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Abstract: 
This article examines the morphometric characteristics and fluctuating 
asymmetry of gibel carp populations (Carassius gibelio (Bloch, 1782)) in water 
bodies within the same basin, each with different hydrological conditions. By 
conducting measurements and analyses of meristic features, we were able to 
determine the extent to which fish morphological characteristics are influenced 
by their natural habitat and hydrological regime. Cluster analysis methods 
revealed that gibel carp populations from reservoirs with a permanent water 
supply have similar morphometric parameters and a lower degree of asymmetry 
than populations from isolated or irregularly filled reservoirs. As a result 
of morphometric assessment, it was shown that fluctuating asymmetry is an 
important and convenient indicator of adaptive changes and the general state of 
the population. The data obtained emphasize the need to consider hydrological 
aspects when conducting ecological and biological studies and when monitoring 
species under threat of habitat change. The results of the study can be useful in 
monitoring the state and restoration of aquatic ecosystems.
Key words: 
meristic traits, Carassius gibelio populations, bioindication of environmental 
state, cluster analysis, developmental stability of organisms
Apstrakt: 
Morfometrija i fluktuirajuća asimetrija srebrnog karaša (Carassius 
gibelio) u vodenim telima sa različitim tipovima hidrologije
Ovaj rad ispituje morfometrijske karakteristike i fluktuirajuću asimetriju 
populacija srebrnog karaša (Carassius gibelio (Bloch, 1782)) u vodenim 
telima unutar istog sliva, koja se razlikuju po hidrološkim uslovima. 
Sprovođenjem merenja i analizom merističkih osobina utvrđen je stepen 
u kome su morfološke karakteristike riba uslovljene njihovim prirodnim 
staništem i hidrološkim režimom. Metode klaster analize pokazale su da 
populacije srebrnog karaša iz akumulacija sa stalnim dotokom vode imaju 
slične morfometrijske parametre i niži stepen asimetrije u poređenju sa 
populacijama iz izolovanih ili neredovno punjenih akumulacija. Na osnovu 
morfometrijske procene pokazano je da fluktuirajuća asimetrija predstavlja 
važan i praktičan indikator adaptivnih promena i opšteg stanja populacije. 
Dobijeni podaci ukazuju na potrebu razmatranja hidroloških aspekata 
prilikom sprovođenja ekoloških i bioloških istraživanja, kao i pri monitoringu 
vrsta izloženih promenama staništa. Rezultati istraživanja mogu biti korisni u 
praćenju stanja i obnovi vodenih ekosistema.

Ključne reči: 
merističke osobine, populacije Carassius gibelio, bioindikacija stanja životne 
sredine, klaster analiza, razvojna stabilnost organizama.

© 2026 Bitner & Smolina. This is an open-access article distributed under the terms of the Creative 
Commons Attribution License, which permits unrestricted use, distribution, and build upon your work 
non-commercially under the same license as the original.

Introduction
Freshwater ecosystems are among the most 
susceptible components of the biosphere, as they 
undergo substantial adaptations in response to 
biogenic, abiogenic, and anthropogenic factors 
(Odum, 1986). Determining the state of natural 
resources involves regular monitoring of ecosystems 

using technical measures of environmental control 
and observing biological indicator organisms. In the 
context of studying hydrochemical environmental 
factors, special attention is paid to ichthyofauna, 
whose representatives are considered valuable 
bioresources of freshwater ecosystems and important 
objects of biological monitoring. The state of fish 
populations is primarily determined by the chemical 
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quality of water (Abakumov, 1991; Reshetnikov et 
al., 1999; Pak, 2005; Kotegov, 2024).

Common, mass fish species, such as Carassius 
gibelio, are chosen to characterize aquatic 
ecosystems (Ministry of Natural Resources of the 
Russian Federation, 2003). This species is also 
of interest for study due to a number of biological 
features that probably help this species to quickly 
naturalize in new areas, which include: reproduction 
by gynogenesis (Abramenko, Kravchenko & 
Velikoivanenko, 1997; Abramenko & Nedviga, 
2011; Yankova, 2006); different ploidy levels in 
populations: diploids (2n=50), triploids (3n=100) 
and hexaploids (4n=150) (Apalikova, 2008; 
Pobedintseva et al., 2021); uneven sex structure 
in populations (Vasilyeva & Vasilyev, 2005; 
Abramenko, 2011; Yadrenkina, 2011); probable 
hybridization with other carp species (Vekhov, 
2013; Goriunova et al., 2017; Bitner & Smolina, 
2023), high resistance to oxygen deficiency in the 
environment (Fagernes et al., 2017). 

The study of intrapopulation groups of 
bony fish, in particular carp species, is based 
on a comparative analysis of the frequency of 
manifestation of countable morphological traits 
(meristic), characterized by high heritability and 
early manifestation in ontogenesis (Makoedov & 
Korotaeva, 1999; Pak, 2005; Kotegov, 2024). These 
indicators enable us to measure the degree of genetic 
relatedness between populations (Kirpichnikov, 
1987). In addition, the seismosensory canals (SSC) 
of the head in bony fish are examined as one of the 
primary morphometric characteristics (Zinoviev 
& Mandritsa, 2003; Kotegov, 2015). It is known 
that their number is associated with the number of 
primary canal neuromasts, the seismic reception 
organs located in the canals of the dermal bones, 
which play an important role in detecting moving 
food objects and other elements in the aquatic 
environment (Kotegov, 2024). Additionally, the 
quantity of primary neuromasts remains constant 
with age, in contrast to secondary neuromasts. The 
number of canal openings is readily accessible for 
direct counting on both the right and left sides of the 
head bones (Zinoviev & Mandritsa, 2003).

The influence of environmental stress on the 
stability of ontogenetic processes often leads to 
phenotypic changes in organisms (Nikol’skii, 
1974; Shilov, 1984; Lajus et al., 2019; Nunes & 
Souto, 2022). The asymmetry of bilateral traits is 
typically a manifestation of individuals’ inability 
to develop normally under stress (Zakharov, 1981, 
1987; Nikol’skii, 1986; Makoedov & Korotaeva, 
1999). One example of this asymmetry is fluctuating 
asymmetry, which is a macroscopic phenomenon 
that occurs randomly and independently on both 

the left and right sides of the body. Fluctuating 
asymmetry (FA) is a deviation from strict bilateral 
symmetry (Zakharov, 1987; Zinoviev & Mandritsa, 
2003; Yankova, 2006; Peskova & Khoroshenkov, 
2013; Romanov, 2019). 

