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Studying fish growth is a complex task because growth depends on many factors. The process of fish growth is influenced by ecologi-
cal factors of the water environment. Each species of fish has growth characteristics and characteristic changes in this process as a result of 
the action of natural and anthropogenic factors. We investigated the morphometric features of Scardinius erythrophthalmus in the hydroeco-
system conditions of the Horyn River. Fish were caught by amateur fishing methods during 2018–2021 in the section of the hydrographic 
system of the Horyn River within the Rivne Plateau, which is the northern part of the Volhynian Upland , namely the Horyn River and its 
tributaries – the Zamchysko River, the Ustia River, and the Stubelka River. The catches included fish aged from 0+ (one-year-olds) to 5+ 
(five-year-olds). Growth variability was studied for fish aged 1+ to 4+ because their numbers were sufficient for statistical evaluation. 
We noticed clear features of the morphometric variability of the fish. According to the coefficient of variation for the general populations of 
S. erythrophthalmus from different rivers, there was mostly significant variability of such growth characteristics as the largest and smallest 
fish body height, total length, Smith length and short body length of fish. We also noticed the similarity of the morphometric variability of 
fish of different ages for the Horyn River and Stubelka River and Zamchisko River and Ustia River. The analysis and evaluation of the 
surface water quality of these rivers was also similar. Thus, Horyn and Stubla districts had a transitional state from II to III quality class, and 
the Zamchysko River and Ustya River districts had a transitional state from III to IV quality class. We conducted a multivariate regression 
and it revealed statistical significance and a close correlation between the coefficients of variation of the growth characteristics of fish with the 
phosphate content in the water (with an average value of the weighting coefficients of 0.50 ± 0.06), nitrite nitrogen (0.39 ± 0.10) and nitrate 
nitrogen (0.84 ± 0.34). The calculation of the specific growth of fish by full length revealed that the intensity of growth is the highest between 
the first and second year of life of fish for small rivers (Zamchysko River, Ustya River, Stubelka River) and between the second and third 
year for the Horyn River. The results presented in the article are valuable and describe the local variation in the morphometric variability of 
S. erythrophthalmus. This expanded the understanding of the influence of ecological factors of the aquatic environment on the formation of 
growth characteristics of this species of fish. In the future, our research will continue and study the linear growth of natural fish populations 
against the background of changes in the ecological and hydrological conditions of the studied region.  

Keywords: fish growth; age of fish; coefficient of variation; growth rate; influence of environmental factors; surface water quality.  

Introduction  
 

Morphometry, as a method of taxonomic identification, is extremely 
important for assessing the variability of fish growth, their ontogenesis, 
and population formation. This importance is reflected in the large amount 
of scientific literature that presents multiple datasets on the size differentia-
tion of fish in water bodies of different natural and climatic zones under 
the influence of biotic and abiotic factors. Such studies always attract 
attention as they combine physiological and environmental fields of study 
and, therefore, develop new methodological approaches to the systemati-
sation of modern ideas about real changes in fish growth under the influ-
ence of various factors at different ontogenesis stages.  

It is known that growth rate changes in fish, like in all vertebrates, oc-
cur as a result of metabolic regulation (Norris & Carr, 2013). At the same 
time, the growth process significantly depends on the conditions of exis-
tence of the fish organism and is a total reflection of the lifestyle peculiari-
ties of both individuals and populations as a whole (Dgebuadze, 2001). 
The researches regarding the natural and artificial groups of fish show that 
their appearance is influenced by such physical and chemical factors of the 
water environment as depth (Guo et al., 2019), current speed (Dudgeon, 
2000), salinity (Yu et al., 2021), transparency, temperature regime (Saha 
et al., 2022), the presence of toxic elements (Mahmoud et al., 2020), etc. 
Furthermore, the nature of fish growth is closely related to inter-organism 
interaction in water bodies (Jeffres et al., 2020). The study of morphome-

tric features of fish has proven to be useful for understanding such a com-
plex and dynamic process as the formation of dimensional diversity of 
single-species fish groups. Most of such information is presented for those 
species of fish that have industrial importance (Resende et al., 2016; Khalil 
et al., 2022; Xavier et al., 2022). In such cases, morphometric features ref-
lect the conditions of fish cultivation in artificial conditions (Liu et al., 
2022), or their development in their wild populations (O’Connor & 
Booth, 2021). Similar studies in the scientific literature are less common 
for fish from natural water bodies that do not have significant industrial 
value. One of these species is the rudd Scardinius erythrophthalmus (Lin-
naeus, 1758), which is very common in freshwater habitats (Fieseler & 
Wolter, 2006). The natural range of this species is located in the middle 
latitudes of the temperate climate zone (Kennedy & Fitzmaurice, 1974). 
It is also known that this species is often found in the rivers of New Zea-
land, Italy, Ireland, Canada, Finland (Kennedy & Fitzmaurice, 1974; 
Grossman et al., 1992; Neilson, 2004; Horppila & Nurminen, 2009; Ma-
ceda-Veiga & De Sostoa, 2011).  

Scientists often use the redfin to study the general physiological cha-
racteristics of fish (Muntz & Northmore, 1973; Knapp & Wieser, 1981; 
Teien et al., 2021). Also, there are known interesting studies on morpho-
metric and meristic features of this species with different goals. Thus, 
using the example of differences in morphometric characteristics, statisti-
cal significance was proven for the species S. erythrophthalmus and 
S. elmaliensis (Bogutskaya, 1997) in the rivers of Turkey (Ilhan, 2019). 
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In other studies, it was shown that the species related to the rudd in the 
water bodies of Montenegro had noticeable differences in several mor-
phological features. In particular, Scardinius knezevici from Lake Skadar 
differs from S. erythrophthalmus from the Neretva and Krka rivers, as 
they have a noticeably slimmer body, fewer lateral line scales, and less 
branched anal fin rays (Bianco & Kottelat, 2005). Using the example of 
the rudd in Greek water bodies, it is shown that the measurement of the 
pharyngeal bone is a sensitive characteristic for the successful identifica-
tion of different species. This approach has proven effective within the 
same Scardinius genus with identical tooth types and dental formulas 
(Iliadou & Anderson, 1998). It is worth giving an example of detailed 
studies of morphometric measurements of otoliths of the S. erythroph-
thalmus. The coefficient of variation established at that time showed that 
otolitiths were the most reliable structures for determining fish age (Gu-
mus et al., 2007). The morphometric description of the rudd in the combined 
type of hydroecosystem showed a difference in the set of analyzed characte-
ristics of fish in the river and lakes. The authors of this study assume that the 
morphological characteristics of the rudd depend on the development speed 
of its growth at an early stage of life (Mavrin et al., 2017).  

There is an overwhelming amount of current scientific evidence that 
monitoring fish growth, including the species S. erythrophthalmus, in na-
tural water bodies contributes to obtaining important information about 
ecological speciation, dimensional variability and stability of fish popula-
tions (Scharbert & Borcherding, 2013). Thus, in the reservoirs of Poland, 
the redfin from warm waters had a longer head, lower and narrower body, 
shorter pre-dorsal and post-dorsal distances (Szlachciak, & Strakowska, 
2010). There are studies that use the morphometric features of S. erythro-
phthalmus for the purpose of preserving the species and managing its 
fishing in rivers (Gürsoy Gaygusuz, 2018). In the studies carried out du-
ring 1963–1995 in the Klicava Reservoir (Czech Republic), in the fore-
casts of the growth of the number of rudd, the most indicative morpho-
metric parameter turned out to be the total length of the fish, which ex-
plained the changes in growth (Pivnička & Švátora, 2010). The morpho-
metric variability of fish is also used in studies of the geographical distribu-
tion of populations. For example, body length variation of S. erythroph-
thalmus from European populations at age 1+ was more pronounced at 
southern latitudes in the northern ones (Tarkan et al., 2010).  

