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Abstract—The size, age, and sex structures of pikeperch Sander (L.) from Lake Necheritsa (Sebezhsky
National Park) have been studied, as has the linear growth using back-calculation according to the Leo direct
dependence function. The growth of pikeperch is described formally by linear equation L(t) = 5.4x + 0.2 (cm). The
length frequencies of individual age groups are normally distributed, which corresponds to ideas about linear
fish growth. The population is represented by 13 age classes; the maximum length of an individual in the sam-
ple is 872 cm. The analysis of the diet showed the presence of 6 mass fish species observed in the catch,
including the young pikeperch; the ratios of individual species in the diet and the sample indicates an absence
of electivity of nutrition. According to the estimates, the proportion of pikeperch in the ichthyocenosis in the
period 1989–2022 in Lake Necheritsa has increased ∼8 times. A comparative analysis of the linear growth of
pikeperch from populations of different regions under environmental conditions, differing in a number of val-
ues of key parameters, is carried out. Growth rates of pikeperch from southern populations are generally
higher and more consistent with asymptotic growth, while the size limits and life expectancy are generally
higher in northern populations. A hypothesis has been tested about the causes of differences in the nature of
linear growth.
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INTRODUCTION
Zander Sander lucioperca (L.) is a species with a

high degree of variability of the intraspecific structure
in its range, which is due to its species characteristics
and habitat in reservoirs and watercourses of different
types and different climatic zones (Tanasiychuk, 1974;
Strelnikov, 1996; Kushnarenko et al., 2004). Spatial
heterogeneity of the pikeperch habitat in individual
areas of the range has led to the formation of a mosaic
system of local populations with a pronounced set of
adaptations associated with unique growth parame-
ters, age composition, time of sexual maturity, and
spawning frequency, as well as with morphological
and reproductive features (Krpo-Ćetković and Sta-
menković, 1996; Ložys, 2003; Akbarzadeh et al.,
2009; Kovalenko et al., 2014; Parés-Casanova and
Cano, 2014). The complex population structure of the
species, formed in addition to natural causes by
anthropogenic transformations of the habitat (frag-
mentation of river basins by hydroelectric dams and
changes in the hydrological regime and pollution),
makes the pikeperch an informative model object for

studying the processes of divergence and adaptation
under the influence of natural and anthropogenic fac-
tors. In this regard, it is important to note the role of
the species as a test object and bioindicator of pollu-
tion in the context of steadily increasing anthropo-
genic load on natural ecosystems (Gladyshev et al.,
2001). At the same time, to analyze the spatiotemporal
variability of a species, quantitative characteristics of
the parameters of populations from natural reservoirs
and watercourses that have not undergone significant
anthropogenic restructuring and which could be con-
sidered natural standards are required. Pikeperch pop-
ulations from the system of reservoirs and water-
courses of the Pskov Lake District, belonging to the
Western Dvina River basin, can be considered stan-
dards of this kind. Some of the water bodies are
located on the territory of the Sebezhsky National
Park, a federal institution of nature conservation, sci-
entific research, and environmental education. One of
its tasks is to preserve the natural biodiversity of terres-
trial and aquatic ecosystems (Aleksandrov and Kury-
anovich, 2001).
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Size and age indicators are one of the key indicators
of the state of a species population (Jůza et al., 2023;
Tesfaye et al., 2023), since they represent an integrated
response of the organism to the complex impact of the
values of various environmental parameters (Mina and
Klevezal, 1976; Dgebuadze, 2001). The contributions
of a number of factors to the formation of the age
structure of the population and the nature of growth
cannot always be separated due to the nonlinear
response of the biological system to their combined
effect (Bigon et al., 1989). Nevertheless, it seems pos-
sible to identify a number of key environmental
parameters against which specific population indica-
tors are formed. One of the most common approaches
to indirectly assessing the influence of the environ-
ment on population structure and growth functions is
a comparative analysis of size and age indicators of this
species from regions with different climatic conditions
and water bodies of different types (Lappalainen et al.,
2003; Zykov and Ivanov, 2008; Kuzishchin, 2016).