Consequently, the morphological characteristics 
of carp populations are significantly influenced by 
the state of the ecosystem, which is determined 
by the hydrological regime and hydrochemical 
parameters of water. The level of environmental 
stress and population health is denoted by 
fluctuating asymmetry. For the first time, a 
comprehensive analysis of hydrochemical, 
morphometric, and FA data was conducted for gibel 
carp populations that inhabit four hydrologically 
distinct water bodies in the Tura River floodplain 
(Ob-Irtysh basin, Western Siberia).

The purpose of this study is to evaluate the 
morphometric characteristics and fluctuating 
asymmetry of C. gibelio populations that inhabit 
hydrologically diverse water bodies in the southern 
region of Western Siberia. The objectives are to 
conduct a hydrochemical analysis of surface water 
from four water bodies that have been studied, 
measure morphological (meristic) characteristics 
for gibel carp samples, conduct a cluster analysis 
with an assessment of the community of populations 
based on morphological indicators, and control the 
fluctuating asymmetry indicators as an ecological 
marker of the state of the water bodies.

Materials and Methods
Study area 
The following water bodies with different hydrologic 
characteristics are studied, which are part of the Ob-
Irtysh basin (Western Siberia): the Tura River bed, 
the Nitsa River (left tributary of the Tura River), 
Lake Krivoye (an oxbow lake of the Tura River, 
periodically connecting with it), and Lake Sredneye 
(isolated, not connected to the Tura River for more 
than 70 years) (Fig. 1). 

The hydrochemical characteristics of water 
bodies are influenced by hydrological isolation, 
which in turn affects the ecological and biological 
characteristics of organisms. Rivers’ chemical 
composition depends on the seasonal variability 
of the water they receive from various sources. 
Rapid water turnover is ensured by river flow, 
which allows it to exert a temporary effect on 
the species that inhabit it. Typically, lakes are 
supplied solely by inflowing water, resulting in the 
accumulation of salts in drainless water bodies or of 
organic matter in lakes with runoff.

Hydrochemical analysis was conducted in the 
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laboratory of the Tyumen branch of the Federal 
State Budget Scientific Institution “Russian Federal 
Research Institute of Fisheries and Oceanography” 
(Tyumen) to evaluate the habitat of fish populations 
at the site where the material was collected. The 
primary source of water samples was the surface 
of water bodies during the summer (Alekin, 
1970). Surface water quality was characterized 
according to O. A. Alekin (1970). The results are 
presented in Tab. 1.

According to the data obtained, the water in the 
Tura River is classified by chemical composition as 
follows: hydrocarbonate class, calcium group, type I 
(low mineralization), and a hydrogen ion index (pH) 
of 6.24 (neutral). A slight increase in permanganate 
oxidizability in the Tura River (25.13 mg/dm³) and 
a high color index (115⁰) may be due to increased 
vegetation, decomposition of organic matter, and 
possibly runoff from agricultural lands. A low BOD5 
level (less than 2 mgO2/dm³) indicates a moderate 
amount of organic matter in the water; the ecosystem 
is likely not experiencing significant stress from 
pollution. Ammonium nitrogen in the Tura River 
water was 1.0 mg/dm³, which characterizes this 
body of water as mesotrophic.

The water in the Nitsa River is classified as 
hydrocarbonate, calcium group, type II (with low 
to moderate mineralization). Samples from this 
river showed a slight increase in pH (up to 8.7) 
and BOD5, which was higher than in other studied 
bodies of water. This likely reflects the presence of 
active microflora, organic matter, and vegetation in 
the water during the summer.

A hydrochemical analysis of the water from 
Lake Krivoye (2018) identified it as belonging to 
the hydrocarbonate class, sodium group, type I, 
and neutral. This reservoir has the highest sodium 
and potassium ion content (47.51 mg/dm³), but 
overall, the total ion content corresponds to a low-
mineralization type. These ions can enter the reservoir 
from natural sources, such as groundwater, minerals, 
and soils, as well as from the use of fertilizers in 
agriculture that contain sodium and potassium. The 
BOD5 and ammonium nitrogen values (2.70 mgO2/
dm³ and 0.33 mg/dm³, respectively) in this reservoir 
are second only to those in Lake Sredneye (3.85 
mgO2/dm³ and 0.61 mg/dm³), which may reflect 
water stagnation in lake ecosystems.

The water quality classification of Lake Sredneye 
is as follows: hydrocarbonate class, sodium group, 
type I (low mineralization), pH=6.52 (neutral). 
Slight excesses of MACs for fishery water bodies 
were detected for five parameters: BOD5, dissolved 
oxygen, phosphate ion, ammonium nitrogen, and 
total iron. During the summer growing season, 
active plant growth and rising temperatures lead to 

increased decomposition of organic matter, which 
may contribute to increased concentrations of the 
above parameters. This may also indicate additional 
oxidation and a decrease in dissolved oxygen levels. 
The detected MAC excesses for these parameters 
may result from the combined effects of organic 
matter in the water and eutrophication, and may also 
indicate suffocation in the reservoir.

Anthropogenic impacts at the collection sites 
are primarily related to agriculture and the location 
of rural settlements. Nevertheless, the Tura River 
is the most heavily impacted by human activity 
throughout its entire length, whereas its tributary, the 
Nitsa River, is less urbanized. In general, despite its 
low mineralization and low BOD5, the Tura River’s 
elevated levels of permanganate oxidizability and 
color necessitate analysis, as they may indicate 
specific environmental issues, particularly during 
the summer. The Krivoye and Sredneye lakes are 
characterized by suffocation. In Lake Sredneye 
(hydrologically isolated), excesses of MPCs for five 
parameters (BOD5, dissolved oxygen, phosphate 
ion, ammonium nitrogen, and total iron) detected 
may indeed be the result of the combined effects 

Fig. 1. Map of the study area, where: 1 - Lake 
Sredneye - 57°38'15.9"N, 64°28'50.9"E, 2 - Tura 
River - 57º65ʹ82.1ʺN, 64º36ʹ06.9."E; 3 - Lake 
Krivoye -57º53ʹ87.7ʺN, 64º51ʹ20.2"E; 4 - Nitsa River 
- 57º51ʹ93.6ʺN, 64º43ʹ51.7"E. 
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Meristic characters
In this study, 19 meristic characters were analyzed 
for each population, including: the number of 
spiny rays in the dorsal fin (Ds); branched rays in 
the dorsal fin (Db); spiny rays in the anal fin (As); 
the number of branched rays in the anal fin (Ab); 
rakers on the first gill arch (Sp.br.); perforated 
scales (l.l.); rays in the pectoral fin (Pb); rays in the 
pelvic fin (Vb); total number of scales in the lateral 
line (l.l.total); number of rows of scales above the 
lateral line (l.l.above) and below the lateral line – 
(l.l.below); total number of vertebrae in the vertebral 
column (Vo); number of vertebrae in the truncal 
region (Va), in the transitional region (Vi) and in 
the caudal region including the urostyle (Vc + ct); 
number of single-row pharyngeal teeth (dentes); 
also the SSC, located on three paired bones of the 
head - praeoperculum (pop), dentale (dn), frontale 
(f) (Pravdin, 1966; Makoedov, 1999; Zinoviev & 
Mandritsa, 2003; Yadrenkina et al., 2005).

of organic matter in the water and eutrophication 
processes, resulting in low dissolved oxygen levels, 
which creates stressful conditions for ichthyofauna. 
For technical reasons, hydrochemical analysis of 
the water from Lake Krivoye was only conducted 
during the second gibel carp sample collection in 
2018. Therefore, it is not possible to compare the 
data for 2016 and 2018.