Morphometric characteristics are one of the main instruments in ana-
lyzing the peculiarities of fish growth and population structure. For exam-
ple, the study of the rudd from Lake Ladik population during the years 
2009–2010 established that among 1329 specimens, the average length of 
the body of fish ranged 9.8–21.4 cm. At the same time, the ratio of length-
weight in the average for age category from 0+ to 7+ was higher in males 
than in females (Yazici et al., 2015). Interestingly, when studying mor-
phometric characteristics of rudd in Lake Vrana (Croatia) in 2008, one 
specimen of rudd, which was caught by a fishing athlete, had a total length 
of 617 mm, a small length of 541 mm and weight of 3623 g, which is a 
record now (Šprem et al., 2010). And although morphometric data has 
long been used in the classification of different types of fish, as well as in 
environmental practice (Iliadou & Anderson, 1998), the study of mor-
phometry of the rudd is limited to certain regions. This knowledge, along 
with the study of the environmental position of water bodies, contributes 
to the understanding of the influence of water quality on growth processes, 
the formation and maintenance of biodiversity, and the distribution of fish 
species in aquatic ecosystems (Cordoleani et al., 2022).  

The foremost objective of our research was to track the morphometric 
variability of Scardinius erythrophthalmus (Linnaeus, 1758) in the middle 
course of the hydrographic system of the Horyn River within the Rivne 
Plateau in order to find out local variations in the dependence of the fish 
size characteristics on the hydrochemical factors of their habitat. We have 
formulated our working hypothesis as follows: fish growth features de-
pend primarily on species characteristics, but within the limits of local 
variations their variability depends on environmental conditions of the 
water environment.  
 
Materials and methods  
 

Scardinius erythrophthalmus is a typical stout-bodied freshwater fish 
of the carp family (Cyprinidae). It’s phytophile (plant spawner) and eury-

phage, spawns for the first time in the third year of life, in the early stages 
of ontogenesis it prefers to stay in shallow water zones. It has a small 
industrial value in aquaculture, although there is evidence of the appro-
priateness of using the species in the human diet because of the saturation 
of its muscle tissue with omega-3 fatty acids (Bayar et al., 2020). Regula-
tion of populations of this species is used to optimize the number of phy-
toplankton in water (Ravera & Jamet, 1991; Venugopal & Winfield, 
1993). Within the Horyn River basin, this species is one of the most wide-
spread representatives of the ichthyofauna and accounts for about 21% of 
the total number of fish in the hydrological network of small and medium 
rivers.  

The research was conducted during 2018–2021 in the section of the 
hydrographic system of the Horyn River within the Rivne Plateau, which 
is the northern part of the Volhynian Upland. Fish catches were carried out 
in July–August every year by amateur fishing methods using rods and 
landing nets. The coordinates of the control catch site points where the fish 
was caught are shown below: (1) Horyn River – 50°46'37" N, 26°07'23" 
E; (2) Zamchysko River – 50°51'03" N, 26°29'05" E; (3) Ustia River – 
50°44'27" N, 26°07'25" E; (4) Stubelka River – 50°47'07" N, 25°58'26" E 
(Fig. 1). The distance between the places of control catch sites was deter-
mined relative to the main river – Horyn River. The distance between the 
first and second sections was 26.63 km; the distance between the first and 
third sections was 5.0 km; the distance between the first and fourth sec-
tions was 9.64 km. The areas of riverbeds where the researchers collected 
ichthyological material were characterised by the absence of the waste 
water impact and absence of violations of the boundaries of water protec-
tion protective zones.  

The Horyn River according to the EU WFD (European Communites 
WFD CIS Common Implementation Strategy for the Water Framework 
Directive (2000/60/EC) (2003). Guidance document No. 5. Transitional 
and Coastal Water: typology, reference conditions and classification sys-
tems. Luxembourg) is classified as a large river, the Zamchysko River, 
Ustia River and Stubelka River according to the size of the catchment area 
and the length of the riverbed belong to the category of small rivers.  

While evaluating the morphometric measurements and ratios of fish, 
the researchers measured linear features according to the carp measure-
ment scheme (Shevchenko & Pylypenko, 2018) using a ruler and a beam 
with trammel head and fine adjustment (Fig. 2).  

The sample included 231 fish (S. erythrophthalmus), particularly: n = 
49 fish for the Horyn River; n = 61 fish for the Ustia River; n = 62 fish for 
the Zamchysko River; n = 59 fish for the Stubelka River. The age of the 
fish (Fig. 3) was determined by the scales taken in the central part of the 
body under the dorsal fin, above the lateral line from each fish.  

The scale samples were fixed by immersing them in acidic formalin 
and examined under a light biological trinocular microscope (Microton-
400) at a total 8 x 40 magnification (Dgebuadze & Chernova, 2003). 
The data were systematised for each of the studied morphometric features 
for the general aggregate of the obtained samples and separately by age 
categories of fish from 1+ to 4+ (which number allowed for descriptive 
statistics) in order to compare growth features at different stages of fish 
ontogenesis.  

The specific growth rate of different age categories of fish was calcu-
lated according to the Schmalhausen-Brody equation (Dgebuadze, 2001):  

С =
lg 𝑙𝑙𝑛𝑛 − lg 𝑙𝑙0

0.4343(𝑡𝑡𝑛𝑛 − 𝑡𝑡0)
 

where l0 is the initial fish length in the initial time period; t0; ln is the final 
fish body length in the final time period l0.  

Water samples of the investigated rivers were selected in the places of 
fishing, in each year of research, according to the standardized method 
(DSTU ISO 5667-6:2009 Water quality. Sampling of samples. Part 6. 
Guidelines for taking samples from rivers and streams. Ukrainian Re-
search Institute of Environmental Problems, 2011). On the same day, 
samples were delivered to the laboratory of Rivne Regional Environmen-
tal Inspection. The assessment is based on the results of the chemical and 
analytical control for 12 hydrochemical indicators, which were grouped 
into three blocks, namely: salt composition (sulphates, chlorides), trophic 
saprobity (suspended solids, ammonia-nitrogen, nitrate-nitrogen, nitrite-
nitrogen, phosphates, BOD5, dissolved oxygen) and specific toxic sub-
stances (iron, copper, zinc).  
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Fig. 1. Location of control catch sites in the investigated part of the hydrographic system of the Horyn River  

 
Fig. 2. Morphometric fish measurement scheme: ce is total (zoological) 
body length, mm; ca is body length from the tip of the snout to the end of 
the middle caudal fin rays (according to Smith or fork length), mm; cd is 
standard (ichthyological) body length excluding the length of the caudal 
(tail) fin, mm; no is the diameter of the eye (horizontal), mm; cp is head 
length, mm; gh is the greatest height of the body, mm; ik is the smallest 

height of the body (height of the caudal peduncle), mm  

 
Fig. 3. Age structure of S. erythrophthalmus given the hydrological  

connectivity of the Horyn River within the Rivne Plateau Area  

The researchers carried out the environmental assessment of the sur-
face water quality in the research areas of rivers in line with the "Methods ... 
according to the relevant categories" (Romanenko et al., 1998). The me-
thod includes assessment of hydrochemical parameters of water according 
to three blocks of parameters: 1 – salt composition (І1), 2 – trophic saprobi-
ty composition (І2), 3 – specific toxic substances (І3). The raw data were 
grouped together in blocks: the average values were calculated, the mini-
mum and maximum (worst) values were determined, which all together 
characterized the variability of values of each of the water quality indica-
tors in real conditions of performance and analysis of the results of re-
searches.  

