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UDC 636.934.082
FEATURES OF SELECTION AND BREEDING IN POPULATIONS OF

SILVER-BLACK FOX AND POLAR FOX CAGE BREEDING
Havrysh O.
Boyko O.
Orel S.
Nevesenko A.
Черкаська дослідна станція біоресурсів НААН bioresurs.ck@ukr.net

Based on the results of a retrospective analysis of the breeding of the silver-
black fox and the polar fox of the animal husbandry of the Cherkasy Regional
Consumer Union, a study of the variability and nature of the inheritance of
breeding traits by animals in a number of generations was conducted, the breeding
value was determined and the optimal schemes for the formation of families of fur
animals were substantiated. The results of studying the genealogical structure of
the polar fox population confirmed the presence of 25 lineages and 110 families.
For the silver-black fox population, this indicator was the presence of 37 lineages
and 120 families, which constitute the core of the population.

In the conditions of this animal husbandry, the degree of realization of the
genetic potential in the populations of fur animals is a high level of this indicator -
87.1-95.0%. The maximum values of this indicator are noted for quality indicators
of fur, since the variability of this feature between generations is insignificant. A
higher difference was traditionally observed for the body size indicator and for
such an indicator of reproductive capacity as fecundity of females - 87.1-88.0%.
The latter in the descendants was 0.28-0.68 goals. lower than the similar value for
herd and pedigree, respectively.

It was established that in the vast majority of cases of growth of the
indicator, the calculated coefficient increased in the first generation relative to the
parent herd and slightly decreased in the next generation, which may be due to a
higher level of variability of traits caused by genetic splitting of the trait in the next
generation.

The maximum values of phenotypic consolidation were registered according
to the body size indicator - 0.64-0.88 points. The minimum value was registered for
the population of polar foxes, respectively, the maximum value of the indicator was
registered for the first generation of silver-black foxes.

The progenitors of the lines in the polar fox population were characterized
by a fairly wide range of the breeding value index - 39-146 points. The main share
of breeders (10.61-23.48%) had a score within 139-144 points. For female heads
of families, this indicator was: 14.72-35.85% - 141-143 points, in general, the
range for the indicator of tribal value was within 139-146 points. The established
indicators for the silver-black fox population have a distribution of the share of
breeders and progenitors close to normal. Among males participating in the
selection process, the maximum share of animals 10.81-21.62% had 141-144
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points according to the evaluation results, for females this indicator was registered
for animals evaluated 139-14 points (10.0-28.3 %).

For polar foxes, the maximum coefficient of phenotypic consolidation of
young (77-81%) was registered with the following variants of the combination of
pairs - AxA, BxB, CxC, the minimum (62%) with heterogeneous selection - CxA,
respectively. A similar trend was observed in the population of silver-black fox
animals, the maximum values of consolidation of young by a set of traits were
registered in animals whose parents, according to the results of the evaluation,
were combined in the following variants: AxA, BxB, CxC, the coefficient of
phenotypic consolidation – 72-83%. The minimum values were recorded with a
heterogeneous combination of pairs - 62-70%.

Key words: fox, fox, breeding, crossing, selection traits, heredity,
phenotype, consolidations.

Introduction. Fox and polar fox, along with American mink, are
traditionally the main species of fur animals bred on specialized farms [2,3, 6, 10,
15]. In the conditions of animal farms, ore (Vulpes vulpes, L), silver-black foxes
and intermediate variants of their combination and colored forms (grey-dush,
bastards, platinum, etc.) are bred, the situation is similar with the arctic fox-fox
(Vulpes lagopus, L), colored the forms of which are silver, veil, white muzzle,
shadow [3, 7-13]. However, unlike mink, the color spectrum of these types of fur
animals is much narrower. The selection process of forming animals with high
productivity indicators in the farms of Ukraine lasted more than 85 years [4, 5, 7].
However, as in mink foxes and foxes, there is a fairly high variability in terms of
selection indicators and relatively low coefficients of inheritance of traits, which
requires breeders to find new ways of evaluation and schemes for selecting pairs
based on knowledge of the effects of genotype factors and paratypic factors [3, 5 -
7, 11]. In the animal husbandry of Ukraine, there is a tendency to decrease the
number of populations of the silver-black fox and fox, the share of animals of
domestic breeding, which are adapted to the conditions of keeping and feeding, are
characterized by large sizes and high reproductive capacity, which in the future
will cause the loss of unique aboriginal genotypes of fur animals [6 ].