Sampling
The ichthyological material was collected from 
2016 to 2019 in accordance with standard, widely 
used, and tested methods of field and office 
analysis (Pravdin, 1966; Lakin, 1980; Zinoviev & 
Mandritsa, 2003; Ministry of Natural Resources of 
the Russian Federation, 2003). The fish samples 
that were analyzed were as follows: 100 specimens 
from Lake Sredneye, 50 specimens from Lake 
Krivoye (2016), 100 specimens from Lake Krivoye 
(2018), 50 specimens from River Tura, and 100 
specimens from River Nitsa.

Name of components, 
measurement unit Tura river Nitsa 

river
Lake Krivoye 

(2018)
Lake 

Sredneye Regulatory document

pH value 6.24 8.7 6.38 6.52 РД 52.24.495-2017

Ammonium nitrogen, mg/dm3 1.00 0.14 0.33 0.61 ПНД Ф 14.1:2:4.262-10

Nitrite nitrogen, mg/dm3 0.009 <0.02 <0.006 <0.006 ПНД Ф 14.1:2:4.3-95

Nitrate nitrogen, mg/dm3 0.24 0.15 <0.10 0.15 ПНД Ф 14.1:2:4.4-95

Phosphate ion, mg/dm3 0.21 0.31 0.16 0.60 ПНД Ф 14.1:2:4.112-97

Total Iron, mg/dm3 1.09 0.62 0.86 1.74 ПНД Ф 14.1:2:4.50-96

BOD5, mgO2/dm3 1.40 4.7 2.70 3.85 ПНД Ф 14.1:2:3:4.123-97

Dissolved oxygen, mg/dm3 4.80 10.74 11.00 15.30 РД 52.24.419-2019

Permanganate oxidizability, mg/dm3 25.13 9.9 11.54 21.76 ПНД Ф 14.1:24.154-99

Total hardness, mg/dm3 1.20 3.78 1.50 1.30 ПНД Ф 14.1:2:3.98-97

Hydrocarbonate, mg/dm3 61.02 183.0 97.63 109.84 РД 52.24.493-2020 

Sulphate-ion, mg/dm3 4.80 8.64 3.84 4.80 ПНД Ф 14.1:2:3.108-97

Chloride ion, mg/dm3 <10.0 (8.51) 32.2 <10.0 (7.50) <10.0 (4.25) ПНД Ф 14.1:2:3.96-97

Calcium, mg/dm3 16.03 41.6 16.03 18.04 РД 52.24.403-2018

Magnesium, mg/dm3 4.86 20.7 8.61 4.86 Расчетный метод

Sodium+potassium, mg/dm3 3.50 22.7 47.51 31.51 Расчетный метод

Sum of ions, mg/dm3 115.74 308.84 226.32 141.79 Расчетный метод

Color, ⁰ color 115 73 40 100 РД 52.24.497-2019

ПНД Ф - Federal Environmental Regulations (Russia); РД - Governing Documents (Russia). Source: 
Compiled by authors

Table 1. Hydrochemical characteristics of water at sites for the collection of ichthyological material
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Statistical analysis 
Statistical processing was carried out with the 
calculation of the mean value, standard deviation 
(σ) (1), error of mean (mX) (2), and coefficient of 
variation (CV) (3) (Lakin, 1980). Mathematical 
analysis was carried out using the Excel 2016 
software package.

σ = √(Σ(x – x̄)² / (n – 1)) 	 (1)
where: σ — sample standard deviation; x — each 
value in the sample; x̄ — arithmetic mean of the 
sample; n — sample size.

mX = σ / √n	 (2)
where: mX — standard error of the mean; σ — standard 
deviation of the general totality; n — sample size.

CV = (σ / μ) × 100%	 (3)
where: CV — coefficient of variation; σ — standard 
deviation, which shows the spread of data; 
μ — arithmetic mean of the sample.

The Mann–Whitney U-test (p≤0.05) was 
employed to compare the mean values, as the meristic 
features are nonparametric and non-normally 
distributed. The Kolmogorov-Smirnov criterion 
was employed to assess the normality of the feature 
distribution. The assessment of the community of 
populations based on meristic features was carried 
out using the WPGMA (Weighted Pair Group 
Method with Arithmetic Mean) cluster analysis, with 
the Euclidean distance as the distance metric, and 
the results were visualized in the Python interpreter 
in PyCharm Community Edition 2024.1. (Fig. 1).

In order to assess the fluctuating asymmetry, 10 
bilateral features were used, such as: the number 
of rakers on the first gill arch (Sp.br.), perforated 
scales (l.l.); rays in the pectoral fin (Pb), rays in the 
pelvic fin (Vb); total number of scales in the lateral 
line (l.l.total), number of rows of scales above the 
lateral line (l.l.above) and below the lateral line 
– (l.l.below); SSC on the praeoperculum (pop), 
SSC on the dentale (dn), SSC on the parientale 
(p) (Pravdin, 1966; Zinoviev & Mandritsa, 2003; 

Ministry of Natural Resources of the Russian 
Federation, 2003). The stability of gibel carp 
development was assessed using the dispersion 
index of fluctuating asymmetry (4).

σd
2  = Σ (d l-r  - Мd)2  / (n-1)   	     (4)

where: σd
2 – dispersion index of FA; Md — average 

value of deviations from symmetry in a sample; 
d — amount of asymmetry of each individual; 
n — number of individuals in the sample (Zakharov, 
1987; Yankova, 2006).

In order to assess the stability of fish development, 
the frequency of asymmetric manifestations per 
trait (FAPT) indicator was implemented. FAPT 
is determined by the ratio of the number of traits 
that exhibit asymmetry to the total number of traits 
taken into account. The statistical significance of 
differences between samples in the value of the 
integral indicator of developmental stability (IIDS) 
is determined by Student’s t-test.