The values of the categories of water quality have been determined by 
the method algorithm for all indicators of each block. The average values 
for the three blocks of water quality indices were determined by calcula-
ting the average category number according to all indicators of this unit. 
The phase of the joint water quality assessment consisted in the calculation 
of the ecological index (Ie):  

𝐼𝐼𝑒𝑒 =
𝐼𝐼1 + 𝐼𝐼2 + 𝐼𝐼3

3
 

The names given to classes and categories of water quality by their 
ecological condition have been determined by the scale: the I class with 
one category (1) – excellent; the II class is good, with two categories: very 
good (2) and good (3); the III class is satisfactory, with two categories: 
satisfactory (4) and intermediate (5); the IV class with one category (6) is 
bad; the V class with one category (7) is very bad. The names given to 
classes and categories of water quality by their degree of purity (pollution) 
have been determined by the scale: the I class with one category (1) is very 
clean; the II class is clean, with two categories: pure (2) and fairly clean 
(3); the III class is dirty, with two categories: poorly polluted (4) and mo-
derately contaminated (5); the IV class with one category (6) is dirty; 
the V class with one category (7) is very dirty.  

The obtained data were given statistical processing by means of sin-
gle-factor dispersion analysis (Akritas et al., 1997) and multifactor correla-
tion regression (Camargo, 1996) by means of packages ANOVA, Basic 
Statistic and Multiple Regression, Honestly Significant Difference test 
(Mcdonald, 2014) using the statistical program Statistica 8.0 (Corain & 
Salmaso, 2007). Illustrations were formed and processed with Adobe 
Photoshop version 21.2.9 2020. A fragment of the topographic map that is 
shown in Figure 1 was obtained with the help of a cartographic underlay 
Open Street Maps (Zohar, 2021).  
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Results  
 

The results of the conducted morphometric assessments of the gene-
ral aggregate of the S. erythrophthalmus from the Horyn River indicate 
that such growth characteristics as the largest and smallest body height of 
fish had significant variability. The corresponding coefficients of variation 
(CV) for these characteristics within the age categories from 0+ to 5+ 

were equal to 36.4% and 41.6%. Total length (CV = 28.7%), fork length 
(CV = 28.9%) and standard length of fish (CV = 28.8%) also showed 
significant variability. According to the horizontal diameter of the eye and 
the head length, the variability of the features was average (the corres-
ponding coefficients of variation were equal to 21.5% and 24.6%).  

The morphometric assessment of individual age categories of fish re-
vealed slightly different variability in their growth characteristics (Table 1).  

Table 1  
Descriptive statistics of morphometric size features of S. erythrophthalmus in the Horyn River by particular age categories  

Note: n is number of individuals in the sample; x is the arithmetic mean value in the sample; SE is the standаrd error; Min–Max is minimum and maximum values of features in 
the sample; CV is the coefficient of variation for values features.  

Hence, the age category 1+ had insignificant variability of features for 
total length and fork length (coefficients of variation <11%). The rest of 
the features revealed medium variability, with coefficients of variation 
ranging from 11.1% to 17.0%. At the same time, the greatest range of 
variation was in the standard length (71.3 ± 3.2 mm) with the minimum 
and maximum values of 59 mm and 88 mm, respectively. Within the 
category 2+, the greatest and smallest fish body heights were characterised 
by significant morphometric variability (corresponding coefficients of 
variation were equal to 26.3% and 25.8%). The variability of the eye 
diameter was insignificant (CV = 7.7%). The rest of the features revealed 
medium variability, with coefficients of variation ranging from 11.8% to 
26.3%. The greatest body height (29.7 ± 1.8 mm) manifested the most 
significant range of variation within this age category with a minimum 
and maximum value of 18 and 44 mm, respectively. Within the category 
3+, the morphometric features in the sample of S. erythrophthalmus were 
characterised by weak (CV from 8.0% to 10.8% for the total body length, 
the length according to Smith, the diameter of the eye, the head length) 
and medium (CV from 14.2% to 22.9% for the standard body length, the 
greatest height of the body, the smallest height of the body) variability, 
with the largest range of variation in the standard body length (124.0 ± 
6.7 mm) given the minimum and maximum of 106 and 151 mm, respec-

tively. The age category 4+ demonstrated mainly high variability of fea-
tures (total body length, length according to Smith, standard body length, 
greatest height of the body, smallest height of the body) with a coefficient 
of variation ranging from 28.7% to 41.6%. At the same time, the greatest 
range of variation was in the smallest body height (11.8 ± 0.7 mm) with 
the minimum and maximum values of 7 and 24 mm, respectively. Within 
this age category, morphometric features such as eye diagonal and head 
length had moderate variability (respective coefficients of variation were 
equal to 21.5% and 24.6%).  

The general aggregate of the sample of S. erythrophthalmus in the 
Zamchysko River demonstrated the most noticeable variability for the 
greatest and smallest body height (corresponding coefficients of variation 
were equal to 43.8% and 39.9%). Total length (CV = 33.0%), fork length 
(CV = 34.3%) and standard length of fish (CV = 36.3%) also showed 
significant variability. According to the diameter of the eye and the head 
length, the variability of the features was average (the corresponding coef-
ficients of variation were equal to 21.9% and 24.0%).  

The vast majority of the estimated growth characteristics of individu-
als aged 1+ had a coefficient of variation ranging from 11.5% (eye diame-
ter) to 17.8% (the smallest body height), which indicated their average 
variability (Table 2).  

Table 2  
Descriptive statistics of morphometric size features of S. erythrophthalmus in the Zamchysko River by particular age categories  

Note: see Table 1.  

Total fish body length and fork length demonstrated low variability 
with CV = 8.9% and CV = 9.8%, respectively. The greatest range of 
variation was in the standard fish body length (71.2 ± 11.3 mm) with the 
minimum and maximum values of 57 and 89 mm, respectively. In the age 
category 2+, among all features no significant variability was observed, 

and insignificant variability in eye diameter (CV = 9.5%). The variability 
of the rest of the growth characteristics in the examined individuals was 
average, with the coefficient of variation ranging from 12.3% to 19.7%. 
The most significant range of variation was in the total body length of the 
2-year-old individuals (116.5 ± 3.6 mm) with the minimum and maxi-

Age of fish Statistical  
parameters 

Morphometric size features 
total body  
length (ce) 

length according  
to Smith (ca) 

standard  
body length (cd) 

diameter  
of the eye (no) 

head  
length (cp) 

greatest height  
of the body (gh) 

smallest height  
of the body (ik) 

1+ 
(n = 14) 

x ± SE 100.28 ± 1.93 88.64 ± 2.06 71.28 ± 3.24 6.00 ± 0.18 21.86 ± 0.68 26.64 ± 0.79 8.92 ± 0.38 
Min–Max 86.0–109.0 78.0–100.0 59.0–88.0 5.00–8.00 20.00–32.00 20.00 –32.00 7.00–13.00 

CV 7.25 8.7 17.01 11.32 11.61 11.08 16.12 
2+ 

(n = 19) 

x ± SE 112.66 ± 4.00 99.00 ± 2.94 87.95 ± 2.39 6.58 ± 0.12 22.95 ± 0.97 29.73 ± 1.79 9.6 ± 0.57 
Min–Max 86.00–145.00 77.00–123.00 72.00–110.00 6.00–7.00 16.00–31.00 18.00–44.00 7.00–14.00 