The aim of this work is to study the size–age and
sex structure of the pikeperch population of Lake
Necheritsa, provide an analysis of growth rates based
on the reverse calculation of length, estimate the rela-
tive abundance of the species in the ecosystem, and
conduct a comparative analysis of the nature of the
linear growth of pikeperch in populations from regions
with different climatic conditions.

MATERIAL AND METHODS

The material was collected in September 22–Octo-
ber 2, 2022, in Lake Necheritsa (56°13′ N, 28°44′ E),
located in the Sebezhsky National Park. The lake is
the last in a system of lakes connected by channels:
Sebezhskoe–Orano–Glybochno–Beloe–
Ozeryavki–Necheritsa, and the second largest lake in
the national park, with a surface area of 12.8 km2 and
an average depth of ∼4 m. The length of Lake Necher-
itsa is 8.6 km, and the maximum width is 3.2 km; the
lake consists of three parts with an area of 2.3 km2,
2.1 km2, and 7.7 km2. It is connected via the Svolna
and Drissa rivers with the Northern Dvina River. The
lake is almost completely surrounded by forest; on the
eastern shore there is only the village of Volotsnya
(around eight houses). Fish were caught at all depths
of the northern part of the lake, covering an area of
2.3 km2 gill nets with mesh sizes of 18, 25, 27, 30, 35,
40, 50, 60, 70, and 80 mm. A total of 17 net installa-
tions were carried out along various transects of the
water area to cover the entire biotopic heterogeneity of
the reservoir; nets of all mesh sizes were set at different
distances from the shore and over the entire range of
depths (Fig. 1). The nets were set in the evening and
checked in the morning; the fishing lasted on average
10 h. The bottom of this section of the lake is f lat, with
a depth of ∼5 m observed over 80% of the entire water
area.

Biological analysis was carried out according to
standard methods (Pravdin, 1966). The primary anal-
ysis of the material included measuring the weight and
length of each individual—commercial, according to
Smith, and zoological—as well as determining sex.
Twenty-four males, 34 females, and 12 juveniles were
taken for bioanalysis. Scales were collected in bulk for
estimating age and recalculating length; scales were
taken from the same area bodies—under the lateral
line within the projection of the first dorsal fin (Prav-
din, 1966). All fish are photographed. Immediately
after the catch was collected, the stomachs of the pike-
perch were opened to analyze the food bolus.

For inverse calculation, the formulas of Li (Chu-
gunova, 1959; Mina, 1976) and Lea’s direct propor-
tionality (Kovtun, 1981; Lea, 1910) are widely used. In
the first case, it is necessary to estimate the length of
the fish body at the time of the formation of the first
scale plate (Vovk, 1956; Chugunova, 1959), calculated
by approximating the linear or power function of the
distribution of fish lengths depending on the size of the
scales, as a result of which the curve of the function
cuts off a segment on the ordinate axis equal to the
desired length. For certain reasons (see Research
Results), the formula of direct proportionality of Lea
was used to reverse calculate the length of the pike-
perch:

(1)

where and  are the length of the fish in the ith age
and at the age of capture, respectively;  and  are
the radius of the scales in the ith age and at the age of
capture.

The scales were measured using an MBS-1 binoc-
ular microscope (Soviet Union) with an eyepiece
micrometer; based on the results, a graph was con-
structed of the dependence of the pikeperch length on
the longitudinal diameter of the scales (Fig. 2). Annual
increments on scales were also determined in ocular
micrometer units at the same magnification. The cal-
culation was carried out in Excel; statistical data pro-
cessing was carried out in Statistica v. 10.