The degree of deviation from the norm in the 
environment is determined by the fluctuating 
asymmetry of the most numerous individuals in the 
area and is evaluated on a five-point scale, which 
is based on integral indicators of developmental 
stability (Tab. 2) (Peskova & Khoroshenkov, 2013; 
Ministry of Natural Resources of the Russian 
Federation, 2003).

All applicable international, national and 
institutional guidelines for the care and use of 
animals were followed during the study.

Results
The average values of meristic traits of the 
populations of gibel carp from the Tura River, the 
Nitsa River, Lake Krivoye (2016 and 2018), and 
Lake Sredneye are presented in Tab. 3.
In the studied populations, the highest coefficient of 
variation was noted for the number of vertebrae in 
the transitional region (CV from 16.7% to 24.2%), 
for the number of seismosensory canals on the frontal 
bones (for f CV from 12.4% to 18.4%), as well as 
for the traits As (CV up to 15.1%), Sp.br. (CV up 

Point The value of the fish development stability index (FAPT) Water quality

1 Up to 0.30 Conditionally normal

2 0.30-0.34 Initial (minor) deviations from the norm

3 0.35-0.39 Average level of deviations from the norm

4 0.40-0.44 Significant deviations from the norm

5 0.44 and above Critical condition

Source: Ministry of Natural Resources of the Russian Federation, 2003

Table 2. Scale to assess deviations of fish from normal conditions
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to 13.8%), Ds (CV up to 12.1%) and pop (CV up to 
11.7%) characterize these morphological traits at the 
average level of variability. The least variable and 
stable trait for the gibel carp is the number of single-
row pharyngeal teeth (CV=0%). The remaining 
12 meristic traits exhibit low variability (less than 
10%) and can be reliable indicators for bioindication 
(Kokorina & Tatarintsev, 2010). Overall, the main 
meristic traits of the gibel carp populations in the 
studied water bodies are within the range of species 
variability (Yankova, 2006).

The results of a pairwise comparison of meristic 
values of samples using the Mann–Whitney U-test 
(p<0.05) from the above-mentioned lakes are 
presented in Tab. 4.

The Tura River, the Nitsa River, and Lake Krivoye 
(2016), which are hydrologically interconnected, 
exhibited no significant differences in the meristic 
traits that were examined. The gibel carp sample 
from Lake Sredneye exhibited substantial differences 
in comparison to the other three bodies of water. The 

Nitsa River (for seven traits) and Lake Sredneye and 
Lake Krivoye (2016) revealed the most significant 
differences at varying significance levels. These 
morphological features of the gibel carp population 
of Lake Sredneye may reflect hydrological isolation 
and the dependence of morphology on environmental 
factors, including hydrochemical parameters of the 
water. A high proportion of significant differences 
(across 10 traits) was also found between the Tura–
Krivoye pair (2018), likely indicating environmental 
changes in Lake Krivoye over the course of two years.

In the water bodies under investigation, thirteen 
meristic traits were identified as the most informative 
for assessing the reliability of differences between 
gibel carp populations. Of these, the most frequently 
detected differences were in Vb (5 times), l.l.total (4 
times), Vc + ct (4 times), Pb, and Vo (3 times each, 
respectively). No differences were found in six traits, 
including the number of spiny rays in the dorsal 
fin, spiny rays in the anal fin, branched rays in the 
anal fin, the number of vertebrae in the transitional 
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Trait
Tura River Nitsa River Lake Krivoye 

(2016)
Lake Krivoye 

(2018) Lake Sredneye

X ± mX X ± mX CV X ± mX CV X ± mX CV X ± mX CV

Sp.br. 46.8 ± 0.90 13.8 47.9±0.40 8.3 48.4 ± 0.34 6.9 48.9 ± 0.91 6.0 44.8 ± 0.48 10.6

l.l.total 32.3 ± 0.18 3.9 31.5±0.09 2.7 31.6 ± 0.10 3.1 31.5 ± 0.13 2.8 32.3 ± 0.10 3.0

l.l. 30.6 ± 0.16 3.8 30.1±0.15 4.9 30.2 ± 0.13 4.3 30.2 ± 0.14 3.4 31.0 ± 0.10 3.3

l.l.above 6.0 ± 0.03 3.4 5.8±0.05 7.9 5.7 ± 0.05 8.3 6.0 ± 0.06 7.5 5.3 ± 0.05 8.8

l.l.below 5.9 ± 0.02 2.4 5.8±0.05 8.0 6.1 ± 0.05 7.9 5.7 ± 0.06 7.9 5.5 ± 0.05 9.1

Ds 4.4 ± 0.07 11.3 4.3±0.05 11.7 - - 4.4 ± 0.07 12.1 4.3 ± 0.05 10.9

Db 19.9 ± 0.12 4.9 18.1±0.10 5.3 - - 18.1 ± 0.14 5.6 17.9 ± 0.12 4.9

As 3.3 ± 0.07 15.1 3.1±0.03 10.5 - - 3.2 ± 0.05 12.2 3.1 ± 0.03 10.8

Ab 6.1 ± 0.05 5.4 6.0±0.01 2.3 - - 6.0 ± 0.02 2.3 6.0 ± 0.00 0.0

Pb 17.6 ± 0.17 6.8 17.5±0.11 6.3 16.9 ± 0.12 6.9 17.3 ± 0.16 6.6 17.8 ± 0.12 6.8

Vb 9.9 ± 0.07 5.0 9.8±0.04 4.6 8.8 ± 0.05 5.3 8.9 ± 0.05 4.3 10.1 ± 0.03 3.3

Vo 32.8 ± 0.11 2.5 31.8±0.08 2.6 30.6 ± 0.10 3.4 32.0 ± 0.14 3.2 32.6 ± 0.13 4.0

Va 15.7 ± 0.08 3.6 14.6±0.11 7.5 13.7 ± 0.08 6.2 14.3 ± 0.12 6.1 14.5 ± 0.11 7.5

Vi 3.7 ± 0.10 18.6 3.7±0.06 17.0 3.3 ± 0.08 24.2 3.5 ± 0.09 17.6 3.4 ± 0.06 16.7

Vc + ct 13.4 ± 0.10 5.2 13.6±0.07 5.0 14.1 ± 0.09 6.2 14.2 ± 0.10 4.8 14.6 ± 0.06 4.2

dentes 4.0 ± 0.00 0.0 4.0±0.00 0.0 4.0 ± 0.00 0.0 4.0 ± 0.00 0.0 4.0 ± 0.00 0.0

pop 11.0 ± 0.12 7.7 10.4±0.10 9.4 9.4 ± 0.11 11.7 10.2 ± 0.17 11.7 10.8 ± 0.13 8.6

dn 6.1 ± 0.07 7.6 6.3±0.05 7.5 6.1 ± 0.05 7.7 6.1 ± 0.10 11.3 6.6 ± 0.06 9.5

f 6.2 ± 0.11 12.4 5.7±0.08 13.7 6.2 ± 0.11 18.4 7.3 ± 0.21 20.6 6.1 ± 0.08 12.4

Table 3. Meristic characteristics of gibel carp from the studied water bodies

Note: mX - error of mean, CV – coefficient of variation, “-“ - data are not available.  
Source: Compiled by authors
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region, the number of single-row pharyngeal teeth, 
and the number of SSCs on the frontal bones.

