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Abstract. African catfish Clarias gariepinus (Burchell, 1822) is one of the promising objects of cultivation in fresh-
water commercial aquaculture in Russia. To date, two breeding achievements are registered in the list of the Ministry of
Agriculture of the Russian Federation: the Mikhailovskaya breed of African catfish and the Tamanskaya breed group,
which have high production and adaptive characteristics. This paper considers the possibility of increasing the efficiency
of fish production from African catfish by using hybrid groups of catfish obtained by crossing Mikhailovskaya and Ta-
manskaya group. Based on the results of the analysis of growth performance, morphometric and production characteris-
tics, the superiority of the first-generation hybrid offspring in some indicators relative to the data of the original parental
forms was revealed. Thus, crossing between the two lines showed an increase in the average growth rate of length and ab-
solute weight gain of F; hybrids compared to the average indicator of the parents (p < 0.05). In the analysis of the princi-
pal components of morphometric measurements and indices, the first component (PC1) was responsible for 25.6% of the
total data distribution, the second component (PC2) for 16.3% of the shape variations among the samples, which indicates
the phenomenon of heterosis in the obtained group due to the high variability of morphotypes in the offspring. According
to the results of morphometric analysis, the superiority of the first-generation hybrids in terms of the length of the dorsal
and anal fins (by 15.6 and 9.3%) was revealed compared to the Mikhailovskaya breed (p < 0.05). According to the pro-
duction indices, F; hybrids are more attractive for processing due to the shorter head length, greater length, height and
volume of the body.
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Tosapuas akeakynomypa u UCKyCCMEEHHOe B0CHPOU3B00CMEO SUOPOOUOHMOE

AnHoTamms. Adpukanckuii kiapuesblii com Clarias gariepinus (Burchell, 1822) siBnsiercst omHUM K3 NEPCHICKTHUB-
HBIX 0O0BEKTOB BBIPAIBAHUS B IIPECHOBOIHON TOBapHOH akBakyiabType Poccuu. Ha ceromusmnuii neHp B nepeyHe
MunucrepcTBa cenbekoro xossicra Poccuiickoit deaepanyy 3aperucTpUpPOBAHO /1BA CEJIEKLIMOHHBIX JOCTH)KEHUS:
nopoza adpukanckoro coma «MuxaitnoBckas» U nopoanas rpymmna «TamaHckas», oOnagaiolme BBICOKUMU TPOIyK-
LOUOHHBIMH U aJJallTHBHBIMH XapaKTepUCTHKaMH. PaccMaTpuBaeTcss BO3MOXKHOCTD IOBBIIIEHHS 3()(EKTUBHOCTH IIPO-
H3BOJICTBA PHIOONPOIYKINH 13 aQpPUKAHCKOTO COMA ITOCPEACTBOM HCHONIB30BAHUS THOPUAHBIX TPYII COMOB, IOJTY-
YEHHBIX IYTEM CKpPEIIUBAHUS «MHXAHIOBCKHX» M «TaMaHCKuX» ocobOeil. Ilo pesynpraram aHamms3a peIOOBOIHO-
Ononornuecknx, MOpHOMETPUIECKUX U MPOIYKIIMOHHBIX XapaKTEPHUCTUK OBLIO BHISIBICHO IPEBOCXOJICTBO THOPHIHO-
TO MOTOMCTBA MEPBOTO TMOKOIEHUS MO HEKOTOPHIM MOKA3aTeNsM OTHOCHTEIBHO JaHHBIX MCXOIHBIX POJUTEIBCKUX
(dopm. CkperunBaHue MEXIy IBYMs JIMHUAMU [I0KAa3aJI0 YBEJINYCHUE CPEIHEI CKOPOCTH POCTa JUIMHBI ¥ aOCOIIOTHOTO
npupocTa Maccsl omeceil F| mo cpaBHeHuIo co cpennum nokaszarenem poxurenei (p < 0,05). B ananuse riaBHBIX
KOMIIOHEHT MOP(HOMETPUUECKUX MPOMEPOB M HHIEKCOB nepBas kommoHeHTa (PC1) oTeuana 3a 25,6 % ot obmero
pacrpeneneHus JaHHEIX, Bropast komnonenta (PC2) 3a 16,3 % Bapuaruii GopMBI cpeii BEIOOPOK, YTO yKa3bIBaeT Ha
SIBJICHHE T'eTepo3uca B ITOJIyYECHHOH IpyNIe U3-3a BBICOKOI BaprabensHOCTH MOp(HOTHIIOB Y HoToMcTBa. I1o pesyis-
TaTaM MOpP(OMETPHIECKOT0 aHaIn3a OBUIO BBISBICHO MPEBOCXOACTBO THOPHUIOB IIEPBOTO TIOKOJICHUS 110 TIOKa3aTelsIM
JUTMHBI CIIMHHOTO U aHAJIBHOTO IUTaBHUKOB (Ha 15,6 1 9,3 %) 1o cpaBHEHUIO ¢ «MUXAMIIOBCKOI» nopoaoii (p < 0,05).
CorlacHO IPOIYKIMOHHEIM HHAEKcaM rubpunsl Fi Gosee mpuBiekaTe bHBI I epepadOTKH 3a CUeT MEHBIIECH IJIH-
HBI TOJIOBBI, OOJIbIIEH ATMHBI, BBICOTHI U 00BbEMa TYJIOBHUIIA.