The growth rates were calculated using the formula
for estimating the specific growth rate of Schmalhau-
sen–Brody, taking into account the increase in length
by compound interest; that is, the increase in shares of
each subsequent year was estimated taking into
account the shares of the increase for the previous year
(Schmalhausen, 1935; Mina and Klevezal, 1976; Dge-
buadze, 2001):

(2)

where  is specific growth,  and  are the average
length of fish of a given species at certain points in time
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natural logarithms to decimal ones. Since the time
scale step is equal to 1 year (the difference in brackets
is equal to 1), formula (2) takes the following form:

(3)

The composition of the pikeperch diet was assessed
based on the composition of the food bolus, which was
studied using the counting method (Shorygin, 1952;
Manual …, 1961).

RESULTS
The following species were noted in the catches:

roach Rutilus rutilus (L.) 932 individuals (∼56% of the
fish in the catch), perch Perca fluviatilis (L.) 265 indi-
viduals (∼16% of the population), white bream Blicca
bjoerkna (L.) 218 individuals (∼13%), bream Abramis

= −1 2ln ln .lC l l

brama (L.) 165 individuals (∼10%), pike Esox lucius
(L.) 5 individuals (<1%), tench Tinca tinca (L.) 4 indi-
viduals (<1%), rudd Scardinius erythrophthalmus (L.)
5 individuals (<1%), ide Leuciscus idus (L.) 3 individ-
uals (<1%), and ruff Gymnocephalus cernuus (L.)
2 individuals (<1%); all in all, there was a total of 1599
individuals. The number of pikeperch Sander
lucioperca in the catch amounted to 70 specimens, or
∼4% of the entire fish sample (1669 specimens).

The pikeperch sample included 11 age classes
(Table 1); the proportions of males and females were
∼41% (24 specimens) and ∼59% (34 specimens),
respectively. The hypothesis of equality of the sample
proportions of males and females was tested using the
chi-square test: the value  = 3.24 is less than the
threshold 3.84 at one degree of freedom for the level

χ2

Fig. 1. Map of the study area: Lake Sebezhskoye (Sebezhsky district, Pskov oblast); sampling stations are marked with circles.
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significance α = 0.05, which allows us to accept the
null hypothesis of equality of the shares of both sexes.

In Lake Necheritsa, pikeperch feeds on different
types of fish; in the stomachs, 16 specimens of roach
were found (∼32% of the total number), 10 specimens
of white bream (∼20%), 7 specimens of perch (∼14%),
4 specimens of ruff (∼8%), 3 specimens of pikeperch
(∼6%), and 1 specimen of bream (2%). A total of
50 stomachs were analyzed. It was not possible to
determine the species of fish in the stomachs of 9 pike-
perch specimens (∼18%); stomachs were empty in
24 specimens (∼48%).

The choice of the Lea formula of direct propor-
tionality for the procedure of inverse calculation is
dictated by the fact that the linear regression line inter-
sects the abscissa axis instead of the ordinate axis, and
the curve of the power function comes out almost
from zero (Fig. 2), which makes it impossible to apply
the Lee formula. The specific growth rate of pikeperch
in Lake Necheritsa calculated using formula (3) is pre-
sented in Table 1.

For each age class, a comparison was made
between the actual lengths of pikeperch and the lengths
of fish obtained by reverse calculation (Fig. 3a). The
average proportion of deviation of sample lengths from
those calculated inversely is 6% in absolute value, with
a standard deviation SD = 2%, which is a good indica-
tor of the adequacy of the results of the reverse calcu-
lation. The linear growth curve with the values of stan-
dard deviations of lengths for each age class together
for actual and calculated lengths is shown in Fig. 4.
This graph is further used for comparison with the

growth rate curves of pikeperch from other regions.
Approximating the distribution of mean lengths of dif-
ferent age classes with a linear function yields a formal
linear growth equation L(t) = 5.4x + 0.2, R = 0.99,
where L(t) is the length of the pikeperch at any given
time t and 5.4 is the linear growth coefficient (Fig. 3b).

