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ABSTRACT
Due to the emergence of new species in ichthyofauna of the Zaporizke reservoir, there was a
need to study their biology, ecology and patterns of their distribution. Biological invasions of new
species of fish can have diverse effects both within aboriginal populations and within the entire
ecosystem. The pumpkinseed Lepomis gibbosus (Linnaeus, 1758) is one of the most common alien
species in the Zaporizke reservoir, which has already adapted to the new environment and quickly
develops the reservoirs of the region and increases its number. In addition, this species has a wide
range of nutrients and can compete for feed resources with other species of fish. The purpose of the
work: to study the biological and ecological parameters of the pumpkinseed, the basic laws of its
physiology. The paper describes the results of fish morphological studies, estimation of the number
and biomass of young fish, determines the morphometric parameters of peripheral blood, determines
fertility indexes and features of the course of oogenesis. The paper presents preliminary results of the
assessment of the consequences of the invasion of this species in the basin of the Zaporizke Reservoir.
Keywords: pumpkinseed, Lepomis gibbosus, Zaporizke Reservoir, Dnipro, erythrocytes, fish egg,
biological invasion
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1. INTRODUCTION
Due to the appearance of new species in ichthyofauna of the Zaporizke Reservoir it is
necessary to study their biology, ecology and distribution patterns. Biological invasions of
new species of fish can have diverse effects both within indigenous populations and within
the entire ecosystem.
The pumpkinseed Lepomis gibbosus (Linnaeus, 1758) is a member of the sunfish family
(Centrarchidae) of order Perciformes [1, 2]. The natural range of the pumpkinseed is the
freshwater reservoirs of North America from the Great Lakes to Florida. This fish prefers
quiet reservoirs with sandy or pebble soil. At the end of the XIX century a pumpkinseed was
introduced to Western Europe as an aquarium fish. From the ponds in which it was grown, L.
gibbosus (Linnaeus, 1758) has reached the basins of small, and later large rivers of Europe
and Asia [3, 4]. Currently, the pumpkinseed is one of the most common species of alien
species in the Zaporizke Reservoir [5]. Given that this species has already adapted well to the
new environment, it quickly adapts in the reservoirs of the region and rapidly increases its
number [6, 7]. Also, this species has a wide range of nutrition and can compete other species
of fish for feed resources. Therefore, the study of biology and the effects of invasion of this
species is very relevant.
The purpose of our work was to study the biological and ecological parameters of the
pumpkinseed, the basic regularities of its physiology.

2. MATERIALS AND METHODS
Researches were conducted in The Zaporizke (Dniprovske, Dnipro, Dnieper) Reservoir
– the multi-purpose reservoir during 2013–2017. The reservoir is located in the South-west of
Ukraine, in the territory of the agro-industrial zones and been under strong anthropogenic
influence.
2. 1. Characteristics of the research area
Zaporizke Reservoir belongs to the channel type. Type of reservoir by genesis and
location is plain-river; by configuration it is channel; by volume and area it is large; by depth
it is mid-depth; by water exchange it has a very large exchange [8].
Zaporizke Reservoir is located on the territory of Dnipropetrovsk and Zaporizhia
regions of Ukraine. The water reservoir was created on the rapid and middle sections of the
Dnieper in 1931–1934 as a result of the construction of the Dnieper Hydroelectric Station
(DniproHES). The reservoir is limited by dams: below by DniproHES in the city of
Zaporizhia (47°52′09″N 35°05′13″E), and in the top by The Middle Dnieper Hydroelectric
Station in the city of Kamianske (48°32′52.80″N 34°32′28.67″E) [8, 9].
Right bank of the reservoir is located in the steppe area of Pridneprovsk high ground.
The left bank of the reservoir is located in the steppe region of the Pridneprovsk lowland,
divided into two subregions: the northern one, characterized by a combination of valley
flooded areas, meadow and swamp forest steppe types with weak dismemberment (the Dnipro
valley) and southern, extending from the mouth of the Samara River to the dam of
DniproHES and is characterized by the broad development of girder-beam types of terrain [8].
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The length of the reservoir is 128.5 km, the total length of the coastline is about 250 km.
The maximum depth at the dam of the DniproHES is 60 m. The regime of regulation occurs
dayly and weekly, level fluctuations are up to 0.7 m [8, 9].
The physico-geographical zoning of the Zaporizke Reservoir is based on the general
principles of zoning of reservoirs using existing analogies with the zoning of some Volga and
Dnipro reservoirs. The factual basis of zoning was the maps of the area of the reservoir bed
until it was flooded, pilotage water reservoir maps, hydrometeorological yearbooks and
information on geomorphology and hydrology [8, 9].