KiroueBbie cjioBa: TuOpUIHOE TOTOMCTBO IIEPBOTO IOKOJIEHHMS, aQpPUKAHCKUHA COM, MOp(pOMETpUYECKHE MOKa3aTe-
JIM, NPOAYKTHBHOCTb, HHIEKCHI, F
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Introduction

The African catfish Clarias gariepinus (Burchell,
1822) has been successfully farmed in Russia since the
early 2000s, but has become more widespread since
2010 and is considered a profitable business. Its natu-
ral habitat is lakes, reservoirs, and rivers in sub-
Saharan Africa, South America, Southeast Asia, and
Europe [1, 2]. Aquaculture farming of clarias catfish is
practiced in more than 55 countries worldwide [3].
This species gained wide popularity thanks to the high-
ly productive line bred in Belgium and the Nether-
lands, known as “Dutch Clarias”, and subsequently
transferred to farms in the Central African Republic,
South Africa, Cote d'Ivoire, and Nigeria [4-6]. African
catfish have a wide range of beneficial biological
properties, including rapid growth rate, disease re-
sistance, and tolerance of high stocking density [7].
The fishery development of African catfish in Russia
began in the 90s of the 20th centuries through the im-
port of fish from Netherland, and since 2017 the Mi-
khailovskaya breed (patent No. 9064) was obtained,
and since 2019 the Tamanskaya breed group (patent
No. 10639).

Hybridization of African catfish is one of the most
effective methods for creating new lines of fish with
improved characteristics in world practice. In 1988 it
was possible to cross C. gariepinus with a local catfish
species C. microstomus in Thailand and obtain a hy-
brid that combines the positive qualities of both par-
ents, such as increased resistance to diseases and faster
growth [8]. Similar beneficial properties are demon-

strated by other interspecific hybrids: Clarias batra-
chus and C. gariepinus [9]; C. macrocephalus and
C. gariepinus [10]; C. fuscus and C. gariepinus [11].
Crossing lines of African catfish belonging to different
ecological zones can have a significant impact on the
hybrid offspring. Such interspecific and interline
crossing can improve the reproductive qualities of the
offspring due to an increase in heterozygosity, which
prevents the manifestation of unfavorable recessive
traits. The principles of selection in aquaculture are
based on the analysis of the main phenotypic and ge-
netic variations of the objects of study, including tak-
ing into account the fish-farming and biological pa-
rameters of growth and development of aquatic organ-
isms [12, 13]. Hybrids, due to the phenomenon of het-
erosis, can exhibit various advantages, such as higher
growth rates, improved fertility, increased viability and
resistance to diseases.

Long-term breeding using the same type of African
catfish strains can lead to a loss of genetic variabili-
ty [14]. Heterozygosity decreases in the offspring ob-
tained as a result of crossing between related individuals,
which leads to a decrease in growth performance, fertili-
ty and viability due to inbreeding depression [15, 16].
Despite the potential advantages of interline hybridiza-
tion, there are also negative effects — a decrease in the
quality of sexual products, low reproductive capacity,
sterility [17]. In particular, this concerns the introduc-
tion of genetic material from different populations,
leading to a decrease in hybrid growth strength or dis-
ease resistance if the individuals used as producers do
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not have the necessary adaptive qualities for a particu-
lar region of cultivation. For example, in African cat-
fish strains in Thailand, due to frequent crossing of
wild and domesticated populations, outbreeding de-
pression was found in the resulting offspring, leading
to losses in production efficiency [18]. This highlights
the importance of careful selection of parental forms to
achieve desired results in aquaculture.