The frequency distribution of lengths of each age
class (sampled and calculated together) was tested for
compliance with the Gaussian distribution for the sig-
nificance level α = 0.05 using the Shapiro–Wilk test;
hypothesis N0 was accepted at α ≤ p. For ten age
classes, the hypothesis of the distributions corre-
sponding to the normal law is accepted: age (1) year,
sample size n = 70 individuals, p = 0.54; age (2), n =
70 individuals, p = 0.88; age (3), n = 70 individuals,
p = 0.76; age (4), n = 70 individuals, p = 0.44; age (5),
n = 69 individuals, p = 0.39; age (6), n = 50 individu-
als, p = 0.55; age (8), n = 15 individuals, p = 0.05; age
(9), n = 12 individuals, p = 0.24; age (10), n = 8 indi-
viduals, p = 0.62; age (11), n = 8 individuals, p = 0.57.
For age (7), hypothesis N0 is rejected: n = 8 individu-
als, p = 0.00.

RESULTS AND DISCUSSION

Reconstructing the average lengths of age classes
not represented in the catch, as well as age classes
whose numbers in the catch are small, increases the
sample to a statistically acceptable size and increases
the likelihood of obtaining unbiased estimates of the
linear growth of pikeperch from Lake Necheritsa. In
particular, the reliability of the estimates is confirmed

Fig. 2. Dependence of the length of the pikeperch S. lucioperca (cm) from the longitudinal diameter of the scale (ocular microm-
eter units), described by linear and power functions.
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by a comparison of the actual and calculated lengths of
individual age groups: the average proportion of devi-
ations of sample lengths from the calculated ones is
6% in absolute value (SD = 2%). Another approach,
which provides indirect evidence for the acceptability
of back-calculation estimates, is to test the distribu-
tions of age-class lengths for normality. The analysis is
based on general biological concepts about the nature
of fish growth, namely, the frequencies of the lengths
of a single-age group of one ecological form of a given
species are distributed normally (Chugunova, 1959;
Dgebuadze, 2001; Carlson et al., 2010). As is shown
above, for ten age classes, the frequency distribution of
lengths obeys the Gaussian law, and only for age (7) is
the hypothesis of normality rejected. The fact that
only 1 of the 11 distributions does not correspond to
the normal law indicates the random nature of the

given event, and the overall result can be considered
satisfactory. A small error in the estimate when sum-
ming the sample and calculated lengths is possible if
we take into account the fact that the reverse calcula-
tion gives the length for the age t •, while all individu-
als in the sample are of age t+.

The von Bertalanffy linear growth equation is
widely used for quantitative assessments of fish growth
parameters (Beaverton and Holt, 1969; Ricker, 1979),
although it is valid only in the case of asymptotic
growth. An approximation of the distribution of aver-
age lengths of differently aged cohorts of pikeperch in
Lake Necheritsa (Fig. 3b) by the von Bertalanffy func-
tion of the form  in
Statistica v. 10 gives an unreasonably large maximum
length of 6513 mm, as well as a very small growth coef-

( ) ( )( )( )∞= − − − 01 expL t L k t t

Table 1. Actual and inversely calculated length of pikeperch Sander Lucioperca of different age classes from Lake Necheritsa

n is sample size, individuals; the mean value and the error of the mean is above the line is (in brackets) and min–max is below the line.
* Value of the increase in the transition from the previous age class to the next.

n Age, years Actual length, mm Age, years Calculated length, mm Growth rate, shares*

