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REGISTRATION OF SEXUAL DIMORPHISM OF LINEAR AND ANGULAR
PARAMETERS OF THE FINE STRUCTURE OF THE REMEX VANE
OF PADOVANA CHICKENS

Research article

Abstract

Electron microscopic examination of the fine structure of the primary remiges in a male and a female of Padovana chicken
revealed signs of sexual dimorphism by four morphometric parameters (elongation index, curvature index, the angle of
displacement of the tip of the ventral ridge, the angle of curvature) in five topographic sites of the cross section of the ramus of
the pennaceous barb. For this purpose, based on arithmetic means in the Python program using the NumPy library, two data
arrays containing 20 elements for each sex were created. The difference found between the elements of the arrays of male and
female showed that in 11 cases (55%) there is a dominance of the indicators of the male over the indicators of the female,
while in 9 cases (45%) there is a dominance of the parameters of the female over the parameters of the male. No cases of
sexual parity have been identified.
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PEI'ACTPALINS TIOJIOBOI'O JUMOP®U3MA JUHEHWHBIX U YTJIOBBIX
ITAPAMETPOB TOHKOMU CTPYKTYPbI OITAXAJIA MAXOBOI'O IIEPA
IMAAYAHCKHX KYP

Hayunas crates

AHHOTANMA

DJIeKTPOHHO-MHKPOCKOITMYECKOE HCCIIEIOBAHUE TOHKOM CTPYKTYPBI IEPBOCTENEHHBIX MaXOBBIX MIEPhEB y CaMIiia U CaMKH
NaIyaHCKOH KypHIbI MO3BOJMIIO BBISBUTH IPH3HAKH MOJIOBOIO JUMOP(HU3Ma MO YeThIpeM MOP(OMETPUUECKUM MapameTpam
(MHOEKC YATMHEHHOCTH, MHIEKC M30THYTOCTH, YTOJ CMEIICHHUS BEPIIHHBI BEHTPAJILHOTO TPEeOHs, YroJl H30THYTOCTH) B ISITH
TororpaMIecKuX y4acTKax IOIEPEedHOro cpes3a CTBOJIMKA OOPOIKH IEpPBOTO MOps/Ka KOHTYpHOI yacTu onaxana. J{ns stoi
LeJIM Ha OCHOBE CPEAHUX apu(METHYECKHX MoKazaTeneil B mporpamme Python ¢ ucnonb3oBanuem 6ubmuoreka NUMPY Ob10
CO3[]aHO J/IBA MaccuBa JaHHBIX, cojepkamux no 20 3J1eMEeHTOB JuIsl Kakaoro moisa. PasHuia, oOHapyXeHHas MeXIy
3JIeMEHTaMH MAacCHBOB CaMIla M CAMKH, Moka3aia, uTo B 11 ciydasx (55%) HabmromaeTcst MpeBOCXOJICTBO TOKa3aTeNlel caMIia
HaJl TIOKa3aTeNIsIMU CaMKH, TIpH 3ToM B 9 ciydasx (45%) oTMedaeTcst mpeBalupoBaHUE apaMeTPOB CAMKH HaJl apaMeTpaMu
camia. CiyyaeB MOJIOBOTO [TAPUTETa HE BBISBJICHO.

KaroueBble cioBa: manyanckue kypsl (Gallus domesticus), ckanupyromas 37€KTPOHHAs MHKPOCKOIHUS, IOJOBOM
JuMopdu3M, MOp(hOJIOTHs EPhEB, IECKPUNITHBHAS CTATUCTUKA, IPOrPAMMHUPOBAHHE.

1. Introduction

Modern poultry science is increasingly relying on biological patterns that allow increasing the productivity of domestic bird
[1]. One of the most important factors determining the habitus and physiological parameters of individuals is sexual dimorphism,
which requires not only a deeper study from a biological point of view, but also a correct quantitative analysis based on the laws
of biostatistics and bioinformatics [2].
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The Padovana chickens chosen as the object of research belong to decorative breeds of chickens, but recently scientific
studies have been conducted related to the assessment of their meat qualities [3], [4]. There are various color forms of the plumage
of Padovana chickens, while the relationship between the plumage color and body weight before puberty has been revealed [3].
The revealed high precocity of males in comparison with females allows us to claim not only about sexual dimorphism of
Padovana chickens, but also about intrabreed heterochrony [5], which is important to take into account when planning the
slaughter of these birds [3], [4].

In this regard, the purpose of our study is to registration sexual dimorphism, while morphometric parameters of the fine
structure of the remix in opposite-sex individuals were selected as criteria for intersexual differences in Padovana chickens.