The results of cluster analysis for the average 
values of 19 meristic traits are presented in Fig. 2.

Upon conducting a morphometric cluster 
analysis of the samples, they were categorized into 
three clusters: 1 – the sample from Lake Sredneye; 
2 – the samples from Lake Krivoye (2016), the Tura 
River, and the Nitsa River; 3 – the sample from Lake 
Krivoye (2018). Local populations of gibel carp in 
the Tura River, the Nitsa River, and Lake Krivoye 
form a standard cluster, reflecting the connectivity 
of the water bodies and possible migration of gibel 
carp individuals. The sample from Lake Sredneye 
again showed isolation, consistent with both the 
reservoir’s hydrology and the morphometric results. 
The sample from Lake Krivoye (2018) was isolated, 
which may confirm morphological changes that have 
occurred in the reservoir over two years. Overall, the 
distribution of gibel carp populations in the cluster 

analysis dendrogram is driven by the intensity of 
gene pool exchange among the studied populations.
The results of the dispersion analysis of fluctuating 
asymmetry for 10 meristic traits in samples of gibel 
carp from reservoirs with different hydrological 
types are presented in Fig. 3.

The greatest spread of the fluctuating asymmetry 
(FA) dispersion values ​​in all samples was 
determined for the number of gill rakers (Sp.br.) 
(Fig. 3), where the dispersion values ​​varied from 
0.19 (Nitsa River) to 13.33 (Tura River). In Lake 
Sredneye, this trait was relatively expressed in FA, 
with a value of 6.33. A relatively high proportion of 
dispersion in the gill rakers of crucian carp indicates 
that the development of this trait in individuals in 
the population is characterized by high variability, 
and it is likely that the fish population lives 
under unfavorable conditions. 

Among traits related to the scale cover of fish, 
the highest proportion of FA variance (0.73) for the 

Trait
The value of the Mann-Whitney U-test for pairwise comparison of samples

T-N Т-С Т-K16 Т-K18 S-N S-K16 S-K18 N-K16 N-K18 K16-K18

Sp.br. 0.745 1.662 0.946 0.000*** 2.000 1.998 0.732 0.673 1.100 1.861

l.l.total 2.000 1.748 2.000 0.000*** 0.000*** 0.005** 0.019* 0.353 1.949 1.195

l.l. 2.000 2.000 2.000 2.000 0.000*** 0.015* 2.000 1.147 2.000 2.000

l.l.above 1.997 2.000 2.000 0.025* 2.000 2.000 2.000 1.982 2.000 2.000

l.l.below 1.996 2.000 1.939 0.000*** 2.000 2.000 2.000 0.492 2.000 0.008**

Ds 2.000 2.000 - 0.070 1.974 - 2.000 - 2.000 -

Db 1.998 1.832 - 0.001*** 1.704 - 1.990 - 2.000 -

As 2.000 1.999 - 0.157 1.998 - 2.000 - 2.000 -

Ab 2.000 2.000 - 0.113 1.984 - 2.000 - 2.000 -

Pb 1.990 0.782 2.000 0.000*** 0.025* 0.000*** 0.068 2.000 1.679 1.994

Vb 1.985 1.612 2.000 0.000*** 0.014* 0.000*** 0.000*** 2.000 0.000*** 1.939

Vo 2.000 2.000 2.000 0.000*** 0.042* 0.000*** 1.160 2.000 1.865 2.000

Va 2.000 2.000 2.000 0.000*** 2.000 0.000*** 2.000 2.000 0.073 2.000

Vi 2.000 2.000 2.000 0.063 2.000 1.970 2.000 2.000 2.000 2.000

Vc + ct 1.960 0.000*** 0.155 1.943 0.000*** 0.002** 1.117 0.006** 2.000 2.000

dentes 2.000 2.000 2.000 2.000 2.000 2.000 2.000 2.000 2.000 2.000

pop 2.000 1.986 2.000 0.000*** 0.203 0.000*** 0.281 2.000 1.972 2.000

dn 2.000 0.833 2.000 0.075 0.009** 0.001*** 0.487 2.000 1.981 2.000

f 2.000 2.000 2.000 1.945 1.185 2.000 2.000 1.724 2.000 2.000

Table 4. Significant difference in meristic characteristics of gibel carp in the samples studied

Note: T – Tura River, N – Nitsa River, S – Lake Sredneye, K16 – Lake Krivoye (2016), K18 – Lake Krivoye 
(2018), “-“ - data are not available, * - the differences are valid on 1st level of significance (р≤0.05), ** – the 
differences are valid on the 2nd level of significance (р≤0.01), *** - differences are valid at level 3 of signifi-
cance (р≤0.001). Source: Compiled by authors.
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number of perforated scales in the lateral line was 
observed in Lake Krivoye (2016). The number of 
scales below and above the lateral line varied up 
to 0.06 in all samples. The level of FA variance in 
the pectoral fins was most pronounced in the Tura 
River (0.41). According to the SSC values ​​on three 
paired skull bones of fish, the highest FA variance 
was found for pop (0.47 for Tura River) and f (0.95 
for Lake Krivoye, 2018).

The highest level of average FA variance in the 
samples was found in the Tura River, where the 
highest proportion per trait was recorded in the 
spread of values ​​for the number of gill rakers, which 

likely reflects the most urbanized 
water area of ​​all those studied. Lake 
Sredneye ranks second in terms of 
the average FA dispersion in the 
sample, where the Sp.br. trait, where 
eutrophication was recorded, also 
made the greatest contribution. The 
FA dispersion index in 2016 and 
2018 samples from Lake Krivoye 
changed insignificantly, from 0.33 to 
0.21, respectively. However, in this 
reservoir, an increase in the number 
of SSC on the frontal bones of the 
head was noted from 0.27 (2016) 
to 0.95 (2018), which may likely 
reflect deterioration in fish habitat 
conditions. Reliable differences 
in dispersion values ​​(according to 
Fisher’s exact test) were noted in all 

pairs of lakes for meristic indicators (Fig. 4).
The most similar variants of relationships between 

samples were noted for the Tura and Nitsa rivers with 
lakes, which emphasizes the similarity of the results 
with the morphological, cluster analysis of samples.