Topicality. Long-haired species of fur animals (fox and fox) traditionally
occupy less than 1% of the fur raw material market [14-15]. However, fur raw
materials are in stable demand at auctions in the European Union and the United
States, as evidenced by the results of the auctions. Therefore, the work aimed at
researching the peculiarities of selection and breeding work in the populations of
the silver-black fox and fox under different breeding schemes is an urgent issue
today.

The purpose of the study is to investigate the peculiarities of the selection
process in the populations of silver-black foxes and caged foxes.

Materials and methods. The study of the peculiarities of the selection
process in the populations of the silver-black fox and cage-breeding fox was
carried out in the conditions of animal husbandry of the Cherkasy Regional
Consumer Union, based on the results of a retrospective analysis of the selection
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indicators of the formation of productivity (body size (BS), fur quality (FQ), the
quality of the color of the fur (QF), the fecundity of females (FF)) for the period
2016-2018.

The heritability of selection and genetic traits across generations of mink
was determined by methods of doubling the correlation coefficients along the
"mother-daughter" path (h2 = 2r) and calculating the indicator of the strength of the
father's influence on the variability of these indicators of daughters by one-factor
variance analysis, the latter characterize different ways of hereditary control of the
development of traits in descendants.

The coefficient of phenotypic consolidation was calculated according to the
method of Y. Polupan, according to the formula:

з

гК
s
s-=1      (1),

where  σг -  is  the  root  mean  square  deviation  of  the  evaluated  group  of
animals for a specific characteristic, σз are the same indicators of the general
population [5].

On  the  basis  of  the  average  values  of  the  investigated  indicators  and  the
selection effect, the degree of realization of the genetic potential of productivity
was calculated for each quantitative trait, according to the formula:

(2),
where, x is the average value of the trait in the population; Δ is the expected

selection effect for the trait in the next generation.
The expected selection effect was determined by the following formula:

(3),
where, Sd is the selection differential, according to the studied trait; h2 is

the trait heritability coefficient.
The basis of the improvement of the kernel optimization method is the

equation of the BLUP method for estimating the breeding value of breeders, which
has the following form:

y = m + hi + xi + sk + aijkl + eijkl, (4)
where m is the average value of the trait, hi is the fixed effect of the herd, xi

is  the  average  value  of  the  studied  trait  in  daughters,  sk  is  the  fixed  effect  of  the
breeding season, aijkl is the additive genetic effect of the animal, eijkl is the
residual effect.

Indices of breeding value of breeders, which was calculated according to the
following formula:

Іbv = ybs+ yfq+ yqf+ yws*+ yff (5)
where ybs is an estimate based on body size, yfq is an estimate based on fur

quality, yqf  is an estimate based on color quality, yff is an estimate based on
reproduction ability. Thus, the specified formula reflects the total effect of the
effects of the breeder on the realization of performance indicators in daughters [10-
13].
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The received research materials will be processed using the methods of

mathematical statistics using the software package "Statistica - 12" and Excel
(Microsoft Office 2007)/

Research results and their discussion.  The  results  of  the  study  of  the
genealogical structure of the population of fur-bearing animals of the studied farm
indicate that, unlike mink, whose number in the farm is more than 98%, the
population of silver-black fox and fox in this farm is insignificant. After studying
the genealogical structure of the fox herd, 25 lines and 110 families were found,
which, in view of the careful selection, were characterized by excellent evaluation
indicators according to the results of the grading and, accordingly, according to the
grading data, belonged to the 1st class (Table 1) [1].