The aim of this study is a comparative analysis of
the fish-biological, morphometric and production pa-
rameters of first-generation African catfish hybrids and
the original parental forms of the Mikhailovskaya and
Tamanskaya breeds.

Materials and methods

African catfish Clarias gariepinus (Burchell, 1822)
of the Mikhailovskaya breed (patent No. 9064), Ta-
manskaya breed group (patent No. 10639) and their
hybrid offspring (9 Mikhailovskaya x & Tamanskaya)
of the first (F;) generation were kept on the basis of
the infrastructural resources of the unique scientific
installation (USI) of the NTI of the Russian Federation
Reg. No. 3662433 — “Research Complex of Advanced
Technologies in Aquaculture and Hydroecology” of the
Faculty of Biotechnology and Fisheries, Moscow State
University of Technologies and Management named
after K. G. Razumovsky (FCU). The fish were kept in
RAS tanks with a volume of 3 000 | at average stocking
densities (30 kg/m’). In the RAS tanks, hydrochemical
parameters (¢ °, O,, pH, NO,, NO3;, NH,, PO,4) are moni-
tored daily according to ER F. 14.1: 2: 4.112-97; ER
52.24.394-95; ER F 14.1: 2: 4.4-95; ER F 14.1: 2: 43-95.
Fish were fed twice a day with specialized feed for cat-
fish according to their age and weight characteristics
(extruded production feed for catfish 4-6 mm (Russia)).

Fish farming and biological studies were conducted
on four groups of catfish at the initial stage of the
study: parental individuals of the Mikhailovskaya
breed (weight 388.5 = 7.7 g, length 32.3 + 0.6 cm,
n = 15) (Mikhailovskaya group); Tamanskaya (weight
381.1 £ 8.1 g, length 31.3 £ 1.5 cm, n = 15) (Taman-
skaya group) and F; hybrids (weight 394.8 + 4.7 g,
length 31.7 + 1.5 cm, n = 15) (F, Hybrid group). For-
ty-five individuals were taken for the study. Fish farm-
ing and biological parameters were measured using
generally accepted methods [19, 20]. The absolute and
relative weight and length gain, absolute, relative and
specific weight and length growth rate, mass accumu-
lation coefficient were studied and the feed coefficient
and survival rate were calculated. To ensure statistical
accuracy, the fish farming and biological data were
presented for the period of growing all fish groups
lasting 1 month with a weight of 370 to 400 g with
a feeding rate of 2.7%.

Morphological studies were conducted on sexually
mature individuals: parental individuals of the Mikhai-
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lovskaya breed (weight 1 520 + 370 g, length 44.5 +
+ 5.7 cm, n = 15) (Mikhailovskaya group); Taman-
skaya (weight 3 950 + 302 g, length 57.3 + 4.3 cm,
n = 15) (Tamanskaya group) and F; hybrids (weight
2 040.4 + 2349 g, length 53.3 £ 49 cm, n = 25)
(F, Hybrid group). A total of 55 individuals were taken
for the study. Morphotype analysis was performed
according to the methodology [21]. A total of 20 exte-
rior parameters were measured: standard length (SL);
antespectral distance (PPD); head length (HL); ante-
dorsal distance (PDD); anteventral distance (PVD);
anteanal distance (PAD); dorsal fin base length (DFL);
pectoral fin length (PFL); anal fin base length (AFL);
body depth (BDA); tail base height CPD; body girth
(0); dorsal-caudal fin distance (DDCF); snout length
(SNL); interorbital distance (ID); eye diameter (ED);
head width (HW); distance to the occipital notch
(DSO); length of the occipital notch (OFL); width of
the occipital notch (OFW).

The production parameters of the experimental
groups were assessed using the following indices:
elongation (the ratio of the fish body length to its
height) (SL/BDA); high back (the ratio of the dorsal
fin length to the body length) (DFL/SL); compactness
(the ratio of the body girth to the length of the fish)
(O/SL); large head (the ratio of the head length to the
body length of the fish) (HL/SL), according to the
methodology [19].