2. Materials and methods

The feathers of Padovana chickens (Gallus domesticus) were kindly provided by Dr. V.A. Ponomarev (lvanovo State
Agricultural Academy named after D.K. Belyaev).

Anatomical and microscopic terminology devoted to various parts of the feather is given according to the monograph by
Lucas and Stettenheim (1972) [6]. The feathers were viewed and photographed using a scanning electron microscope of the
brand “JEOL-840A” (Japan). In the ImageJ program (National Institutes of Health, USA), measurements of the fine structure
of the primary remex vane in a male and a female of Padovana chicken were carried out using electronic microphotographs [7].

In particular, the following linear and angular parameters of the cross section of the ramus of the pennaceous barb were
studied:

1) elongation index is the ratio of the width of the cross-section to the length of the cross-section, expressed as a
percentage;

2) curvature index is the ratio of the distance between the tips of the dorsal and ventral ridges to the length of the cross-
section, expressed as a percentage;

3) the angle of displacement of the tip of the ventral ridge a is the angle between the central longitudinal axis of the cross
section of the ramus and the tip of the ventral ridge, measured from the separation point at the base of ventral part of the ramus
(in degrees);

4) the angle of curvature B is the angle between the central longitudinal axes of the dorsal and ventral parts of the ramus (in
degrees) [8].

Measurements and calculation of these parameters were carried out for five topographic sites, while rounding the data to
0,01 (Table 1 and Table 2).

Statistical data processing was carried out in the program “STATISTICA 107 (StatSoft, USA). The number of
measurements (n) is sufficient to obtain representative descriptive statistics presented in the form of arithmetic mean (M) and
arithmetic mean error (m), that is, M £ m (Table 1 and Table 2). The program code that allows you to determine the frequency
of occurrence of male or female dominance, as well as sexual parity based on the given the morphometric parameters of the
fine structure of chicken feathers, is written in the Python program (Python Software Foundation, USA).

3. Results and discussion

The study of linear and angular parameters of the fine structure of the cross section of the ramus revealed signs of sexual
dimorphism in adult opposite-sex individuals of Padovana chickens (Table 1 and Table 2).

Table 1 — Morphometric parameters of the cross section of the ramus of the primary remex pennaceous barb in a male
Padovana chicken

Topographic sites n Elongation index, % Curvature index, % The angle o, ° The angle B, °

The basal part of the barb:
The proximal section 10 9,04 + 0,06 97,62 + 1,02 527 +1,43 177,70 £ 0,71
The medial section 10 7,34 £0,13 98,25 £ 0,09 13,92 £ 0,87 162,35 + 1,62
The distal section 11 20,32 £ 0,56 97,30 £ 0,90 32,10 £1,52 156,27 £ 0,56
The medial part of the barb | 11 49,38 + 0,48 77,90 £ 2,16 43,31+0,54 119,28 + 0,57
The distal part of the barb | 14 47,71 + 2,65 85,49 + 0,51 39,54 + 0,53 133,57 £ 0,50

Table 2 — Morphometric parameters of the cross section of the ramus of the primary remex pennaceous barb in a female
Padovana chicken

Topographic sites n Elongation index, % Curvature index, % Theangleo,° | TheangleB,®

The basal part of the barb:
The proximal section 10 6,25 + 0,59 99,30+ 0,43 2,32+ 0,05 176,49 £+ 2,99
The medial section 10 5,94 + 0,28 92,98 £+ 2,73 14,54 + 0,56 153,50 £ 0,51
The distal section 11 11,60 + 0,93 98,82+ 0,42 18,01 +1,01 165,89 + 0,47
The medial part of the barb | 11 47,27 £0,55 82,98 + 2,88 43,27 £ 0,55 132,28 + 0,54
The distal part of the barb | 11 57,47 £ 0,55 80,59 + 0,58 51,59+ 0,50 135,35+ 0,52

Automation of registration of the frequency of occurrence of sexual dimorphism requires the use of programming
methods. For this purpose, using the NumPy library in the Python program, two arrays of data were created on arithmetic
means of morphometric parameters of the fine structure of the remex in opposite-sex individuals of Padovana chickens
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(Table 1 and Table 2). Each array contains 20 elements, which is achieved due to four parameters defined for five topographic
sites. Sexual dimorphism is registered as a result of subtracting the mean value of the male from the mean value of the female,
while when a positive difference is obtained, we can talk about male dominance over female, a negative result indicates female
dominance over male, a zero-difference value indicates sexual parity due to the equality of the mean values of male and
female. However, such a case does not occur among the available data (Table 1 and Table 2). The proposed code algorithm has
the following form:

