 42.42% in December, 10.17%, 12.71%, 6.91%, and 
12.87% in January, 1.79%, and 1.69%, 4.40%, and 6.06% in Febru-
ary, respectively. Brown trout spawn between October and De-
cember in the northern hemisphere (Needham, 1945; Horton, 
1961; Thomas, 1964; Moyle, 1976). Tabak et al. (2001) stated that 
the reproductive season of the Black Sea salmon starts in No-
vember and continues to mid-December in nature. Salihoğlu et 
al. (2013) report that the spawning season of the rainbow trout 
(Oncorhynchus mykiss) is between late December and late Feb-
ruary. Similarly, Kurtoğlu et al. (1998) report that stripping of rain-
bow trout broodstock started in mid-January and continued until 
the first quarter of March. In this study, stripping of wild individu-
als (F0) adapted to the culture conditions started at the end of 
October and continued until mid-February. The breeding season 
of F1, F2, F3, and F4 generation broodstocks started in November 
and ended in February. F4 generation broodstock was mature 
enough to be stripped at the rate of 38.63% in November, 42.42% 
in December, 12.87% in January, and 6.06% in February. Unlike 
the wild population, the stripping season of the F4 generation 
broodstock obtained through the selection program starts one 
month after the stripping season of the brown trout in the north-
ern hemisphere and continues for a long period of four months. 
The reproduction time of most of the F4 generation broodstock 
(81.05%) is between November and December, which does not 
overlap with the rainbow trout production period. In this case, 
businesses can have an advantage in using hatcheries. In addi-
tion, the preference of compressing the breeding period to a 
shorter time interval or spreading it over a long period in the nat-
ural environment can be possible by implementing good man-
agement plans.

Some biological parameters of broodstock individuals are shown 
in Table 2 and Table 3. Fecundity was found to be lower than oth-

Figure 4.  Temporal and proportional distribution of F0, F1, F2, 
F3 and F4 generation broodstocks stripped during 
the reproduction period.
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ers in native broodstock (F0) adapted to culture conditions and 
similar in F1, F2, F3, and F4 generation broodstocks (P<0.05). There 
is no statistical difference between egg yields of F0, F1, and F2 gen-
eration broodstocks (P>0.05). However, the total egg yield of F3 
and F4 generation broodstocks were statistically higher than that 
of the others (P<0.05). The largest egg diameters were observed 
in F0, F1, and F4 generation broodstocks among all groups (P<0.05). 
Egg yield and size of fish are affected by various factors. The most 
important of these are broodstock size, age, genotypic structure, 
and feeding conditions (Bromage et al. 1990, 1992). In salmonids, 
larger females generally produce larger eggs especially in the cul-
ture environment (Sargent et al., 1987; Hatcher et al., 1995). Total 
egg production and egg diameter values were similar to the val-
ues found for wild Black Sea salmon broodstock, but they were dif-
ferent from the other studies mentioned above. In all broodstock 
groups, total egg production increased in direct proportion to fish 
size. Heinimaa & Heinimaa (2004) stated that the size of female At-
lantic salmon had a positive effect on the total number of eggs, as 
expected. Furthermore, Şahin et al. (2007) stated that there is a 
positive correlation between fish size and total fecundity in cul-
tured Black Sea salmon, while a negative correlation exists in wild 
individuals. In a study by Iwamoto et al. (2017) about selective 
breeding of the Coho salmon (Oncorhynchus kisutch), egg yield is 
increasing parallel with weight increase of the individuals, espe-

cially in the 16th and 17th generations. Thus, in this study, the high 
egg yield of F3 and F4 generation broodstocks was because the 
broodstock used was larger than the others. Brown & Kamp (1941) 
determined the egg yield as 1285 eggs/broodstock, and the egg 
diameter was 4.64 mm for brown trout in their study. Toledo et al. 
(1993) studied the reproductive data of 24 brown trout broodstock 
and found that the egg yield was 1176 eggs/broodstock and the 
egg diameter was 4.67 mm. Estay et al. (2004) determined the to-
tal egg production, relative egg production, and egg diameter of 
the culture from brown trout as 1904±595 eggs/broodstock, 
2591±900 eggs/kg, and 4.77±0.27 mm, respectively. Tabak et al. 
(2001) report that the total egg yield of wild Black Sea salmon 
broodstock was 3226±320 eggs/broodstock, the relative egg yield 
was 1747±70 eggs/kg, and the egg diameter was 5.48±1.10 mm. 
Serezli et al. (2010) reported that Black Sea salmon has 1404 eggs/
kg total fecundity and 4.51±0.67 egg mm diameter. In another 
study, total fecundity and egg diameter were determined to be 
3524.6±2106.9 and 5.2±0.20 in wild fish and 1931.3±915 and 
5.0±0.24 in cultured fish, respectively (Şahin et al., 2007). Our re-
sults are similar to other studies.

The fertilization rates of F1 and F2 generation broodstocks were 
statistically the same (P>0.05), and the lowest fertilization rate 
was determined in the wild broodstock eggs (P<0.05). However, 
in the F3 and F4 generations, fertilization rate was determined to 

Table 2. Some biological parameters of male individuals were used in the study.

Parameters 

Filial Generations

F0 

(n=45)
F1 

(n=182)
F2 

(n=136)
F3

(n=171)
F4 

(n=148)

L

(Min-Max)

49.60±1.58
(34.8-68.2)

44.8±0.99
(35.5-56.5)

46.68±1.04
(35.2-58.6)

46.88±1.38
(34.7-56.9)

50.4±1.74
(43.1-59.1)

W

(Min-Max)

1526.8±150.50
(562-3603)

1526.8±150.50
(562-3603)

1252.62±85.45
(561-2326)

1268.44±113.65
(479-2207)

1509.6±122.46
(1058-2210)

CF

(Min-Max)

1.13±0.01
(0.97-1.26)

1.12±0.02
(0.93-1.27)

1.19±0.01
(0.99-1.31)

1.17±0.02
(1.01-1.31)

1.17±0.06
(1.00-1.64)

L: mean length (cm), W: mean weight (g), CF: condition factor.