CV 15.49 12.93 11.84 7.71 18.40 26.26 25.77 
3+ 

(n = 7) 

x ± SE 165.71 ± 5.12 147.71 ± 4.49 124.00 ± 6.65 9.00 ± 0.31 33.28 ± 1.36 47.86 ± 2.79 18.86 ± 1.64 
Min–Max 150.00–184.00 131.00–164.00 106.00–151.00 8.00–10.00 27.00–38.00 37.00–58.00 12.00–24.00 

CV 8.17 8.05 14.19 9.07 10.79 15.42 22.99 
4+ 

(n = 5) 

x ± SE 199.00 ± 2.34 178.20 ± 3.26 143.80 ± 3.64 10.00 ± 0.00 35.80 ± 0.58 57.80 ± 3.39 18.60 ± 1.17 
Min–Max 193.00–206.00 166.00–185.00 138.00–158.00 10.00–10.00 34.00–37.00 47.00–66.00 15.00–22.00 

CV 2.62 4.09 5.66 0.00 3.64 13.14 14.09 

Age  
of fish 

Statistical  
parameters 

Morphometric size features 
total body  
length (ce) 

length according  
to Smith (ca) 

standard body  
length (cd) 

diameter of  
the eye (no) 

head  
length (cp) 

greatest height  
of the body (gh) 

smallest height  
of the body (ik) 

1+ 
(n = 20) 

x ± SE 95.95 ± 1.91 85.30 ± 1.88 71.20 ± 2.54 5.95 ± 0.15 20.35 ± 0.63 24.70 ± 0.72 9.10 ± 0.36 
Min–Max 82.00–113.00 74.00–99.00 57.00–89.00 5.00–8.00 16.00–28.00 19.00–31.00 7.00–12.00 

CV 8.92 9.88 15.94 11.54 13.83 13.08 17.79 

2+ 
(n = 19) 

x ± SE 116.53 ± 3.63 102.32 ± 2.88 86.79 ± 3.27 7.00 ± 0.15 24.26 ± 0.85 32.26 ± 1.46 10.47 ± 0.44 
Min–Max 85.00–144.00 78.00–122.00 58.00–109.00 6.00–8.00 19.00–31.00 23.00–44.00 8.00–14.00 

CV 13.58 12.25 16.43 9.52 15.23 19.71 18.11 

3+ 
(n = 5) 

x ± SE 162.20 ± 4.85 143.80 ± 5.51 119.80 ± 5.94 9.00 ± 0.32 31.80 ± 1.71 45.80 ± 3.51 17.40 ± 2.11 
Min–Max 151.00–174.00 128,00–161.00 106.00–140.00 8.00–10.00 26.00–35.00 36.00–57.00 11.00–22.00 

CV 6.69 8.57 11.08 7.86 12.06 17.15 27.14 

4+ 
(n = 9) 

x ± SE 208.22 ± 2.89 189.56 ± 3.11 150.78 ± 4.02 9.89 ± 0.11 34.22 ± 0.40 67.56 ± 0.73 20.67 ± 0.67 
Min–Max 194.00–220.00 175.00–199.00 137.00–177.00 9.00–10.00 33.00–36.00 65.00–71.00 16.00–23.00 

CV 4.16 4.92 8.00 3.37 3.51 3.24 9.68 
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mum values of 85 and 144 mm, respectively. The age category 3+ had 
significant variability for such a feature as the smallest body height of fish 
(CV = 27.1%), and insignificant variability for the total length (CV = 
6.7%), fork length (CV = 8.6%), and eye diameter (CV = 7.9%). The rest 
of the features revealed medium variability, with coefficients of variation 
ranging from 11.1% to 17.2%. The most notable range of variation was in 
the standard length (119.8 ± 5.9 mm) with the minimum and maximum 
values of 106 and 140 mm, respectively. The age category 4+ had little 
variability for all growth characteristics of the examined individuals of 
S. erythrophthalmus, with the coefficients of variation ranging from 3.2% 
for the greatest body height to 9.7% for the smallest body height. 

The most significant range of variation was in the standard fish body 
length (150.8 ± 4.0 mm) with the minimum and maximum values of 137 
and 177 mm, respectively.  

The results of the conducted morphometric assessments of the gene-
ral aggregate of the S. erythrophthalmus from the Ustia River show that 
almost all growth characteristics exhibited significant variability (the coef-
ficients of variation ranged from 27.4% for head length to 45.5% for the 
longest body length of fish. Only the diameter of the eye had an average 
variability of the feature (the corresponding coefficient of variation was 
equal to 22.3%). The variability of morphometric features within different 
age categories had some differences (Table 3).  

Table 3 
Descriptive statistics of morphometric size features of S. erythrophthalmus in the Ustia River by particular age categories  

Age of fish Statistical  
parameters 

Morphometric size features 
total body  
length (ce) 

length according  
to Smith (ca) 

standard body  
length (cd) 

diameter of  
the eye (no) 

head  
length (cp) 

greatest height  
of the body (gh) 

smallest height  
of the body (ik) 

1+ 
(n=15) 

M ± SE 77.47 ± 2.41 68.80 ± 2.43 56.13 ± 3.15 5.20 ± 0.11 16.87 ± 0.52 20.53 ± 0.68 7.60 ± 0.34 
Min–Max 65.00–104.00 59.00–94.00 45.00–85.00 5.00–6.00 15.00–21.00 15.00–26.00 6.00–10.00 

CV 12.03 13.66 21.72 7.96 11.83 12.87 17.08 
2+ 

(n=24) 

M ± SE 119.88 ± 3.21 105.46 ± 2.52 91.96 ± 2.15 6.71 ± 0.15 24.38 ± 0.79 32.83 ± 1.50 10.50 ± 0.41 
Min–Max 90.00–152.00 82.00–130.00 69.00–116.00 5.00–8.00 18.00–33.00 21.00–50.00 7.00–15.00 

CV 13.12 11.71 11.43 11.19 15.95 22.39 19.05 
3+ 

(n=8) 

M ± SE 162.63 ± 3.32 143.00 ± 3.49 122.13 ± 5.26 8.38 ± 0.26 30.75 ± 0.98 44.50 ± 2.29 16.75 ± 1.49 
Min–Max 152.00–175.00 129.00–162.00 103.00–141.00 8.00–10.00 26.00–34.00 36.00–57.00 11.00–22.00 

CV 5.77 6.91 12.19 8.88 8.99 14.56 25.08 
4+ 

(n=8) 

M ± SE 206.00 ± 2.82 185.50 ± 2.95 155.63 ± 6.18 9.25 ± 0.25 34.63 ± 0.50 69.13 ± 0.69 19.38 ± 1.07 
Min–Max 194.00–217.00 175.00–198.00 137.00–178.00 8.00–10.00 33.00–37.00 65.00–71.00 16.00–23.00 

CV 3.87 4.49 11.23 7.64 4.07 2.83 15.59 
Note: see Table 1.  

Thus, the growth characteristics of fish aged 1+ had mostly average 
variability, with coefficients of variation ranging from 11.8% for head 
length to 21.7% for standard length. Simultaneously, eye diameter de-
monstrated insignificant variability (СV = 7.9%). The most notable range 
of variation was in the standard body length (56.1 ± 3.1 mm) with the 
minimum and maximum values of 45 and 85 mm, respectively. The as-
sessed individuals of S. erythrophthalmus at the age of 2+ showed average 
variability in all growth characteristics, with the coefficient of variation 
ranging from 11.4% for eye diameter to 22.4% for the greatest body 
height of fish. At the same time, the most notable range of variation was in 
the total length (119.9 ± 3.2 mm) with the minimum and maximum va-
lues of 90 and 152 mm, respectively. Within the category 2+, the smallest 
fish body heights was characterised by significant morphometric variabili-
ty (corresponding coefficient of variation was equal to 25.1%). The stan-
dard body length (CV = 12.2%) and the largest body height of fish (CV = 
14.6%) had the average variability. The rest of the features demonstrated 
insignificant variability. The most notable range of variation for the 
growth features of the 3-year-old individuals was in the standard body 

length (122.1 ± 5.3 mm) with the minimum and maximum values of 103 
and 141 mm, respectively. The age category 4+ demonstrated insignifi-
cant (total body length, length according to Smith, diameter of the eye, 
head length, greatest height of the body) and average (standard body 
length, smallest height of the body) variability of the features. The most 
notable range of variation was in the standard body length (155.6 ± 
6.2 mm) with the minimum and maximum values of 137 and 178 mm, 
respectively.  