.. code:: ipython3s
import numpy as np
.. code:: ipython3

male_Padovana_ chicken = np.array(
[
[9.04, 97.62, 5.27, 177.70],
[7.34, 98.25,13.92, 162.35],
[20.32, 97.30, 32.10, 156.27],
[49.38, 77.90, 43.31, 119.28],
. [47.71, 85.49, 39.54, 133.57]

male Padovana_ chicken

.. parsed-literal::

array([[ 9.04, 97.62, 5.27,177.71],
[ 7.34, 98.25, 13.92,162.35],
[20.32, 97.3, 32.1,156.27],
[49.38, 77.9, 43.31,119.28],
[ 47.71, 85.49, 39.54,133.57]])

.. code:: ipython3

female_Padovana_ chicken = np.array(
[
[6.25,99.30, 2.32, 176.49],
[5.94, 92.98, 14.54, 153.50],
[11.60, 98.82, 18.01, 165.89],
[47.27, 82.98, 43.27, 132.28],
. [57.47, 80.59, 51.59, 135.35]

female_Padovana_ chicken
.. parsed-literal::

array([[ 6.25, 99.3, 2.32,176.49],
[ 5.94, 92.98, 14.54,153.5 ],
[11.6, 98.82, 18.01, 165.89],
[ 47.27, 82.98, 43.27,132.28],
[ 57.47, 80.59, 51.59,135.35]])

.. code:: ipython3

Sexual_dimorphism = male_Padovana_ chicken - female_Padovana_ chicken
Sexual_dimorphism

.. parsed-literal::

array([[ 2.79, -1.68, 2.95, 1.21],
[ 1.4, 5.27, -0.62, 8.85],
[ 8.72, -1.52, 14.09, -9.62],
[ 2.11, -5.08, 0.04,-13. ],
[-9.76, 4.9,-12.05, -1.78]])

.. code:: ipython3
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for el in (male_Padovana_ chicken - female Padovana_ chicken).flat:

ifel == 0:

print("Sexual parity (el = 0)")
elifel > o:

print("Dominance of male Padovana chicken (el > 0)")
elifel < o:

print("Dominance of female Padovana chicken (el < 0)")
.. parsed-literal::

Dominance of male Padovana chicken (el > 0)
Dominance of female Padovana chicken (el < 0)
Dominance of male Padovana chicken (el > 0)
Dominance of male Padovana chicken (el > 0)
Dominance of male Padovana chicken (el > 0)
Dominance of male Padovana chicken (el > 0)
Dominance of female Padovana chicken (el < 0)
Dominance of male Padovana chicken (el > 0)
Dominance of male Padovana chicken (el > 0)
Dominance of female Padovana chicken (el < 0)
Dominance of male Padovana chicken (el > 0)
Dominance of female Padovana chicken (el < 0)
Dominance of male Padovana chicken (el > 0)
Dominance of female Padovana chicken (el < 0)
Dominance of male Padovana chicken (el > 0)
Dominance of female Padovana chicken (el < 0)
Dominance of female Padovana chicken (el < 0)
Dominance of male Padovana chicken (el > 0)
Dominance of female Padovana chicken (el < 0)
Dominance of female Padovana chicken (el < 0)

It should be noted that this algorithm was previously used by us to determine the sexual dimorphism of the histochemical
activity of phosphatases in the skin glands of laboratory rats [9]. The use of this approach for assessing intersexual differences
in morphometric parameters of the microstructure of the feather indicates the universality of this algorithm, which is also
advisable to use in electron and light microscopic studies [8], [10].

The results obtained indicate a certain dominance of the parameters of the male over the parameters of the female
according to morphometric indicators associated with the fine structure of the remex vane of Padovana chickens. It was found
that in 11 cases the dominance of morphometric parameters in the male over the female was observed, in 9 cases the
dominance of morphometric parameters in the female over the male was revealed. In relative terms, these values are 55% in
favor of male parameters and 45% in favor of female parameters. Sexual parity for this breed of chickens has not been
identified.

We believe that the introduction of the bioinformatic approach [11] will make it possible to repeatedly intensify the
process of analyzing a variety of indicators and traits in various animals, to conduct a comparative analysis by many criteria
through the use of data arrays. The above code is quite universal, since arrays can be expanded and narrowed within the
framework of the data available to the researcher.

4. Conclusion

Thus, using a number of quantitative methods based on the use of the basics of descriptive statistics and programming, it
becomes possible to study in more detail the signs of sexual dimorphism on the example of the fine structure of the feather of
Padovana chickens. The use of programming methods in the field of morphology is relevant for various aspects of evaluating
comparable parameters of macro- and microstructure, physiological indicators and other objective data obtained during the
experiment. Obviously, such a presentation of data in a grouped form will also be useful in taxonomic studies.
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