The results of the assessment of gibel carp 
homeostasis from four water bodies using the FAPT 
indicator are presented in Tab. 5.

The age group of 5 and older exhibited the highest 
percentage of individuals with asymmetric traits in 
Lake Sredneye (44%). In the Tura and Nitsa rivers, 
the highest values for the number of asymmetric 
traits per individual (78 and 79%) were found in 

Fig. 2. Dendrogram of similarity of meristic traits of gibel carp in 
the studied water bodies, where: x-axis – water bodies (1 – Lake 
Sredneye, 2 – Lake Krivoye (2016), 3 – Lake Krivoye (2018), 
4 – Tura River, 5 – Nitsa River); y-axis – union distance. 
Source: Compiled by the authors.

Fig. 3. The dispersion proportion of fluctuating asymmetry per trait in samples of gibel carp from 
the studied reservoirs
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gibel carp aged 6+ and 7+. The age groups of 3+ and 
4+ exhibited the highest proportion of asymmetric 
individuals in Lake Krivoye (2016), with a total of 
82%. Two years later, in 2018, in the sample from 
this reservoir, the highest proportion of asymmetric 
individuals was found in the 5+ and 6+ age groups 
(74%), which is in good agreement and confirms the 
quality of the measurements.

The highest environmental assessment score of 4, 
according to the FAPT, for the gibel carp was found 
in Lake Sredneye and Lake Krivoye, which indicates 
significant deviation from the norm and confirms 
the results of hydrochemistry and morphometry. 
Based on the investigation’s findings, the Tura 
River is classified as having an average level of 
pollution. The Nitsa River was the most favorable 
water body, as the gibel carp population achieved an 
FAPT score of 1, indicating a conditionally normal 
habitat for the species. 

Additional monitoring and evaluation of water 
bodies’ conditions, as well as the implementation of 
measures to enhance water quality, are advised.

Discussion
The hydrological isolation of water bodies implies 
that the hydrochemical characteristics of rivers and 
lakes differ, which in turn affects the ecological 
and biological characteristics of organisms. The 
hydrochemical analysis data from the four water 
bodies under investigation illustrate the peculiar 
characteristics of their hydrological isolation and 
their influence on the biological characteristics 
of fish. Gibel carp inhabit suitable habitats in the 
studied water bodies due to the general indicators 
of low mineralization and neutrality of the 
environment. Nevertheless, the morphology of this 

species is influenced by the identified differences in 
hydrochemical parameters. 

The literature contains information on the 
influence of abiotic factors on the development of 
various fish traits (Yankova, 2006; Kotegov, 2024). 
It is known that the most favorable environment for 
most fish is neutral (pH 7). The oxygen threshold 
increases and the respiration rate decreases as the pH 
shifts significantly toward acidity or alkalinity. The 
ionic composition of the water, oxygen regimen, and 
the presence of nitrogen, carbon dioxide, phosphates, 
and free carbon dioxide are also important for normal 
fish development (Vasilyev et al., 2013).

The Tura River in the study area is characterized 
by high color and increased permanganate 
oxidizability. These indicators are likely influenced 
by organic matter decomposition, agricultural runoff, 
and the proximity of populated areas. However, the 
low biochemical oxygen demand (BOD5) indicates 
that this area is not in critical condition. In contrast, 
the Nitsa River, which has a lower anthropogenic 
load, has a higher BOD5 level. This may indicate 
the presence of organic matter and high microflora 
activity in the spring and summer.

Water analysis from Lake Krivoye and Lake 
Sredneye revealed that the lack of water flow in 
these ecosystems can lead to ion accumulation, 
as well as higher BOD5 values and eutrophication 
processes. Recorded MAC excesses for five 
hydrochemical parameters in Lake Sredneye 
highlight stressful habitat conditions associated 
with higher BOD5 values and eutrophication of the 
gibel carp population, consistent with the results of 
morphometric analysis and fluctuating asymmetry.

Meristic characteristics of the gibel carp 
population also showed substantial disparities 
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Fig. 4. The number of reliable differences in the variance of fluctuating asymmetry of bilateral traits between 
the studied samples, where: T is the Tura River, N is the Nitsa River, S is Lake Sredneye, K16 is Lake Kriv-
oye (2016), K18 is Lake Krivoye (2018).
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among the investigated bodies of water, particularly 
between Lake Sredneye and the others. This apparent 
separation may be due to hydrological isolation and 
differences in environmental conditions, including 
oxygen levels and overall hydrochemistry. The 
detection of a high proportion of differences in 
meristic traits, such as gill raker number, indicates 
high variability under conditions unsuitable for 
stable population development and requires a 
comprehensive analysis, including genetic methods.

The common cluster of gibel carp populations 

from the Tura and Nitsa rivers and Lake Krivoye 
was identified through cluster analysis, which 
supports the notion that individuals may migrate 
among these bodies of water. At the same time, 
sampling from Lake Sredneye reinforces its 
isolation, emphasizing the need for further research 
to understand the causes and consequences of 
morphological changes in this group.

The gibel carp is undemanding regarding 
environmental conditions and, based on its biological 
characteristics, is remarkably tolerant of low 

Reservoir Age

The number of 
individuals in the 

sample, asymmetric 
in the number of 

traits (%)

Average value 
FAPT ± mX Point

Lake Sredneye

4+ 37

0,40 ± 0,07 4
5+ 44

6+ 16

7+ 3

Lake Krivoye (2016)

2+ 1

0,37 ± 0,06 3

3+ 41

4+ 41

5+ 12

6+ 2

7+ 1

8+ 2

Lake Krivoye (2018)

3+ 2

0,41 ± 0,07 4

4+ 8

5+ 42

6+ 32

7+ 14

8+ 2

Tura river

5+ 14

0,35 ± 0,06 3
6+ 34

7+ 44

8+ 8

Nitsa river

5+ 13

0,24 ± 0,04 1
6+ 52

7+ 27

8+ 8

Table 5. Frequency of asymmetric manifestation of traits in representatives of gibel carp of different ages 
from the studied reservoirs

Note: mX - error of mean
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oxygen levels (Fagernes et al., 2017). Conversely, 
the degree of comfort in water bodies continues 
to fluctuate, and the fluctuating asymmetry index 
indicates even minor disruptions in developmental 
stability in both local populations and individual 
groups (Yankova, 2006).