The general aggregate of the sample of S. erythrophthalmus in the 
Stubelka River demonstrated the most significant variability for the grea-
test and smallest body height (corresponding coefficients of variation were 
equal to 38.6% and 37.3%). Total length (CV = 27.5%), fork length 
(CV = 28.2%) and standard length of fish (CV = 28.5%) also showed 
significant variability. According to the diameter of the eye and the head 
length, the variability of the features was average (the corresponding coef-
ficients of variation were equal to 17.9% and 22.6%). The variability of 
morphometric features within different age categories had its peculiarities 
(Table 4).  

Table 4  
Descriptive statistics of morphometric size features of S. erythrophthalmus in the Stubelka River by particular age categories  

Age of fish Statistical  
parameters 

Morphometric size features 
total body  
length (ce) 

length according  
to Smith (ca) 

standard body  
length (cd) 

diameter of  
the eye (no) 

head  
length (cp) 

greatest height  
of the body (gh) 

smallest height  
of the body (ik) 

1+ 
(n=15) 

M ± SE 95.53 ± 3.47 85.00 ± 3.71 71.07 ± 4.90 5.60 ± 0.21 20.13 ± 0.70 24.93 ± 0.76 9.07 ± 0.40 
Min–Max 75.00–117.00 68.00–109.00 34.00–98.00 5.00–7.00 17.00–25.00 21.00–29.00 7.00–13.00 

CV 14.05 16.92 26.69 14.79 13.39 11.79 16.92 
2+ 

(n=19) 

M ± SE 128.47 ± 2.95 114.16 ± 2.25 99.26 ± 2.10 7.47 ± 0.12 25.63 ± 0.82 34.79 ± 1.48 11.05 ± 0.46 
Min–Max 112.00–160.00 100.00–135.00 86.00–121.00 7.00–8.00 21.00–35.00 25.00–49.00 8.00–15.00 

CV 10.01 8.58 9.20 6.86 14.02 18.57 17.96 
3+ 

(n=9) 

M ± SE 164.89 ± 2.93 146.89 ±3.43 120.00 ± 4.41 7.89 ± 0.26 31.89 ± 1.10 47.22 ± 2.37 18.22 ± 1.37 
Min–Max 152.00–176.00 130.00–163.00 107.00–141.00 6.00–9.00 25.00–35.00 36.00–58.00 11.00–22.00 

CV 5.33 7.00 11.02 9.91 10.33 15.08 22.59 
4+ 

(n=) 

M ± SE 205.00 ± 3.61 185.60 ± 3.79 150.60 ± 7.55 8.80 ± 0.20 34.60 ± 0.51 69.60 ± 1.03 20.00 ± 1.14 
Min–Max 197.00–218.00 177.00–199.00 138.00–179.00 8.00–9.00 33.00–36.00 66.00–72.00 16.00–23.00 

CV 3.93 4.57 11.22 5.08 3.30 3.31 12.75 
Note: see Table 1.  

Within the category 1+, only the standard fish body length was cha-
racterised by significant morphometric variability (corresponding coeffi-
cient of variation was equal to 26.7%). The rest of the growth features 
demonstrated average variability with the coefficients of variation ranging 

from 11.8% for the greatest body height to 16.9% for the fork length and 
the smallest body height of the fish. The most notable range of variation 
was in the standard body length (71.1 ± 4.9 mm) with the minimum and 
maximum values of 34 and 98 mm, respectively. 2-year-old individuals of 
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S. erythrophthalmus had average variability for such features as the head 
length (CV = 14.0%), the greatest (CV = 18.6%) and the smallest (CV = 
17.9%) body height of fish. The rest of the features demonstrated insigni-
ficant variability with the coefficients of variation ranging from 6.9% for 
the eye diameter to 10.0% for the total length of the fish body. The most 
notable range of variation was in the total length (128.5 ± 2.9 mm) with 
the minimum and maximum values of 112 and 160 mm, respectively. 
The individuals of the studied species of fish within the age category 3+ 
also had average and insignificant variability of growth characteristics. 
In particular, they had average variability for such features as the standard 
length (CV = 11.0%), the greatest (CV = 15.1%) and the smallest body 
height of fish (CV = 22.6%). The rest of the features demonstrated insigni-
ficant variability with the coefficients of variation ranging from 5.3% for 
the total length to 10.3% for the fish head length. The most notable range 
of variation was in the total length (120.0 ± 4.4 mm) with the minimum 
and maximum values of 107 and 141 mm, respectively. The age category 
4+ demonstrated the average variability for standard length (CV = 11.2%) 
and for the smallest body height of fish (CV = 12.7%). The rest of the 
features demonstrated insignificant variability with the coefficients of 
variation ranging from 3.3% for the head length to 5.1% for eye diameter. 
The most notable range of variation was in the standard body length 
(150.6 ± 7.6 mm) with the minimum and maximum values of 138 and 
179 mm, respectively. The cluster analysis of the calculated coefficients of 
variation with regard to the growth characteristics of S. erythrophthalmus 
allowed the researchers to compare their similarity within the boundaries 
of the studied rivers (Fig. 4).  

According to the general aggregate of the samples, which had indivi-
duals aged from 1+ to 4+, the values of the coefficients of variation for 

growth characteristics were higher for fish that were caught in the Horyn 
River and the Stubelka River. For the fish caught in the Zamchysko River 
and the Ustia River the values of the coefficients of variation for growth 
characteristics were comparatively lower. A separate analysis of each 
morphometric characteristic of fish for all studied rivers was carried out by 
the method of pairwise comparisons of group means using the Tukey test 
(Table 5).  

 
Fig. 4. Clustering of dimensional features of S. erythrophthalmus  

by coefficients of variation in the section of the hydrographic system  
of the Horyn River within the Rivne Plateau Area  

Table 5  
The value of the Tukey test in pairwise comparisons of the morphometric characteristics of S. erythrophthalmus in the studied rivers (P < 0.05)  

Morphometric size features Location of control catch sites 
Horyn River (n = 45)  Zamchysko River (n = 53) Ustia River (n = 55) Stubelka River 

Total body length (ce) 126.72 ± 5.42a 128.64 ± 5.83a 127.05 ± 5.98a 132.98 ± 5.28a 
Length according to Smith (ca) 112.16 ± 4.84a 114.62 ± 5.39a 112.56 ± 5.38a 118.63 ± 4.83a 
Standard body length (cd) 94.58 ± 4.06a 94.89 ± 4.33a 95.83 ± 4.73a 99.69 ± 4.11a 
Diameter of the eye (no) 7.16 ± 0.23a 7.28 ± 0.22a 6.91 ± 0.21a 7.10 ± 0.18a 
Head length (cp) 25.64 ± 0.94a 25.19 ± 0.83a 24.75 ± 0.91a 26.02 ± 0.85a 
Greatest height of the body (gh) 34.71 ± 1.88a 36.68 ± 2.21a 36.45 ± 2.23a 37.67 ± 2.09a 
Smallest height of the body (ik) 11.83 ± 0.73a 12.34 ± 0.68a 11.91 ± 0.65a 12.71 ± 0.68a 
Note: for indicators, the arithmetic mean and standard deviation is given.  