– 0+ – 1 –

– 1+ – 2 0.345

– 2+ – 3 0.259

1 3+ 270 4 0.184

19 4+ 5 0.157

18 5+ 6 0.116

17 6+ 7 0.156

3 7+ 8 0.120

1 8+ 490 9 0.090

3 9+ 10 0.098

4 10+ 11 0.108

2 11+ 12 0.138

1 12+ 772 13 787 0.097
1 13+ 870 14 – 0.045

77(9)
52–98

135(15)
101–172

191(24)
130–236

245(30)
185–338

281(25)
246–318

301(32)
235–363

355(32)
280–380

340(32)
274–425

371(12)
350–390

398(41)
358–531

411(7)
398–510

433(57)
397–593

513(65)
430–632

508(36)
481–701

549(71)
486–590

585(46)
572–756

613(73)
520–630

632(113)
610–633

688(81)
610–784
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ficient k = 0.008 year–1 (  = 0.438). Such a result, on
the one hand, may call into question the accuracy of
assessing age, and, on the other, may allow for a
growth pattern that is different from asymptotic. To
resolve this issue, we will provide literary data on the
linear growth of pikeperch in regions with different cli-
matic conditions.

Let us consider four populations of pikeperch from
different reservoirs, including Lake Necheritsa. There

0t are two lakes in Finland: Lake Pyhäselkä, with an area
of 246 km2 (62°20′ N, 29°33′ E) (Karjalainen et al.,
1996), and Lake Saahajärvi, with an area of 2 km2

(65°43′ N, 25°28′ E) (Vinni et al., 2009); Lake
Necheritsa (56°13′ N, 28°44′ E) (our data); and the
lower reaches of the Akhtuba River (47°45′ N, 46°95′ E)
(Kuzishchin et al., 2016); growth graphs of pikeperch
from four populations are presented in Fig. 4a. The
approximation of the length distributions of pikeperch

Fig. 3. Linear growth curves of pikeperch S. lucioperca in Lake Necheritsa (a), constructed on the basis of sample data (1) and
inversely calculated lengths (2), and the linear growth curve of pikeperch (b), constructed jointly for actual and calculated lengths,
with the values of standard deviations for each age class.
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from two lakes in Finland and the Akhtuba River by
the Bertalanffy function gives the maximum lengths:
8117 mm (  = –0.469,  = 0.007 year–1) (Lake
Pyhäselkä), 547 mm (  = –0.049,  = 0.138 year–1)
(Lake Saahajarvi), and 1558 mm (  = 0.048,  =
1.867 year–1) (the Akhtuba River). For pikeperch from
Lake Saahajärvi, the maximum length is biologically
plausible, but the average lifespan is ∼40 years—an
implausibly long time interval; at the same time, for
pikeperch from Lake Necheritsa, Lake Pyhäselkä, and

0t k

0t k

0t k

the Akhtuba River, the ultimate lengths  themselves
are unreasonably large. Thus, the von Bertalanffy lin-
ear growth equation will not be an adequate model for
describing the growth functions of the species, for
which a linear dependence is more suitable. The linear
nature of growth is also confirmed by the distribution
of shares of specific growth calculated using the
Schmalhausen–Brodie formula (Table 1). Consider-
ing that the maximum length of pikeperch from Lake
Necheritsa cannot be obtained by approximation,
such an estimate is taken from catches. The maximum

∞L

Fig. 4. Linear growth curves of pikeperch S. lucioperca from four different water bodies of Russia and Finland (a) and Russia and
France (b). (1) Lake Pyhäselkä, (2) Lake Saahajarvi, (3) Lake Necheritsa, (4) Akhtuba River, (5) Lake Necheriitsa, (6) delta of
the Rhône River, (7) Lake Castillon, (8) Lake Treignac, and (9) Rybinsk Reservoir.
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length of the pikeperch from the sample is 872 mm
with a weight of 7080 g, which is apparently close to
the maximum length. According to survey data
(V.R. Khokhryakov), the mass of pikeperch from Lake
Necheritsa reaches 10 kg.