In this study, the FA analysis was performed 
on samples comprising 50 specimens (Tura River, 
Lake Krivoye 2018) and 100 specimens (Lake 
Sredneye, Nitsa River, Lake Krivoye 2016), which 
is a sufficient sample size for this study (Ministry of 
Natural Resources of the Russian Federation, 2003). 
Also, the number of analyzed traits (10 indicators) is 
presentable. Generally, the examination of fluctuating 
asymmetry indicators in gibel carp populations 
demonstrated that developmental stability decreases 
in the compared lakes as anthropogenic impact 
increases and oxygen conditions deteriorate. The 
more stable and genetically determined a trait is, 
the more it is influenced by FA, and conversely 
(Zakharov, 1981; Vasilyeva & Vasilyev, 2005; Nunes 
& Souto, 2022; Kotegov, 2024). 

It is known that gibel carp, based on its biological 
characteristics, can form hybrids with other 
cyprinids (Goriunova et al., 2017). The Sp.br. trait 
is genetically variable, and hybrid forms of gibel 
carp, for example with crucian carp, in the wild can 
have intermediate values of 40 to 50 (Goriunova et 
al., 2017), which in turn can significantly influence 
the data dispersion. Therefore, additional research 
including genetic analysis is recommended.

The Nitsa River, as a body of water with 
relatively normal environmental conditions, plays 
an important role in maintaining the health of the 
gibel carp population in southern Western Siberia. 
Meanwhile, Lake Sredneye and Lake Krivoye 
require special attention and monitoring to prevent 
further environmental deterioration.

The obtained data are consistent with hydrological, 
hydrochemical, and morphological values and are 
confirmed by literary data (Zinoviev & Mandritsa, 
2003; Yankova, 2006; Peskova & Khoroshenkov, 
2013; Nunes & Souto, 2022; Kotegov, 2024).

In general, the analysis of fluctuating asymmetry 
indices in gibel carp populations demonstrated that 
developmental stability decreases in the compared 
lakes due to deteriorating oxygen conditions and 
increasing anthropogenic impact. Based on its 
biological characteristics, gibel carp is particularly 
tolerant of low oxygen levels and is not particularly 
demanding in terms of habitat conditions (Fagernes, 
Stenslokken & Rohr, 2017). Nevertheless, the 
levels of comfort in water bodies differ, and the 
fluctuating asymmetry index indicates even minor 
disruptions in developmental stability in both the 
local population as a whole and in individual groups 

(Yankova, 2006; Kotegov, 2015).
These studies emphasize the significance of 

integrating hydrological, hydrochemical, and 
morphological data to achieve a comprehension 
of ecosystem changes. It is advisable to conduct 
additional monitoring and assessment of water body 
conditions, and to develop any necessary measures 
to enhance water quality.

Conclusion
A study of the hydrochemical and morphological 
characteristics of gibel carp populations in various 
water bodies located in the south of Western Siberia 
revealed significant differences due to hydrological 
isolation, chemical parameters, and anthropogenic 
impact. The data collected enable us to derive several 
significant conclusions that may be beneficial for 
both theoretical and practical applications.

The study demonstrated a relationship between 
hydrological and hydrochemical conditions and 
the morphological traits of fish populations, 
highlighting the importance of an integrated 
approach to studying ecosystems. The identified 
patterns contribute to a deeper understanding 
of the influence of environmental factors on the 
biology and morphology of aquatic organisms and 
underscore the need for further research. The data 
support the hypothesis that habitat modification by 
biotic and anthropogenic factors leads to significant 
changes in organism morphology.

The study’s results may be relevant to the 
development of strategies for the management 
and protection of aquatic bioresources. The 
identified environmental challenges in Lakes 
Sredneye and Krivoye (suffocation and exceeding 
MAC for hydrochemical parameters) require 
further monitoring and the development of 
ecosystem restoration measures. Furthermore, the 
implementation of additional genetic analyses may 
facilitate the understanding and investigation of 
adaptive modifications in populations exposed to 
adverse environmental conditions.

This study can serve as a basis for further research 
on adaptive mechanisms, migration processes, 
and the influence of habitat on the morphological 
and genetic characteristics of populations of 
carp fish species, in particular C. gibelio, in 
reservoirs of Western Siberia.
Acknowledgments. The authors express their gratitude 
to A.I. Kovalenko and O.A. Chelnokova, specialists 
at the Tyumen branch of “VNIRO” (“Gosrybcenter”) 
(Russia), for their participation in the hydrochemical 
analysis of water bodies. The authors express special 
thanks to I.V. Sidorov for assistance and help during the 
field research phase.

BIOLOGICA NYSSANA ● 17 (1) June 2026: Bitner & Smolina ● Morphometry and fluctuating asymmetry of the gibel 
carp (Carassius gibelio) in bodies of water with different types of hidrology



32

References
Abakumov, V. A. (1991). Ecological modifications 
and development of biocenoses. Ecological 
modifications and criteria for ecological regulation 
(pp. 18–40). Gidrometeoizdat.
Abramenko, M. I. (2011). Adaptive mechanisms 
of distribution and quantity dynamics of Carassius 
auratus gibelio in the Ponto-Caspian region (on 
example of the Azov Basin). Russian Journal of 
Biological Invasions, 2(4), 3–27.
Abramenko, M. I., & Nedviga, I. V. (2011). 
Retrospective analysis of the causes and 
consequences of the outbreak of the silver carp 
Carassius auratus gibelio (Bloch, 1782) in the 
Tsimlyansk Reservoir. In Tsimlyansk Reservoir: 
State of aquatic and coastal ecosystems, problems 
and solutions (pp. 46–61).
Abramenko, M. I., Kravchenko, O. V., & 
Velikoivanenko, A. E. (1997). Population genetic 
structure of the goldfish Carassius auratus gibelio 
diploid–triploid complex from the Don River Basin. 
Journal of Ichthyology, 37(1), 62–67.
Alekin, O. A. (1970). Fundamentals of 
hydrochemistry. Gidrometeoizdat.
Apalikova, O. V. (2008). Phylogeography of ploidy 
and mtDNA of the silver crucian carp Carassius 
auratus gibelio in Eurasian populations. Dal’nauka, 
4, 389–397.
Bitner, M. I., & Smolina, N. V. (2023). Some 
cytogenetic features of Carassius gibelio and 
Carassius carassius populations living in 
hydrologically diverse reservoirs of the Tura River 
Basin. Bulletin of Nizhnevartovsk State University, 
63(3), 47–57. https://doi.org/10.36906/2311-
4444/23-3/04
Fagernes, C. E., Stenslokken, K. O., & Rohr, 
A. K. (2017). Extreme anoxia tolerance in crucian 
carp and goldfish through neofunctionalization of 
duplicated genes creating a new ethanol-producing 
pyruvate decarboxylase pathway. Scientific Reports, 
7, Article 7884. https://doi.org/10.1038/s41598-017-
07385-4
Goriunova, A. I., Isbekov, K. B., Asylbekova, 
S. J., & Danko, Y. K. (2017). About crucians of 
periodically drying up steppe lakes of Northern 
Kazakhstan in the light of modern domestic and 
foreign research. Commercial Species and Their 
Biology. Proceedings of VNIRO, 165, 27–44.
Kirpichnikov, V. S. (1987). Genetics, selection and 
hybridization of fish. Nauka.