Figure 1. Physico-geographical position of the Zaporizke Reservoir (48°08′09″N
35°07′43″E).

Due to the fact that the reservoir is formed mainly in flooded valleys of the Dnipro and
Samara (Fig. 1), its water area is divided into 2 ples: Main Dnieper and the Samara Bay
(stretching for approximately ten kilometres at the mouth of the Samara River, flows into the
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northern end of the reservoir). For the first time, the water distribution of Zaporizke Reservoir
began T.O. Svirenko [8]. Considering the structure of the Dnieper valley, the morphology of
the bed and the degree of flooding, it divided the reservoir into 2 stretches: the upper one is
from the place of lens out, of the affluent (Verkhnedneprovsk) to the former rapidshare; the
lower one is the former cataracted area. Based on the speed of the flow and hydrobiological
indicators, the Zaporizke Reservoir is divided into three sections: the upper one is river;
middle one is transitional; the lower one is lake [8].
Thus, these divisions give both geographic and hydrobiological basis for the research.
The reservoir is a multipurpose object with daily and weekly regulation and pre-loading
operation. During the annual level, there are periods of spring-summer filling, summerautumn stabilization, winter weathering.
2. 2. Method of morphometric study
Currently, the methods of complete morphometry in biological research are sufficiently
effective and informative. The study of morphometric indicators of fish makes it possible to
show how environmental factors can affect the structure and adaptation of fish. Differences in
morphometric indices of even-aged, sexually mature individuals caught in different reservoirs
can indicate an ecological factor that needs further in-depth studies [5, 10]. Biological
analysis of fish was carried out in accordance with generally accepted ichthyological methods.
Morphometric parameters were measured on a fresh material by such scheme (Fig. 2) [5, 10].
Morphometric analysis was performed on 22 plastic and 6 meristic features.

Figure 2. Scheme of the measure of the pumpkinseed [5].
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Following indicators were measured in fish: L – absolute length of fish; am –the length by
Smith; l – industrial or ichthyological length; lcor – length of the body; lr – the length of the
snout; do – the diameter of the eye; po – distance behind the eye; ls – length of the head; tt1 –
head height near the neck; H – the highest body height; h – the smallest height of the body or
the height of the tail stem; aD – antedorsal distance; pD – postdorsal distance; pl – the length
of the tail stem; lD – base of dorsal fin; hD – the highest height of the dorsal fin; lA – length
of the base of the anal fin A; hD – the highest height of the anal fin A; LP – length of pectoral
fin P; lV – length of the ventral fin V; PV – pectroventral distance; VA – ventroanal distance;
l.l – number of scales in the lateral line. D – number of rays in the dorsal fin; A – number of
rays in an anal fin; P – number of rays in the ventral fin; V – number of rays in the ventral fin;
C – number of rays in the tail fin.
2. 3. Morphometric analysis of blood smears
The morphometric analysis of dyed smears of blood using a direct light microscope is
still a key research in assessing the state of hematopoiesis. Many changes that arise as a result
of the influence of external environmental factors on the organism of fish can be traced by
changes in the morphological parameters of the blood formed elements.
The distribution of erythrocytes by size of their diameter (anisocytosis) on microcytes,
normocytes and macrocytes was proposed by Hayem G. in 1889. Further, the most widely
used indicators of red blood cells were proposed by the Price Jones and they are reflected on
the histogram, named after him, which shows distribution of red blood cells by diameter.
Technically, Prices Jones has measured cells by projecting the microscope field of view with
a blood on the screen, measuring their projection by a ruler in two diameters at a constant
magnification scale. Other researchers have measured erythrocytes under microscope by
Leitsevsky ocular micrometer. In addition, some authors favored the use of wet preparations,
believing that erythrocytes thicken on fixed drugs. Other authors believe that fixation and
coloring do not change the size of erythrocytes [11].
Thus, due to the popularity of the interpretation of the measurement of morphometric
indices of erythrocytes, a single approach on this issue has not been developed. Computer
analysis of images, which in recent years has become the most used, can be considered as a
universal method for measuring biological objects, which allows obtaining data that is not
available when using current hematologic analyzers. The morphometric parameters include:
diameter (D), thickness (T), area (S), index of sphericity (Lsf) [11].
Investigation of the parameters of the formed blood elements of L. gibbosus (Linnaeus,
1758), namely erythrocytes, was carried out with several parameters: the area of the
erythrocyte, the area of the nucleus, the small and large diameters of the red blood cell. Those
parameters were measured in several age groups of L. gibbosus (Linnaeus, 1758): firs summer
fish (0+), yearlings (1+), two years old (2+). The morphometric study of erythrocytes was
performed using a computer analysis of the microphotographs made using the "Sciencelab
T500 5.17 M" digital camera, which was attached to the microscope “Biolam 70”.
2. 4. Method of eggs research
Fish eggs studies are sufficiently informative to determine the fertility and reproductive
capacity in general. The main methods for eggs studies are the determination of the stage of
maturity of the gonads and the fertility of the fish, as well as the histological study of the
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gonads. Study of data on gametogenesis is essential for a better understanding of the adaptive
capacity of fish to conditions of existence and provide an opportunity to predict the
population size, understand the laws of physiology of a certain species of fish.
2. 5. Method of determining fertility
When sampling for fertility, each female was measured and weighed, and the scales
were taken for further age determination. The fish were then dissected, the entire ovary was
weighed and sample was separated from the for counting. The sample was weighed on
pharmacist scales, placed in a container, labeled and filled with a weak 4% formalin.
The species and serial number of fish, time and place, fishing gear, degree of maturity,
body length, weight of all fish, spawn and selected sample were recorded to the corresponding
biological journal. The graphs were left to enter the number of eggs in the sample, in the
whole ovary, the diameter of the eggs and for the age of the experimental fish.
To determine the average size of the egg, 10 eggs were taken, placed in a straight line
and the length of this line was divided by 10, obtaining the average diameter of the eggs. As
the eggs swells in water, eggs should be freshly removed from the ovary or fixed in the
formalin. For each individual, the index of individual absolute fertility was calculated.
Individual Absolute Fertility (IAF) is the number of mature eggs in the ovaries of one fish.
Calculations were carried out using the weighting method using formula (1):
IAF =g×∙n,