As is known, when moving from high latitudes to
low latitudes, the temperature of the environment as a
whole increases, which in a certain way affects the
growth rate of fish as a poikilothermic organism
(Nikolsky, 1974; Odum, 1986; Bigon et al., 1989).
However, the growth rate of pikeperch from Lake
Pyhäselkä is similar to the growth rates of pikeperch
from the Akhtuba River, although the lake is located
∼1600 km to the north. Further, if we compare the lin-
ear dimensions of the pikeperch, choosing for conve-
nience one age class, for example, 8 years (Fig. 4a),
then the lengths of the fish will be different for popu-
lations living in the same region. For example, the
average body length of an 8-year-old pikeperch from
Lake Pyhäselkä is 37% longer than the average length
of the same age class from Lake Saakhajärvi, located
200 km to the south, and it is also 23% longer than fish
of the same age from Lake Necheritsa, located 500 km
to the south.

Let us compare the linear growth of pikeperch from
Lake Necheritsa with pikeperch from three water bod-
ies in France, located on the southern border of the
natural range of the species (Fig. 4b): Lake Treignac,
area of 1 km2 (45°57′ N, 1°83′ E), and Lake Castillon,
5 km2 in area (Argillier et al., 2012)—both lakes are
water bodies of the Weser and Verden rivers, respec-
tively—and from the channels in the Rhône River
delta of a width of 14 m and depth of 1 m (43°34′ N,
04°34′ E) (Poulet et al., 2003), as well as pikeperch
from the Rybinsk Reservoir with an area of ∼4580 km2

and an average depth of ∼6 m (Gerasimov et al., 2013).
Pikeperch from Lake Treignac and deltas of the

Rhône River (Fig. 4b) demonstrate a pronounced
asymptotic growth: the approximation of these distri-
butions by the von Bertalanffy function gives biologi-
cally adequate limiting lengths and growth rates:  =
841 mm and  = 0.137 year–1 (  = –0.413) for Lake
Treignac and  = 904 mm and  = 0.466 year–1 (  =
–0.211) for the Rhône River. At the same time, for
pikeperch from Lake Castillon, an estimated maxi-
mum growth of 5377 mm was obtained with a very
small growth coefficient,  = 0.014 year–1 (t0 = –1.063),
which is biologically implausible. Thus, as in the case
of pikeperch from the northern regions, the popula-
tion of Lake Castillon shows a rather linear growth
pattern, although growth slows down from age
10 onwards. As for the linear dimensions of the same
age classes, for example, pikeperch from the Rhône
River being significantly larger than that of the Akh-
tuba River, at the age of 4 years, the difference is
almost 2 times. However, pikeperch in the Akhtuba
River reaches the same maximum dimensions as in the

∞L
k 0t

∞L k 0t

k

Rhône River, but only until it reaches 14. At the same
time, the growth of pikeperch from the Akhtuba River
is similar to that of the Lake Castillon—the difference
in average lengths at 14 years does not exceed 11%.
Finally, the growth rate of pikeperch from the Rybinsk
Reservoir is similar to that of pikeperch from Lake
Necheritsa, as is evidenced by the almost parallel
growth curves (Fig. 4b).

An analysis based on the relationship between
growth rates and latitude does not reveal the full pic-
ture unless the area and depth of a particular reservoir
are taken into account—characteristics that together
determine key parameters such as trophic and oxygen
indicators, the degree of eutrophication, species diver-
sity, density parameters, etc. (Keskinen and Mar-
jomаki, 2003; Zhivoglyadov and Lukyanov, 2018). As
was shown above, pikeperch from the Lake Pyhäselkä,
with an area of 246 km2 and average depth of 10 m, is
significantly larger than the pikeperch from the Lake
Saahajarvi, with an area of 2 km2 and average depth of
4 m, located to the south. The same can be said about
pikeperch from the Lake Saakhajärvi when compared
with pikeperch from Lake Necheritsa, area 12.8 km2

and average depth of 6 m, although in this case the dif-
ferences are not as significant. For populations of the
species from France, the trends are similar: pikeperch
from Lake Castillon, 5 km2 in area, is larger and has a
longer lifespan than the pikeperch from the Lake
Treignac, area of 1 km2, despite the higher growth
rates in the second case. Sudak from Lake Castillon is
also noticeably larger than the pikeperch from the
canals in the delta of the Rhône River, although it
exhibits a slower growth rate; at the same time, it has a
significantly greater maximum length. Pikeperch from
the Rybinsk Reservoir is on average 30% longer than
that from Lake Necheritsa, located ∼200 km to the
south and ∼352 times smaller in area (4580 km2 and
∼13 km2, respectively). As in the above cases, larger
fish live in a larger body of water.