Comparative data are presented as mean + standard
deviation. Statistical significance was determined us-
ing the nonparametric Kruskal-Wallis test according
to the distribution of data assessed using the Shapiro—
Wilk test. P value < 0.05 was considered statistically
significant. Statistical analysis was performed using
GraphPad Prism software version 9.0 (GraphPad, San
Diego, CA, USA). Principal component analysis
(PCA) was performed on the morphometric data set
and indices using the R (v3.5.2)/RStudio software
package [22] and the factoextra v 1.0.7 package [23].
For the purpose of data normalization, the features
characteristic of the trunk region (PPD, PDD, PVD,
PAD, DFL, PFL, AFL, BDA, CPD, DDCF) were con-
verted into percentages of the standard body length
(SL), and the features characteristic of the head region
(SNL, ID, ED, HW, DSO, OFL, OFW) were converted
into percentages of the head length (HL).

Results

Growth performance. After a month of cultivation
in RAS conditions, the first-generation hybrids
reached a final weight of at least 620 g, which signifi-
cantly exceeded the weight of Mikhailovsky individu-
als by 12.4% and Tamansky individuals by 27.6%
(» <0.05) (Table 1).
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Table 1

Growth performance of parental and hybrid groups of C. gariepinus during a 1-month rearing period*

Parameters Experienced groups
Mikhailovskaya (n =15) | Tamanskaya (n =15) F; hybrid (n =15)

Initial weight, g 388.5+£7.7 381.1£8.1 394.8+4.7
Initial length, cm 323+£0.6 313+£1.5 31.7+£0.6
Final weight, g 575.6 £23.5° 507.1 £71.0° 647.3 £24.1°
Final length, cm 385+13 38.0+£1.0 403 +£0.6
Initial biomass, kg 5.8 5.7 6.0
Final biomass, kg 8.9 7.8 9.7
Body weight gain, g 187.1+27.9° 126.0 +49.8° 2525 £25.0°
Absolute increase in length, cm 6.2+0.8 6.7+£1.2 8.7+ 0.6
Absolute rate of weight gain, g/day 6.45+£0.9 435+£1.7 8.71+£0.8
Absolute rate of length gain, cm/day 0.21 £0.03 0.12 £0.04 0.3+0.02
Relative weight gain, % 482+7.8 342+£16.8 65.1£14.9
Relative increase in length, % 19.0 £2.0° 21.4+4.6% 273+2.1°
Relative rate of weight gain, %/day 1.34+£0.18 0.99 £0.41 1.68 £0.28
f;jlf;;ve rate of growth of length, 0.59 +0.05 0.66 +0.12 0.83 +0.05
Specific growth rate (weight), % 1.35+0.18 1.0 +0.42 1.72£0.31
Specific growth rate (length), % 0.6 +0.05° 0.67 +£0.13° 0.83 +0.06"
Mass accumulation coefficient 0.11+0.01 0.05 +0.06 0.14+0.02
Food conversion ratio, un. 1.2 1.17 1.4
Survival, % 92.0 92.0 94.0

* Note here and further: the p-value was calculated on the data set using the nonparametric Kruskal-Wallis test. Superscript letters (a, b, c)

indicate statistical significance between group differences at p < 0.05.

The absolute weight gain in the F; hybrid group
was also significantly higher compared to Mikhailov-
sky by 1.35 times and Tamansky by 2 times (p < 0.05).

Based on the results of the analysis of growth per-
formance, it can be noted that the studied data in the
group of first-generation hybrids are comparable with
the parent group of the Mikhailovskaya breed in terms
of absolute (6.45 to 8.71 g/day), relative (1.34 to

1.68%/day) and specific weight growth rate (1.35 to
1.72%), as well as relative weight gain (48.2 and 65.1%,
respectively).

Morphometric analysis. Comparative analysis of
morphometric measurements expressed as a percent-
age of the body and head length of fish are presented
in Table 2).

Table 2

Results of comparative analysis of relative data of morphometric measurements of hybrid groups
and parental individuals of C. gariepinus