Table 6  
Summarized results of hydrochemical control of the quality of surface waters at control catches (2018–2021)  

Substance Statistical 
parameters* 

The value at control catch sites 
Horyn River Zamchysko River Ustia River Stubelka River 

SO4
2-, mg/dm3 Min-Max (n) 20.78–38.93 (8) 32.20–92.15 (8) 30.50–50.22 (8) 27.50–41.60 (8) 

x ± SE 27.38 ± 0.89 59.23 ± 4.46 35.65 ± 1.13 35.08 ± 3.04 

Cl-, mg/dm3 Min-Max (n) 6.38–34.74 (8) 8.41–55.10 (8) 12.63–53.51 (8) 7.90–39.15 (8) 
x ± SE 24.43 ± 0.99 21.65 ± 3.02 30.65 ± 2.54 23.61 ± 6.57 

Suspended solids, mg/dm3 Min-Max (n) 3.60–10.40 (8) 12.40–28.20 (8) 13.60–14.80 (8) 7.0–13.40 (8) 
x ± SE 5.48 ± 0.32 18.73 ± 3.48 13.93 ± 0.13 10.31 ± 0.69 

NH4
+, mg/dm3 Min-Max (n) 0.00–1.20 (12) 0.25–0.92 (12) 0.48–1.10 (12) 0.36–0.78 (12) 

x ± SE 1.19 ± 0.08 0.55 ± 0.06 0.81 ± 1.15 0.53 ± 0.09 

NO3
-, mg/dm3 Min-Max (n) 0.19–0.55 (12) 0.33–0.78 (12) 0.63–0.82 (12) 0.88–1.53 (12) 

x ± SE 0.27 ± 0.02 0.57 ± 0.03 0.70 ± 0.04 1.25 ± 0.14 

NO2
-, mg/dm3 Min-Max (n) 0.001–0.044 (12) 0.02–0.10 (12) 0.06–0.14 (12) 0.01–0.022 (12) 

x ± SE 0.008 ± 0.003 0.06 ± 0.01 0.10 ± 0.08 0.14 ± 0.003 

PO4
3-, mg/dm3 Min-Max (n) 0.02–0.20 (12) 0.06–0.28 (12) 0.06–0.25 (12) 0.05–0.21 (12) 

x ± SE 0.05 ± 0.01 0.15 ± 0.01 0.13 ± 0.04 0.12 ± 0.04 
Dissolved oxygen (DO), 
mgO2/dm3 

Min-Max (n) 8.90–7.20 (12) 8.40–6.80 (12) 8.30–6.90 (12) 8.00–8.50 (12) 
x ± SE 7.90 ± 0.10 7.34 ± 0.19 7.83 ± 0.32 8.2 ± 0.12 

BOD5, mgO2/dm3 Min-Max (n) 0.50–1.80 (12) 4.30–12.40 (12) 4.80–10.20 (12) 2.90–3.30 (12) 
x ± SE 1.06 ± 0.10 8.95 ± 0.57 7.85 ± 1.16 3.10±0.09 

Fe2+, mkg/dm3 Min-Max (n) 160.00–230.00 (6) 310.00–560.00 (6) 280.00–420.00 (6) 150.00–180.00 (6) 
x ± SE 183.65 ± 4.43 400.82 ± 18.57 350.00 ± 32.91 167.50 ± 6.29 

Cu2+, mkg/dm3 Min-Max (n) 0.40–2.00 (6) 12.00–21.00 (6) 8.00–15.00 (6) 12.50–39.00 (6) 
x ± SE 0.98 ± 0.11 15.35 ± 0.58 11.25 ± 1.49 23.38 ± 5.59 

Zn2+, mkg/dm3 Min-Max (n) 3.00–12.00 (6) 15.00–28.00 (6) 17.00–22.00 (6) 16.00–21.00 (6) 
x ± SE 6.47 ± 0.67 19.22 ± 1.31 19.50 ± 1.04 18.50 ± 1.19 

Note: see Table 1.  

Single Linkage
Euclidean distances

4 5 6 7 8 9 10 11 12
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It can be stated that there are no significant differences between the 
morphometric features of S. erythrophthalmus in the studied rivers. How-
ever, for such morphometric features as full body length and the smallest 
body height, were established. This indicates that the dimensions of these 
features differed for individual pairs of comparisons. These pairs were 
made up by the Horyn River with all its tributaries: Horyn River – Zam-
chysko River; Horyn River – Ustia River; Horyn River – Stubelka River. 
That is, according to the total length and the smallest height of the body, 
the analyzed samples of fish had certain features in the main river of the 
hydroecosystem and in its tributaries. Perhaps these features are the most 
sensitive and their formation could be influenced by the peculiarities of the 
ecological conditions of the aquatic environment, including water quality 
indicators.  

This fact gave grounds for the comparison of the environmental posi-
tion of the investigated sections of the rivers as well as for the analysis of 
the influence of the hydrochemical quality indicators of their surface wa-
ters on the formation of variability in the dimensional features of S. eryth-
rophthalmus. The averaged results of hydrochemical control of the studied 
rivers over the years of observation demonstrate differences in quantitative 
values in different rivers (Table 6).  

The qualitative characteristics of the ecological state of the water in 
the control catches shows the change in the quality of surface water over 
the years of observation, mainly within the fourth and sixth categories of 
the III and IV classes (Fig. 5).  

 
Fig. 5. Time dynamics of the comprehensive water quality identification 

index for environmental quality assessment of surface water  
in the section of the hydrographic system of the Horyn River  

within the Rivne Plateau Area  

Consequently, the dynamics of the comprehensive water quality iden-
tification index for the environmental quality assessment of surface water, 
determined by the worst average annual indicators, reflect a better situa-
tion for the surface waters of the Horyn River and the Stubelka River. 
It fluctuated within the categories III and IV, which corresponded to the 
transition class of surface water quality from class II ("good"), degree of 
purity – "clean water" to class III ("satisfactory"), degree of purity – "mo-
derately polluted water". Compared to 2018–2021 the ecological status of 
the Zamchysko River and the Ustia River was significantly worse. 
It fluctuated within the categories V and VI, which corresponded to the 
transition class of surface water quality from class III ("satisfactory"), degree 
of purity – "moderately polluted water" to class IV ("bad"), degree of purity 
– "dirty water". If we talk about the contribution of individual substances to 
the formation of the water quality class, then in all cases, the substances of 
the trophic saprobity block demonstrated the highest categories.  

Taking into account the general array of data obtained , the analysis of 
the influence of the surface water quality indicators in the rivers on the 
formation of the variability of dimensional features of S. erythrophthalmus 
made it possible to notice certain dependences of the fish growth 
processes on the conditions of their habitat. Thus, we applied multivariate 
regression and obtained model equations that describe the influence of the 
absolute values of the concentrations of the hydrochemical water quality 
indicators on the morphometric variability of fish expressed using the 
coefficients of variation of their growth features (Table 7).  

The presented regression models were obtained based on the results 
of the water quality analysis of all four rivers, which was conducted for 
three years in a row (n = 12). Although the obtained models are relatively 

simple mathematical dependencies, they have confirmed statistical signi-
ficance (P < 0.01) and close correlation (R2 = 0.96–0.99). Hence they 
clearly demonstrate that not only hydrological conditions and genetic 
factors influence the morphometric variability of single-species popula-
tions of fish, but also quality characteristics of the habitat. In the majority 
of the presented regression equations, it is obvious that there is a correla-
tion between the coefficients of variation for growth characteristics and the 
content of phosphates (for ce, ca, cd, gh, ik), nitrite-nitrogen (for cd, no, gh, 
ik) and nitrate-nitrogen (for ca, cd, cp) in water. However, the weight 
coefficients of dependencies had differences in individual regressions: for 
PO4

3– they were 0.50 ± 0.06; for NO3̄  they were 0.84 ± 0.34; and for 
NO2̄  they were 0.39 ± 0.10. Based on the set of parameters in the equa-
tions, it is possible to distinguish sensitivity to the combined effects of the 
substances, first of all, such growth characteristics as standard length (cd) 
and the smallest body height of fish (ik).  