It should be noted that all the southern water bod-
ies under consideration, like the Akhtuba River, are
flowing; the presence of a current generally stabilizes
the oxygen regime even at high ambient temperatures,
which has a positive effect on fish growth and the sur-
vival of their young, which in pikeperch is very sensi-
tive to changes in oxygen concentration (Frisk et al.,
2012).

In addition to the latitude and size of the reservoir,
the proximity of a relatively warm sea, which moder-
ates the climate, especially in high latitudes, is of no
small importance. Thus, the regions of central Siberia,
lying at the same latitude as Finland and extending
beyond the natural habitat of pikeperch, are character-
ized by a much harsher climate, where pikeperch has a
growth rate and maximum sizes significantly lower
than in donor populations, despite the fact that it has
successfully acclimatized (Semenchenko and
Podorozhnik, 2014; Rostovtsev et al., 2016). It should
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be noted that southern populations of pikeperch gen-
erally show higher growth rates and more pronounced
asymptotic growth compared to populations from
northern regions. An analysis of data from a number of
works (Ablak and Yilmaz, 2004; Milardi et al., 2011;
Pe´rez-Bote and Roso, 2012; Nolan and Britton,
2018a) showed that a pronounced asymptotic growth
of pikeperch occurs only at low latitudes, while growth
close to linear is observed to varying degrees through-
out the entire range. Data on Lake Necheritsa partially
confirms this position. It is also noteworthy that in low
latitudes the pikeperch reaches a greater maximum
length with a weakly expressed asymptotic growth than
with a characteristic asymptotic growth. This may be
associated with a rapid “acceleration” of growth rates
and subsequently an equally sharp slowdown, which is
characteristic of asymptotic growth, as a result of
which the growth potential of the organism is used up
more quickly (Tytler and Calow, 1985). In the case of
growth close to linear, a smooth “acceleration” of the
growth rate maintains its uniformity throughout life,
making it possible, all other things being equal, to
achieve a greater maximum length. It should be noted
that, in general, the shorter the lifespan of the pike-
perch is, the less pronounced the asymptotic growth.

In addition to abiotic environmental parameters,
growth rates may be associated with the density char-
acteristics of the populations of both the pikeperch
itself and the species that form the ichthyocenosis.
According to research by the Pskov branch of the State
Research Institute of Lake and River Fisheries, the
share of pikeperch in the Lake Necheritsa in the total
number of all species in 1998 was ∼0.5% (Alexandrov
and Afanasyev, 1998), while for catches in 2022 it
reached ∼4%. Given the representativeness of the
samples, it can be concluded that the proportion of
pikeperch in the ichthyocenosis increased 8 times in
the period 1989–2022. Moreover, an increase in the
proportion of the species is possible both as a result of
an increase in the number of pikeperch itself and a
decrease in the number of other fish species, for exam-
ple bream. A final conclusion about the state of stocks
in retrospect can only be made on the basis of an anal-
ysis of estimates of total abundance and biomass, since
it is the density characteristics that serve as key indica-
tors of the abundance of all species in the ichthyo-
cenosis.