Index Experienced groups
Mikhailovskaya (n = 15) Tamanskaya (n = 15) F; hybrid (n = 25)
SL, cm 44.6 +5.68 573+433 533+49
PDD, % SL 30.3+2.92 283 +7.29 33.5+2.05
PAD, % SL 46.5+54 498 +2.7 532 +4.91
PVD, % SL 40.4 +3,24° 43.9 + 1.65% 467 £2.79°
PPD, % SL 25.6+2.4 213 +0.96 235+4.74
DFL, % SL 55.2 +3.89° 61.1+1.77® 63.8 £3.74°
AFL, % SL 394 +8.62° 42.1 + 1.04%® 431+1.77°
PFL, % SL 11.5+1.27 12.3+0.95 11.7+1.28
DDCF, % SL 49+0.59 7.1+225 43+0.94
CPD, % SL 9.5+0.59 8.6+0.47 9.0+ 0.99
0, % SL 403 +3.23 373+2.73 40.2 +5.79
BDA, % SL 183 +1.46 172 +1.34 18.0+1.97
HL, % SL 234+1.6 244+2.73 245 +3.74
HW, % HL 13.9+£0.91° 18.2 + 1.45% 189+ 1.11°
SNL, % HL 31.0£2.87% 243+2.8° 29.5 +4.84°
ID, % HL 425+3.38 483 +3.94 48.6 +6.47
ED, % HL 6.1 +0.59 6.5+0.92 45+1.89
OFL, % HL 11.6 £2.96 12.3+0.33 149 +3.64
OFW, % HL 49+0.18° 4.7+0.52° 70+2.17°
DSO, % HL 59.5 +7.33° 62.4 £9.12% 83.5 + 13.41°
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According to statistical analysis, the first-generation
hybrids had a significant advantage over the Mikhai-
lovskaya group in the following parameters of the trunk
region: PVD (anteventral distance) and DFL (dorsal fin
length) are 1.15 times greater (by 15.6 and 13.4%), AFL
(anal fin length) is 1.09 times greater (by 9.3%). Head
section: HW (head width) is 1.35 times greater than
Mikhailovskaya (by 36%), SNL (snout length) is 1.2
times greater than Tamanskaya (by 21.3%), OFW (oc-
cipital notch width) is 1.4 and 1.5 times greater than
Mikhailovskaya (by 30%) and Tamanskaya (by 23%)
breed groups, respectively, DSO (distance to the occipi-
tal notch) is 1.4 times greater than Mikhailovskaya (by
28.7%).

However, the parental breed groups also had signif-
icant differences from the hybrids in the following
parameters: the Tamanskaya group had a greater
length of the distance between the dorsal and caudal
fins (DDCF) by 1.65 times (by 39.4%) compared to
the F, hybrids. Significant differences were also found

O = = m e e e - .- --- - -y e - - - == -]

in the eye diameter (ED). ED in F; hybrids was less
than Mikhailovskaya and Tamanskaya by 1.35 and
1.4 times (by 35.5 and 44.4%). Some morphometric
measurements did not have statistically significant
differences between the groups CPD (tail base height)
and ID (interorbital distance).

The F, specimen's measurements are superior to the
parent lines in all respects: a longer and wider body, an
elongated head, and also have significant differences
in the length and width of the occipital cavity.

In turn, based on the results of the principal compo-
nent analysis, three clusters are identified on the graph of
projections of the original and hybrid forms of the clariid
catfish, the first of which is formed by the parental indi-
viduals of the Mikhailovskaya breed and is shifted to the
lower right part of the graph relative to the component
(PC1), the second cluster is formed by the parental group
of Tamanskaya individuals and occupies the upper right
part of the graph (Fig. 1). Data separation regarding the
second component (PC2) was minimal.

° [}
o Tamanskaya

5.0 7.5

25

PC1 (25.6%)

Fig. 1. Projection graph of observations of principal component analysis of morphometric measurements
and indices of parental and first-generation hybrid group Clarias gariepinus:
PC1 — the first principal component; PC2 — the second principal component

At the same time, hybrid individuals formed a group
occupying the central and left sides of the graph, partial-
ly intersecting with Tamanskaya individuals in the cen-
tral part. Some hybrid specimens demonstrated signifi-
cant differences, but such variability in F; hybrids can
be explained by a high degree of heterosis.

The correlation graph of variables (Fig. 2) shows
that from the entire set of considered features, such
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indicators as SL/BDA (length of the body), ID (inter-
orbital distance), DSO (distance to the occipital fossa),
OFL (length of the occipital fossa), O/SL (compact-
ness), DFL/SL (high back), HL/SL (large head), PVD
(anteventral distance), HW (head width), HL (head
length), OFL (length of the occipital fossa) make
a significant contribution to the distribution of data
according to the principal component method.
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Fig. 2. Correlation graph of variables of principal component analysis of exterior indicators
and indices of studied groups of Clarias gariepinus

On the contrary, the influence of such features as
PFL (pectoral fin length), DDCF (distance between the
dorsal and caudal fins), PPD (antespectral distance),
AFL (length of the anal fin base), CPD, and ED (eye
diameter) on the distribution of data is minimal.