Kokorina, N. V., & Tatarintsev, P. B. (2010). 
Methodological issues of selecting bioindication 
test objects using the algorithm for comparing 
coefficients of variation. Bulletin of Tomsk State 
University. Biology, 3(11), 141–151.
Kotegov, B. G. (2015). Indicators of fluctuating 
asymmetry of the seismosensory system of fish in 
the Izhevsk Reservoir as a reflection of its ecological 
state. Science of Udmurtia, 3(73), 99–105.
Kotegov, B. G. (2024). Patterns of variability of 
discrete features of the seismosensory system of 
the head in freshwater fishes in heterogeneous 
hydrochemical conditions (Doctoral dissertation). 
Udmurt State University.
Lajus, D. L., Golovin, P. V., Yurtseva, A. O., 
Ivanova, T. S., Dorgham, A. S., & Ivanov, M. V. 
(2019). Fluctuating asymmetry as an indicator of 
stress and fitness in stickleback: A review of the 
literature and examination of cranial structures. 
Evolutionary Ecology Research, 20(1–3), 83–106.
Lakin, G. F. (1990). Biometry. Vysshaya Shkola.
Makoedov, A. N., & Korotaeva, O. B. (1999). 
Population phenetics of fishes. UMK Psychology.
Ministry of Natural Resources of the Russian 
Federation. (2003). Guidelines for assessing the 
quality of the environment based on the state of 
living beings (assessment of the stability of the 
development of living organisms based on the level 
of asymmetry of morphological structures) (Order 
No. 460-p). Standartinform.
Nikol’skii, G. V. (1974). Ecology of fishes. Vysshaya 
Shkola.
Nikol’skii, G. V. (1986). Species structure and 
patterns of fish variability. Pishchepromizdat.
Nunes, V. C. S., & Souto, P. M. (2022). Fluctuating 
asymmetry (FA). In Encyclopedia of animal 
cognition and behavior (pp. 2756–2761). Springer. 
https://doi.org/10.1007/978-3-319-55065-7-1925
Odum, E. P. (1986). Ecology. Mir.
Pak, I. V. (2005). Comprehensive morphogenetic 
assessment of the state of natural fish populations. 
Tyumen State University.
Peskova, T. Yu., & Khoroshenkov, E. A. (2013). 
Fluctuating asymmetry of goldfish and bream of 
some steppe rivers of the Kuban region. Bulletin of 
Tambov University, 18(6), 3107–3109.
Pobedintseva, M. A., Reshetnikova, S. N., 
Serdyukova, N. A., Bishani, A., Trifonov, V. A., & 
Interesova, E. A. (2021). Genetic diversity of the 
Prussian carp, Carassius gibelio (Cyprinidae), in the 

BIOLOGICA NYSSANA ● 17 (1) June 2026: Bitner & Smolina ● Morphometry and fluctuating asymmetry of the gibel 
carp (Carassius gibelio) in bodies of water with different types of hidrology



33

Middle Ob Basin. Genetika, 57(4), 429–436. https://
doi.org/10.31857/S0016675821040111
Pravdin, I. F. (1966). Manual for the study of fishes. 
Food Industry.
Reshetnikov, Yu. S., Popova, O. A., Kashulin, N. 
A., Lukin, A. A., Amundsen, P. A., & Staldvik, F. 
(1999). Evaluation of the well-being of fish in aquatic 
communities based on morphopathological analysis. 
Advances in Modern Biology, 119(2), 165–177.
Romanov, N. S. (2019). Fluctuating asymmetry, 
geographical variability and variability of traits 
of Japanese dace from different areas of its range. 
Journal of Ichthyology, 59(3), 258–267.
Shilov, I. A. (1984). Stress as an ecological 
phenomenon. Zoological Journal, 63(6), 805–812.
Vasilyev, A. A., Kiyashko, V. V., & Maspanova, 
S. A. (2013). Reserves of fish production increase. 
Agrarian Scientific Journal, 2, 14–16.
Vasilyeva, E. D., & Vasilyev, V. P. (2005). 
Genetic and phenotypic variability of quantitative 
morphological characters in fish: Comparative 
analysis of clonal and bisexual forms of the goldfish 
Carassius auratus. Journal of Ichthyology, 45(5), 
581–593.
Vekhov, D. A. (2013). Some problematic issues 
of biology of the silver crucian carp Carassius 
auratus s.l. Scientific and Technical Bulletin of the 
Ichthyology Laboratory of INECO, 19, 5–38.

Yadrenkina, E. N. (2011). Structural and functional 
organization of fish populations in frozen lakes of 
Western Siberia (Doctoral dissertation). Institute of 
Systematics and Ecology of Animals SB RAS.
Yadrenkina, E. N., Interesova, E. A., Yadrenkin, 
A. V., & Khakimov, R. M. (2005). On the spatial 
differentiation of carp fish populations in Lake 
Chany (Western Siberia). Siberian Ecological 
Journal, 12(2), 293–304.
Yankova, N. V. (2006). Ecological and 
morphological features of diploid–triploid 
complexes of the silver carp Carassius auratus 
gibelio (Candidate dissertation). Tyumen State 
University.
Zakharov, V. M. (1981). Asymmetry of 
morphological structures of animals as an indicator 
of minor changes in the state of the environment. 
In Issues of ecological monitoring and modeling of 
ecosystems (pp. 115–123).
Zakharov, V. M. (1987). Asymmetry of animals. 
Nauka.
Zinoviev, E. A., & Mandritsa, S. A. (2003). Methods 
of studying freshwater fishes. Perm University Press.

BIOLOGICA NYSSANA ● 17 (1) June 2026: Bitner & Smolina ● Morphometry and fluctuating asymmetry of the gibel 
carp (Carassius gibelio) in bodies of water with different types of hidrology