The quantitative shares of different species in the
diet and catch of pikeperch are as follows: roach 32 and
56%, white bream 24 and 13%, perch 14 and 16%,
bream 2 and 10%, and pikeperch 6 and 4%, respec-
tively. A comparison of the shares for perch and pike-
perch demonstrates their high similarity in diet and
catch; for roach, white bream, and bream, significant
differences between the shares in the food bolus and
catch can be attributed to the small sample size, lead-
ing to bias in the sample estimate relative to general
importance. This is indicated by the opposite f luctua-
tions in the proportions of the same species in the

catch and in the food bolus. In particular, the propor-
tion of roach in the catch (32 and 56%) is ∼0.57 times
greater than in the lump, and the proportion of white
bream (13 and 24%) is 0.54 times less. It should also be
noted that pikeperch to a certain extent limits its own
numbers in the ecosystem, since any predator regu-
lates the numbers of species, including, in the pres-
ence of cannibalism, its own (Menshutkin, 1971;
Nolan and Britton, 2018b; Rahmdel and Falahatkar,
2021).

An interpretation of the relationship between the
linear dimensions of different age groups and latitude
and the size of the water body and its food supply may
seem too simple, since there are significantly more
factors influencing growth. To understand the com-
plex nature of the impact of environmental parameters
on the size–age characteristics of a population, it is
necessary to study a specific water body, which will
allow us to take into account the contribution of each
individual factor, as well as to identify key parameters
that primarily determine growth dynamics. For exam-
ple, energy expenditure on metabolic processes in poi-
kilothermic organisms and fish decreases in the direc-
tion from north to south (Bigon et al., 1989), but the
amount of oxygen dissolved in the water also
decreases. A decrease in oxygen concentration, in
addition to the direct physiological effects associated,
in particular, with the suppression of reproductive
functions (Lappalainen et al., 2003) and with energy
expenditure on aeration of the gill epithelium (Frisk et
al., 2012), leads to a change in the species composition
of the biota and, consequently, the quantity and qual-
ity of food (Species, Biró, 2003; Sterligova et al. 2020;
Pe´rez-Bote and Roso, 2012; Boussebaa et al., 2020).
At the same time, the presence of a current promotes
mixing, stabilizing the oxygen regime throughout the
entire thickness of the water, which can partially neu-
tralize the effect of elevated temperature on the con-
centration of dissolved oxygen. If in the southern
regions relatively high temperatures are combined
with a large area of the reservoir, as a result of which
the diversity of biotopes with different quantitative
combinations of environmental factors increases, then
the growth rate and life expectancy can be high
(Argillier et al., 2012). Organic pollution also has a sig-
nificant impact. It almost always leads to eutrophica-
tion, which reduces the concentration of dissolved
oxygen, which in turn slows down the growth rate of
mainly younger age groups of fish (Sandström, Karås,
2002; Frisk et al., 2012). Finally, fishing is also an
important factor, which to one degree or another
always changes the average size of age classes (Gerasi-
mov et al., 2013).

CONCLUSIONS
The distribution of average lengths of pikeperch of

different age classes from Lake Necheritsa is well
approximated by a linear function ,( ) = +5.4 0.2L t x
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R = 0.99. The pikeperch population is represented by
13 age classes, where the maximum sample length is
872 mm. Growth occurs against the background of the
combined influence of climatic factors associated with
latitude, as well as the size and food supply of the res-
ervoir. The share of pikeperch in the 2022 sample
reached 4% of the total number, which is 8 times
higher than its share in Lake Necheritsa in 1998 and
indicates a fairly high relative abundance of pikeperch
in the ichthyocenosis. Six common fish species were
found in the food bolus of pikeperch, including juve-
nile pikeperch itself: their ratio and comparison with
the same species in the sample presumably indicate a
lack of selectivity in the diet. When the abundance is
high enough, pikeperch can act as a regulator of its
own numbers. The absence of fishing pressure and
sources of pollution allows us to assume that the pike-
perch population from Lake Necheritsa does not
experience strong anthropogenic impact, which
makes it possible to consider it a natural standard of
the population of this species in the Pskov Lake Dis-
trict.
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