Table 1. Structure of the polar fox population and selection and genetic
potential created by purebred breeding

The body size of males and females of purebred polar foxes was 72.1-75.2
cm on average, the herd average was 3.2 cm lower, and the offspring, assessed
during the boning period by 5 cm, had a degree of realization of the genetic
potential of productivity equal to 89 .6%. Also, taking into account the peculiarities
of the biology of reproduction of fur animals, the percentage of realization of the
genetic potential of reproductive ability in the offspring was relatively low - 88%,
the average value of the indicator was 5.97 goals, which is 0.15-0.83 goals less
compared to the similar indicator for herd and females of selected families.
Table 2.The results of the study of the population structure of the silver-black

fox of this farm are shown in

The given data indicate that the basis of the pedigree at the time of the study
consists of 37 lines and 120 families. The average indicator of the body size of the
breeders is 74.6 cm with excellent values of the fur assessment. For females, this
indicator was 68.3 cm, the animals selected for breeding had the maximum fur
rating according to the scoring data - 5 points.
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The study of the degree of realization of the genetic potential of

productivity by the offspring confirmed the high level of this indicator - 87.1-
95.0%. The maximum values of this indicator are noted for quality indicators of
fur, since the variability of this feature between generations is insignificant. A
higher difference was traditionally observed for the body size indicator and for
such an indicator of reproductive capacity as fecundity of females - 87.1-88.0%.
The latter in the descendants was 0.28-0.68 goals. lower than the similar value for
herd and pedigree, respectively.

Examining the indicator of phenotypic consolidation across several
generations, it was established (Table 3) that in the vast majority of cases, the
calculated coefficient increased in the first generation relative to the parent herd
and slightly decreased in the next generation, which may be due to a higher level of
variability of traits caused by genetic splitting of the trait in the next generational

Investigating this indicator in terms of selection traits, it was established
that the maximum values of phenotypic consolidation were registered according to
the body size indicator - 0.64-0.88 points. Moreover, the minimum value was
registered for the population of foxes, respectively, the maximum value of the
indicator was registered for the first generation of silver-black foxes.

Table 3. Level of phenotypic consolidation of minks of the studied groups,
points

Also,  high  values  of  this  indicator  were  recorded  for  the  qualitative
characteristics of fur - 0.71-0.74 points. It is worth noting that the populations of
the silver-black fox had a higher level of consolidation for this trait compared to
the fox.

Setting the consolidation coefficients for each of the breeding traits makes it
possible to calculate the average number of herd consolidation by breeding
direction. For the fox population, this indicator was 0.68-0.70 points, this indicator
was slightly higher for the studied fox population - 0.76-0.80 points (due to the
high values of the coefficient for the main characteristics).

In order to establish the efficiency of breeding fur animals by lines, the
breeding value of the progenitors of lines and families was evaluated. the results of
the study and the set values of the score for this indicator are shown in Table 4.



31
Table 4. Distribution of fur animals  lines and families of the studied groups

according to the indicator of breeding value

The progenitors of the lines in the polar fox population were characterized
by a fairly wide range of the breeding value index - 39-146 points. The main share
of breeders (10.61-23.48%) had a score within 139-144 points. For female heads of
families, this indicator was: 14.72-35.85% - 141-143 points, in general, the range
of the indicator of tribal value was within 139-146 points.

The established indicators for the silver-black fox population have a
distribution of the share of breeders and progenitors close to normal. Among males
participating in the selection process, the maximum share of animals 10.81-21.62%
had 141-144 points according to the evaluation results, for females this indicator
was registered for animals evaluated 139-14 points (10.0-28.33 %).

The study of the index of the breeding value of the ancestors and the level
of phenotypic consolidation according to the set of traits in the descendants makes
it possible to analyze the results of the pairing of couples in order to determine the
optimal combination of lines and families in the process of creating a population of
descendants that will maximally satisfy the requirements of the target standard and
have the maximum value of phenotypic consolidation in the future .
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Table 5. The degree of phenotypic consolidation of fur animals obtained with
different variants of combinations of parents according to the breeding value

index

For polar foxes, the maximum coefficient of phenotypic consolidation of
young (77-81%) was registered with the following variants of the combination of
pairs - AxA, BxB, CxC, the minimum (62%) with heterogeneous selection - CxA,
respectively.

A similar trend was observed in the population of silver-black fox animals,
the maximum values of consolidation of young by a set of traits were registered in
animals whose parents, according to the evaluation results, were combined in the
following variants: AxA, BxB, CxC, the coefficient of phenotypic consolidation –
72-83%. The minimum values were recorded with a heterogeneous combination of
pairs - 62-70%.