Table 7  
Results of the multivariate regression analysis for the influence of the 
hydrochemical water quality indicators on the morphometric variability of 
fish (expressed using the coefficients of variation of their growth features)  

Fea- 
tures Regression Equations Statistical parameters 

r F p 
ce CV =  ̶  4.03 + 0.52(PO4

3–) + 0.66(Cl̄ ) 0.98 155.74 1.9 * 10–5 
ca CV = 0.91 + 0.60(NO3̄ ) + 0.55(PO4

3–) 0.97 241.64 2.4 * 10–4 

cd 
CV =  ̶ 11.72 + 0.55(SS) + 0.86 (О2)  ̶ 
0.53(NO3̄ )  ̶ 0.23(NO2̄ )  ̶ 0.34(SO4

2–) + 
0.52(PO4

3–)  
0.98 196.06 0.7 * 10–5 

no CV =  ̶  0.81  ̶  0.47(NO2̄ ) 0.96 45.45 7.5*10–5 
cp CV = 1.14 + 1.39(NO3̄ ) + 0.45 (SO4

2–) 0.98 90.91 1.4 * 10–4 
gh CV = 12.12  ̶  0.59(NO2̄ ) + 0.31(PO4

3–) 0.99 444.44 1.7 * 10–4 

ik CV =   ̶  11.77  ̶  0 .55(BOD5) + 1.18(О2)  ̶  
0.25(NO2̄ )  ̶  0.47(SO4

2–) + 0.61(PO4
3–) 0.98 146.95 0.6 * 10–5 

 

In order to expand the understanding of the growth rates of fish we 
used the calculation of the specific growth rate for different age categories 
according to the Schmalhausen-Brody equation. We also graphed a de 
Finetti diagram, which allowed us to determine the contribution of the fish 
growth rates in the time intervals within their four-year age that had been 
analysed separately, using the principle of the equation a + b + c = K (Fig. 6).  

The presented graphic images demonstrate that the specific growth 
rate of fish between the first and second year of life was noticeably higher 
for individuals that were caught in the tributaries of the Horyn River 
(Fig. 8a). In particular, it turned out that the highest rate was in the Ustia 
River (0.44); a somewhat lower and almost identical rate was in the Stu-
belka and Zamchysko Rivers (0.30 and 0.29, respectively) despite the fact 
that the specific growth rate of S. erythrophthalmus for the Horyn River at 
this time stage was only 0.12. The growth of fish between the second and 
third year of life was the highest in the Horyn River (0.39). We assume 
that in this case it was the hydrological factors that influenced the growth 
of the fish, because taking into account the energy costs for fish swimming 
in the conditions of increased current, the intensity of growth of young 
may be complicated. At the same time, in the third year of life the fish 
reach linear sizes which correspond to their age via accelerated growth 
rates. Remarkably, in the Zamchysko River the specific growth of fish in 
the third year of life, although insignificant, was also greater, compared to 
the second year. Perhaps, there may be a measurement error, or the effect 
of certain ecological and hydrological factors of the river. At the same 
time, for all rivers within the research, the growth rates of fish in the fourth 
year of life turned out to be significantly lower, compared to earlier pe-
riods. It is quite obvious that as the fish reach puberty and after spawning, 
the fish growth rate slows down.  

The analysis of the contribution of fish growth rates for the time inter-
vals within their four-year age that had been analysed separately (Fig. 8b) 
allowed us to estimate the importance of linear features (ce) in the forma-
tion of the fish growth intensity according to the following linear expres-
sion: X = 2.2506•(X1) + 1.6202•(X2) – 2.214•(X3), where X – full body 
length of the fish at the age of 4 years (mm); X1 – full body length of the 
fish at the age of 1 year (mm); X2 – full body length of the fish at the age 
of 2 years (mm); X3 – full body length of the fish at the age of 3 years 
(mm). Explicitly, according to the obtained weight coefficients from the 
equation, it can be stated that the total body length of the 4-year-old indi-
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viduals of S. erythrophthalmus, in the middle part of the hydrographic 
system of the Horyn River, was formed as a result of significant growth 
intensity between the first and second year of life with a noticeable ma-
nifestation of linear growth between the second and third year and a cer-
tain slowdown between the third and fourth year of the fish’s life.  
 
Discussion  
 

The presented research results provide a unique opportunity to analy-
ze local variations in the morphometric variability of the indigenous spe-
cies rudd S. erythrophthalmus in the conditions of the freshwater hydro-

ecosystem of the Horyn River. Detailed studies of this species have not yet 
been carried out for this region, although in modern conditions of rapid 
reduction of biodiversity in freshwater rivers, studies of various fish spe-
cies are important (Zhang et al., 2021; Ahmed et al., 2022; Santos et al., 
2022). Studying the influence of environmental factors on the morphome-
try of fish helps in the restoration of fish communities and contributes to 
better management of the ecological state of rivers (Stoffers et al., 2022; 
Tsavdaridou et al., 2022). And the fact that each species of fish has its own 
life strategies and specific variability of development indicators necessi-
tates careful research for individual species of fish within local scales 
(Bedunkova, 2016; Bergström et al., 2016; Wynia et al., 2022).  

 

 
Fig. 6. Analysis of the S. erythrophthalmus Growth Rates: a – specific growth of fish according to the total length in time intervals 1+/2+, 2+/3+, 3+/4+;  

b – contribution of fish growth rates in the time intervals within their four-year age that had been analysed separately  

We noticed that in the conditions of the studied hydroecosystem, 
namely in the sections of the main Horyn River and its tributaries the 
Zamchysko River, Ustia River, Stubelka River, the variability of morpho-
metric features of S. erythrophthalmus has some differences at different 
stages of ontogenesis. At the same time, not all of the analyzed features 
were evaluated with a significant coefficient of variation.  

The analysis of individual morphometric characteristics of rudd for all 
age groups (from 1+ to 4+) by the method of pairwise comparison in the 
control sections of the rivers did not reveal any differences. We assume 
that all representatives of this species belong to the same population, 
which was formed in the conditions of the hydroecosystem of the Horyn 
River. It is known that most species of fish, with the exception of passing 
fish, have their life cycle within specific river systems and form separate 
populations within these areas (Wolter et al., 2015). For rudd, migratory 
movements do not differ across long distances and are primarily associa-
ted with daily changes in light and water temperature, as well as spawning 
migrations from open areas of the river to shallow thickets (Hohausova 
et al., 2003). But on the example of phylogeographical studies, the diffe-
rentiation of populations of S. erythrophthalmus in Italian and Central 
European river systems is shown (Stefani et al., 2004). Genetic variability 
of 7 populations of rudd from Greece, Slovenia, Northern and Central 
Italy showed that the Greek population of S. erythrophthalmus had a 
certain degree of genetic differentiation, and the Northern and Central Ita-
lian populations were almost indistinguishable (Ketmaier et al., 2003). 
That is, the formation of separate populations of S. erythrophthalmus can 
occur under conditions of significant spatial separation of its single-species 
populations. In our region of research, the distance between the river sec-
tions (control catch sites) was insignificant and was 5.00–26.63 km. It is 
obvious that in this case the local type of rudd is represented by one popu-
lation.  