Table 3. Reproduction yields of F1, F2, F3 and F4 generation Black Sea salmon broodstocks.

Filial Generations

Parameters 
F0 

(n=59)
F1 

(n=167)
F2 

(n=118)
F3 

(n=159)
F4 

(n=132)

L 49.99±10.24bc 50.13±0.78b 47.84±7.44c 53.98±6.17a 52.48±7.06a

W 1360.42±821.06b 1392.60±780.22b 1210.78±555.66b 1663.42±566.87a 1584.25±820.46a

TEW 248.76±156.05c 294.11±170.29b 236.88±116.01c 348.72±131.75a 327.40±160.43a

EW 0.096±0.01a 0.096±0.01a 0.088±0.01c 0.091±0.01b 0.097±0.01a

ED 5.46±0.37a 5.52±0.34a 5.21±0.38b 5.21±0.28b 5.45±0.21a

EC 2789±1756b 3202±1665b 2916±1472b 3964±1405a 3664±1220a

TF 2159±739b 2428±709a 2512±898a 2436±593a 2417±586a

FR 93.46±5.35c 95.28±6.29b 95.74±4.70b 98.25±1.87a 98.25±1.81a

CF 0.990±0.158a 1.010±0.087a 0.988±0.098a 1.021±0.102a 0.992±0.076a

L: mean length (cm), W: mean weight (g), TEW: total egg weight (g), EW: the weight of one egg (g), ED: egg diameter (mm), EC: egg count, TF: total fecundity, FR: 

fertilization rate (%), CF: condition factor. Different letters on the same line indicate the statistical difference in the mean values (P<0.05).
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be highest (P<0.05). It is a fact that the fertilization rate of the 
Black Sea salmon was improved with the selective breeding pro-
gram throughout the years. In addition, the fertilization rates of 
F3 and F4 generations’ eggs were found to be similar to the cul-
tured rainbow trout and brown trout, according to the literature. 
Tabak et al. (2001) found that the fertilization rate of wild Black 
Sea salmon eggs is 97.76%. In other research, Estay et al. (2004) 
reported the highest fertilization rate as 98.5% for cultured brown 
trout. Salihoğlu et al. (2013) found the average fertilization rate of 
eggs obtained from rainbow trout broodstock to be 98.7% in a 
study they conducted in a private enterprise in the Eastern Black 
Sea region of Turkiye.

Condition factor values were found to be statistically the same in 
all broodstock groups (P>0.05). Condition factor indicates the 
general fattening status of the fish, and it can be changed with 
feeding, gonadal development, and some abiotic factors (Liza-
ma & Ambrosio, 2002). In this study, environmental conditions 
and feeding regime were kept as constant as possible, and 
broodstock candidate fish were selected from individuals with 
the high condition. Therefore, it was expected that there will be 
no difference between the groups in terms of condition factor 
values.

CONCLUSION 

In the selective breeding programs applied to improve culture 
characteristics of the species, qualitative characteristics as well as 
quantitative ones are crucial. In the first generation, some undo-
mestic behaviors, such as escaping from humans, feeding on the 
bottom rather than the water column, cannibalism, which rises 
with starvation, and the response to instant changes in the envi-
ronment (transportation process, salinity, temperature) were im-
proved gradually through the selective breeding study conduct-
ed over 15 years. Garner et al. (2010) stated that the breeding 
method and rearing environment directly affect salmon growth 
and behavior. 

The broodfish displaying an overall reduced sensitivity to envi-
ronmental conditions are likely to grow faster through feeding 
more, thereby propagating their traits to the next generation 
(Solberg et al., 2020). Thus, undomestic behaviors can be re-
duced with selective breeding programs, as in our study. It was 
also observed that timid behaviors in the F0 generation in re-
sponse to human activities decreased as the generation pro-
gressed over time and the adaptation to culture conditions in-
creased. In addition, a relatively homogeneous distribution has 
been achieved in the tanks/ponds since the F0 and F1 genera-
tions. General movement of the fish to the feeder’s side during 
feeding and feed intake from the water surface, water column, 
and bottom were also seen. The second stripping requirement 
was seen in the first generation broodstock in the stripping sea-
son, gradually decreasing as the new generations progressed. 
Feeding with the appropriate diet and establishing a broodstock 
from the eggs stripped in the first stripping in selective breeding 
may be effective for adapting to the culture conditions. Future 
studies should be carried out to clarify this situation. According 
to Chavanne et al. (2016), in addition growth and fecundity, feed 
efficiency, morphology, disease resistance, carcass yield, and 

product quality are also important traits for the salmonids. With 
the experience and knowledge gained through this study, future 
studies on salmon breeding can close the gaps in these areas. 

In conclusion, it was determined that the selectivity program car-
ried out with the Black Sea salmon caused a positive effect on 
the reproductive performance of the fish. Considering the high 
demand for the Black Sea salmon culture, due to high market 
value and consumer appreciation compared to other Salmoni-
dae species, the progress gained through this study is vital. Ap-
plying a breeding program to improve the culture characteristics 
of this species, whose culture is spreading rapidly, is essential for 
business management and profitability. We believe that our find-
ings play a beneficial role in future work, and that the results will 
interest all researchers while highlighting Black Sea salmon (Sal-
mo labrax) as a valuable food source.
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