Conclusions. In the conditions of this animal husbandry, the degree of
realization of the genetic potential of foxes and foxes, regardless of the pairing
scheme, is quite high at 87-96%. The maximum researched indicator turned out to
be 95-96% for such a breeding trait as fur quality. The minimum degree of
realization of the genetic potential is marked by the indicator of multiple fertility of
females of 88-87%.

The use of the BLUP-method of estimating the breeding value of male
breeders makes it possible to rank breeders according to selection and genetic
characteristics, and to select animals to improve the created population. The
breeding value index makes it possible to select for further reproduction animals
with the maximum value estimate. This indicator for the studied populations was
139-146 points and had a distribution close to normal. The selection of pairs for
reproduction, taking into account the calculated selection indices, makes it possible
to obtain a population of animals with a high level of phenotypic consolidation
according to the set of traits - 68-80%.

The maximum values of phenotypic consolidation in the offspring of
animals were observed during the homogeneous selection of pairs according to the
breeding value index of male and female fur animals. Thus, the use of the breeding
value index in fur breeding makes it possible to select and form pairs for the next
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reproduction with maximum efficiency, in terms of realizing the genetic potential
of animals in subsequent generations. Knowledge of the nature of the inheritance
of traits and the level of their manifestation will allow to form a population of fur
animals, the selection indicators of which will correspond to the selected selection
tasks.
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ОСОБЛИВОСТІ СЕЛЕКЦІЙНО-ПЛЕМІННОЇ РОБОТИ В
ПОПУЛЯЦІЯХ СРІБЛЯСТО-ЧОРНОЇ ЛИСИЦІ ТА ПЕСЦІВ
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За результатами ретроспективного аналізу розведення сріблясто-
чорної лисиці та песця звірогосподарства Черкаської облспоживспілки
проведено дослідження мінливості та характеру успадкування селекційних
ознак тваринами в ряді поколінь, визначено племінну цінність та
обґрунтовано оптимальні схеми формування родин хутрових звірів.
Результати вивчення генеалогічної структури популяції песців засвідчили
наявність 25 ліній та 110 родин.  Для популяції сріблясто-чорної лисиці
даний показник становив  наявність 37 ліній та 120 родин, які становлять
плем’ядро популяції.

В умовах даного звірогосподарства ступінь реалізації генетичного
потенціалу у популяцій хутрових звірів високий рівень даного показник – 87,1-
95,0 %. Максимальні значення даного показнику відмічено за якісними
показниками хутра, оскільки мінливість за даною ознакою між поколіннями
незначна. Вища різниця спостерігалася традиційно за показником розміру
тіла та показником таким показником відтворювальної здатності як
плідність самок – 87,1-88,0 %. Останній у нащадків виявився на  0,28-0,68
гол. нижчим ніж аналогічне значення по стаду та племядрі відповідно.

Встановлено за переважної більшості випадків зростання показнику,
розрахований коефіцієнт зростав в першому поколінні відносно
батьківського стада та дещо знижувався в наступному поколінні, що
можливо зумовлено вищим рівнем мінливості ознак зумовлених генетичним
розщепленням ознаки в наступному поколінні.

Максимальні значення фенотипової консолідації зареєстровано за
показником розміру тіла – 0,64-0,88 балів. Мінімальне значення
зареєстровано для популяції песців, відповідно максимальне значення
показнику зареєстроване у першого покоління лисиць сріблясто-чорного
забарвлення.

Родоначальники ліній в популяції песців характеризувалися досить
широким інтервалом розмаху індексу племінної цінності – 39-146 балів.
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Основна частка плідників (10,61-23,48 %) мали  оцінку в межах  139-144
балів. Для родоначальниць родин даний показник становив: 14,72-35,85 % -
141-143 балів, загалом розмах за показником племінної цінності знаходився в
межах 139-146 балів. Встановлені показники для популяції сріблясто-чорної
лисиці мають розподіл частки плідників та родоначальниць наближений до
нормального. Серед самців, що беруть участь у селекційному процесі
максимальна частка тварин 10,81-21,62 % мали за результатами оцінки
141-144 балів, для самок даний показник було зареєстровано для тварин
оцінених 139-14 бали (10,0-28,3%).