The distribution of coefficients of variation of fish growth characteris-
tics that we found was divided into two clusters, although one of the clus-
ters included rivers of different sizes and with different hydrological condi-
tions. We are talking about the Horyn River, which belongs to large rivers, 
and the Stubelka River, which, according to the size of the catchment 
basin and the length of the channel, belongs to the category of small rivers. 

It is well known that hydrological conditions, in particular the speed of the 
current, are one of the main factors that affect the growth rates of fish. 
since the energy expenditure for swimming can be quite significant – up to 
4 J/g/km and even higher (Boisclair & Tang. 1993).  

However, in our studies, attention is drawn to the measured difference 
of such morphometric features as the full length of fish and the lowest 
height of the fish body with a pair comparison of values for the Horyn 
River with its tributaries for the significance of the Tukey criterion. 
Our explanation for this situation is that there is a difference in environ-
mental conditions in the small rivers (Zamchysko River, Ustia River, 
Stubelka River) and ecological conditions of the large Horyn River. 
This particularly concerns the different speed of the current and the pre-
sence of the shoreline growth of the higher water vegetation. In the Horyn 
River, the average value of the total length of rudd is higher than their 
value in tributaries, and the average value of the lowest height of the body 
of fish is lower. Perhaps this is due to the level of activity of the type and 
strategies of food search (Winfield, 1986). Due to the higher energy costs 
of swimming against the water flow and the search for shelter or places of 
spawning in the Horyn River the fish acquire a more elongated body 
shape. There is also an interspecific competition that can affect the growth 
characteristics of the rudd (Johansson, 1997), as well as reproductive 
activity of fish and availability of food (Gumus al., 2007). It is proved that 
the peculiarities of food, in particular, the change of the diet of rudd at 
different stages of life affects the growth processes of fish (Horppila & 
Nurminen, 2009). It has been established that in the early stages of deve-
lopment rudd consume phytoplankton, young individuals give preference 
to microcrustaceans, and adults to macrocrustaceans; S. erythrophthalmus 
eat more zooplankton in spring and autumn and less in summer (García-
Berthou & Moreno-Amich, 2000).  

In general, for freshwater species of fish, including for rudd, a high 
degree of variations of growth features is usual (Zivkov et al., 2003; Mar-
tins et al., 2014). This variation is often attributed to environmental condi-
tions, from which researchers especially distinguish temperatures (Gumus 
et al., 2007; Lappalainen et al., 2008; Tarkan et al., 2010) and the general 
manifestation of stress (Chakraborty et al., 2017; Abdel-Tawwab et al., 
2019; Roy et al., 2022).  
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Our attempt to analyze how the quality of surface waters affects the 
formation of the size variability of S. erythrophthalmus has shown that 
variations of the dimensions have regressive dependencies with a whole 
set of hydrochemical parameters. First of all, the regression dependence of 
the coefficients of morphometric variations combined the substances of 
the trophic saprobity block. We assume that this is connected not with the 
influence of pollution, but with the level of river trophicity, which affects 
the availability of fish food resources. Such assumptions are based on the 
analysis of scientific literature on study of the tolerance of the rudd to 
various ecological characteristics of the water environment. It is shown 
that S. erythrophthalmus is a  species tolerant to moderate organic pollu-
tion and preserves a sufficient population and frequency of occurrence 
(Maceda-Veiga & De Sostoa, 2011). Other studies have shown that the 
number of rudd has a direct correlation with the trophism of the water 
body (Virbickas & Stakėnas, 2016). Also, the body development of 
S. erythrophthalmus can be manifested in response to inappropriate diet 
(Kamler & Sikorska, 2008).  

We have also seen the difference between the specific growth rate of 
S. erythrophthalmus for different age categories in small rivers and large 
rivers. In general, we know about the gradual acceleration of growth in the 
older age groups of S. erythrophthalmus (Pivnička & Švátora, 2010). 
Therefore, we assume that within the limits of the rivers we have studied 
there are local variations which are formed due to different ecological con-
ditions in the main river of the hydroecosystem and its tributaries (Za-
lewski, 2013; Painter et al., 2020).  

Among all possible reasons, one should recall the trophic saprobity 
block of hydrochemical substance. In tributaries it has worse quality cha-
racteristics. This may affect the deteriorating sanitary condition of the 
rivers. As a result rudd can be affected by helminths (Shukerova & Kirin, 
2008; Chunchukova et al., 2019; Kvach, 2021). And as is known, the 
presence of parasites in the body of fish can affect their growth and mor-
phological features (Timi & Poulin, 2020; Oikonomou et al., 2022).  

The above facts prove that many factors influence the growth of fish 
in natural conditions. It is often difficult to separate them from each other. 
However, the questions that we consider demonstrate the variability of the 
growth characteristics of S. erythrophthalmus within local variations. 
This confirms our hypothesis about the influence of ecological conditions 
of the aquatic environment on the features of fish growth. The perspective 
of these studies is to expand knowledge about the patterns of variability in 
the number of single-species fish communities, as well as to promote the 
preservation of biodiversity in natural water bodies.  
 
Conclusions  
 

Given the hydrological connectivity of the Horyn River within the 
Rivne Plateau area the age structure of S. erythrophthalmus caught by 
recreational fishing methods during 2018–2021 was represented by age 
categories from 0+ to 5+. The main core of the obtained samples consisted 
of individuals aged from 1+ to 4+.  

The variability of morphometric features estimated by the coefficient 
of variation for the general aggregate of the obtained samples of S. eryth-
rophthalmus from different rivers is most significant for such growth 
features as the greatest (41.08 ± 2.47%) and smallest body height of fish 
(41.35 ± 2.69%), total length (31.00 ± 1.99%), fork length (32.13 ± 
2.23%) and standard body length of fish (32.55 ± 2.60%). The individual 
age categories of fish demonstrate clear features of morphometric variabil-
ity, with common patterns that divide the studied rivers into subcluster 1 
(Horyn and Stubla Rivers) and subcluster 2 (Zamchysko and Ustia Riv-
ers). Similarly, the rivers are divided according to the environmental class 
of water quality. Accordingly, the first subcluster corresponded to the 
transition from class II to III of surface water quality ("good – satisfacto-
ry", degree of purity: "clean water – moderately polluted water”), while 
the second subcluster corresponded to the transition from class III to IV 
("satisfactory – bad", degree of purity: "moderately polluted water – dirty 
water").  

Multivariate regression analysis confirmed statistical significance (P < 
0.01) and close correlation (r = 0.96–0.99) between the coefficients of 
variation for fish growth features with the content of phosphates in water 
(for ce, ca, cd, gh, ik) given that the average weighting coefficient is equal 

to 0.50 ± 0.06; with the content of nitrite-nitrogen in water (for cd, no, gh, 
ik) – 0.39 ± 0.10; and with the content of nitrate-nitrogen in water (for ca, 
cd, cp) – 0.84 ± 0.34.  

The determined specific fish growth based on the total length reveals 
that for small rivers (Zamchysko, Ustia, Stubelka Rivers) the highest in-
tensity of the fish growth is observed between the first and second year of 
life and for the main river of the studied hydrological network (Horyn 
River) it is observed between the second and third year. The results of this 
research are very valuable in understanding the local variations in the mor-
phometric variability of single-species populations of fish and in expan-
ding the comprehension of the impact of the environmental factors of the 
aquatic environment on the formation of growth features of S. erythroph-
thalmus. In the future it may lead to further studies of the linear growth of 
natural fish populations while taking into account the changes in the envi-
ronmental and hydrological conditions of the studied region.  
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