Productivity indices. According to calculations, the

main indices of productivity of individuals, such as
elongation (SL/BDA), are characteristic of the Mikhai-
lovskaya (2.5%) and Tamanskaya (3.2%) breeds and
F, hybrids (3.0%), compactness (O/SL) and large-
headedness (HL/SL) of the Mikhailovskaya breed
(0.9 and 0.53%) (Table 3).

Table 3

Results of comparative analysis of morphometric indices of first-generation hybrids
and parental individuals of C. gariepinus

Index Experienced groups
Mikhailovskaya (n = 15) Tamanskaya (n = 15) F, hybrid (n = 25)
Elongation (SL/BDA) 2.5+0.49 3.2+0.46 3.0+0.43
High-spine (DFL/SL) 1.3+0.19° 1.2+£0.12% 1.1£0.06°
Compactness (O/SL) 0.9£0.19° 0.8+0.12° 0.7 £0.09°
Big-headedness (HL/SL) 0.53£0.07° 0.46+0.11° 0.42 £0.07°

The results of the index analysis revealed that hy-
brid individuals have a reliable difference in the larger
direction relative to the parental forms of the Mikhai-
lovskaya and Tamanskaya breeds in terms of compact-
ness (1.28 and 1.14 times) and large-headedness (1.26
and 1.09 times) (p < 0.05). However, a statistically reli-
able difference in the high-spine index (1.18 times) was
revealed only between hybrids and the Mikhailovskaya
breed group.

Thus, the effectiveness of selection based on mor-
phometric indicators of productivity is traced by the
indices: first generation hybrids are characterized by

a smaller head and a higher and shorter body, at the
stage of primary processing with a high yield of com-
mercial products.

Discussion

Based on the conducted research, the obtained in-
tercross hybrid of the first-generation African catfish
(? Mikhailovskaya x & Tamanskaya) has the desired
useful qualities — a comparatively higher growth rate
of length, a smaller head, greater length and girth of
the body. Growth performance indicators (absolute,
specific, relative growth rate) in the future can be im-
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proved through a more intense selection of producers
according to these indicators and the selection of high-
ly nutritious feed. The exterior parameters of catfish
show that the parental groups of the Mikhailovskaya
breed and the Tamanskaya breed group are isolated by
morphotype, first-generation hybrids demonstrate an
insignificant spread, while forming a separate cluster
formation. Thus, further selection by morphometric
characteristics will allow selecting a homogeneous
group with high prognostic criteria of productivity.

A frequent phenomenon in fish farming complexes
is a decrease in the productivity and viability of the
objects of cultivation. Genetic diversity plays a critical
role in the productivity of the offspring in the hybridi-
zation of African catfish. It contributes to an increase
in the adaptive potential and resistance of the offspring
to various stress factors. This is due to the fact that
hybrids with greater geno- and phenotypic variance
more often demonstrate the phenomenon of heterosis
(hybrid vigor), which is manifested in faster growth,
better feed conversion and increased fertility [24]. In-
breeding is inevitable in the lines used by industrial
farms due to crossing between genetically related indi-
viduals [16]. An increase in homozygosity leads to
a loss of fitness, since heterozygous advantages are
reduced and recessive genes dominate. Given the
negative experience of cultivating introduced North
African catfish with low genetic diversity in fish farms
in Thailand [14], it is proposed to introduce a system
of selecting parental individuals and conducting inter-

line crossings in African catfish lines in domestic aq-
uaculture farms, as recommended in the work with
Spanish killifish [25]. A positive effect is demonstrat-
ed by crossings between genetically differentiated and
inbred populations of Penaeus stylirostris, leading to
improved productivity due to the effect of heterosis
and restoration of F; from inbreeding [26]. As shown
by the results of hybridization in Poecilia reticulata
populations, a similar approach that promotes the
emergence of heterosis can be the use of genetically
different lines (large genetic distance between lines,
measured using neutral molecular markers) [27].

Conclusion

First-generation hybrids of Clarias gariepinus (Mi-
khailovskaya x Tamanskaya) are characterized by
a comparatively greater final weight (by 21 and 12%)
and absolute weight gain (by 26 and 50%) compared to
the parent groups due to the assumed heterosis effect.

F, hybrids have a statistically significantly greater
body length (DFL and AFL) by 15 and 9% compared
to the Mikhailovskaya breed.

According to production indices, F; hybrids are
more attractive for technological processing due to the
shorter head length, greater length, height and volume
of the body.

In the context of breeding work with African cat-
fish, it is recommended to use interline crossing to
obtain first-generation offspring demonstrating pheno-
typic superiority over the parent individuals.
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