Для песців максимальний коефіцієнт фенотипової консолідації
молодняку (77-81 %) зареєстровано при наступних варіантах поєднання пар
- AxA, ВxВ, СxС, мінімальний (62 %) при гетерогенному підборі – СxА
відповідно. В популяції тварин сріблясто-чорної лисиці спостерігалася
аналогічна тенденція, максимальні значення консолідації молодняку за
комплексом ознак зареєстровано у тварин, батьки яких за результатами
оцінки поєднувалися в наступних варіантах: AxA, BxB, CxC, коефіцієнт
фенотипової консолідації – 72-83 %. Мінімальні значення реєструвалися при
гетерогенному поєднанні пар – 62-70 %.

Ключові слова: лисиця, песець, розведення, схрещування,
селекційні ознаки, успадкування, фенотип, консолідації.
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open publication (color scanned copy).
1. The title of each document must begin with the Author's Surname. Name

and patronymic of the author.
2. After receiving and reviewing the scientific article by the editorial board,

the corresponding message will be sent to the authors by e-mail.
3.  The final  decision on publication is  made by the  editorial  board,  which

also  reserves  the  right  to  additional  review,  editing  and  rejection  of  scientific
articles.

4. The editorial board will not consider materials prepared with a deviation
from

 the  below-mentioned  requirements  regarding  the  order  of  submission  and
preparation of a scientific article.
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REQUIREMENTS FOR DESIGN OF A SCIENTIFIC ARTICLE

1.  Scientific  articles  with  a  volume of  at  least  7  pages  of  text,  paper  format  -
A4, orientation - portrait, margins on all sides - 20 mm, line spacing - 1, font size -
12, typeface - Times New Roman, paragraph indent 1.25 cm (for the main text of
annotations and the article) are accepted for consideration.

2. Structure of a scientific article:
- UDC (alignment on the left edge, font - bold).
- TITLE  OF  THE  SCIENTIFIC  ARTICLE (aligned  in  the  center,  font  -

semi-bold, capital letters);
- Surname  and  initials  of  the  author  (co-authors,  center  alignment,  normal

font);
- scientific  degree,  scientific  title,  place  of  work  (full  name  of  the  structural

unit, center alignment, font - normal italics);
- Abstract in the main language of the article (width alignment, font size - 12,

italics). The length of the abstract should be at least 2,000 characters (not including
printed characters), contain the main conclusions and results of the work;

- Keywords: from 5 to 10 words (width alignment, font size - 12, bold italics);
- The text of the scientific article (width alignment, font size - 12, line spacing -

1, paragraph indent - 1.25 cm) with the following elements indicated:
Relevance, where the importance of research is highlighted
The  purpose  of  the  research,  which  indicates  the  purpose  and  tasks  of  the

scientific research.
Research  materials  and  methods,  which  highlight  the  main  methods  and

techniques used in the scientific article.
Research  results  and  their  discussion,  which  highlights  the  main  research

results obtained, presented in a scientific article;
Conclusions  and  prospects,  where  specific  conclusions  based  on  research

results and prospects for further development are presented.
References (at least 8 sources) in the order of mention or in alphabetical order

(automatic numbering of the list, font size - 12, line spacing - 1, width alignment).
It  is  drawn  up  according  to  the  interstate  standard  DSTU  8302:2015.  References
are placed in square brackets.

(at least 15 sources)
30% of sources for the last 3-5 years.
References transliterated (automatic list numbering, pin
font size - 12, line spacing - 1, width alignment).
- Translation of the TITLE OF THE ARTICLE, Surname, initials of the author

and Annotations with Key words in two languages (width alignment, font size 12,
italics).

3. In scientific articles, automatic word transfers and the use of macros are not
allowed. Mark paragraphs only with the "Enter" key using the indentation function,
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in the article. It is not allowed to use condensed or sparse font:



109
- Tabular and graphic material can only be in book format, and its quantity is

appropriate.
- The table must have a serial number, indicated on the left before the name of

the table. The name of the table is given above the table (font size - 12, bold, line
spacing -  1.5,  width alignment).  The text  of  the table  is  presented in  Times New
Roman typeface (font size - 10, line spacing - 1).

- The  drawing  must  have  a  serial  number  and  be  a  complete  graphic  object
(grouped);  the  number  and name are  indicated  outside  the  object  (font  size  -  12,
bold, line spacing - 1, width placement).

- Formulas (with standard numbering) are performed in the Microsoft Equation
editor.
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