(1)

where: g – is the weight of ovary, g; n – is the number of eggs in 1 g of sample.
2. 6. Methodology for the study of oogenesis
Ichthyological material was taken from end of spring till the beginning of summer, at a
water temperature of 15 to 25 °C when the spawning of the pumpkinseed continues. Sections
were made using microtome «MZP-01 Tehnom». Specimens were dyed by hematoxylin-eosin
and by Mallory staining [12, 13]. Microphotographs of histological specimens were taken by
digital camera «Sciencelab T500 5.17M», which was connected to the microscope “Biolam
70”. The oocytes were descripted as per M. M. Shihshabekov [14] (Fig. 3).
Three phases of development of oocytes were chosen for the study: D, E and E–F:
phase D is the phase, when the sex cells pass a stage of primary accumulation of yolk and
vacuolation, a period of trophoplasmic growth; phase E is oocyte filled with yolk; phase E–F
is when oocyte is in the transitional stage of development, before entering the environment
[14].
Using special camera software, morphometric parameters of the oocytes were measured,
namely: cell area, nucleus area, diameter and vacuole area, and the thickness of the oocyte
membrane. During the work, bioethical norms are not violated. The experiment was
performed according to the “Provisions for the use of animals in biomedical experiments”
[15].
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Figure 3. Scheme of gametogenesis by M. M. Shihshabekov [14].

2. 7. Statistical processing
Statistical data processing was carried out by conventional methods using software
packages for personal computers Statistica 8.0 (StatSoftInc, USA). All results are given as the
mean ± standard deviation (SD). There liability of the difference between data samples was
determined using one-factor ANOVA dispersion analysis at a significance level p<0.05.
The rate of the pumpkinseed sunfish distribution was calculated using the work by
Kozlov (1993) [16]. The calculations were based on the data of control catches for 2007–2017
and the distance between control stations where the presence of the pumpkinseed sunfish in
different years was registered.

-27-

World Scientific News 95 (2018) 21-51

3. RESULTS AND DISCUSSION
The pumpkinseed (Fig. 4) has a narrow body and rarely exceeds 20 cm of standard
length. Dorsal spines (total): 10–12; Dorsal soft rays (total): 10–12; Anal spines: 3; Anal soft
rays: 8–11; Vertebrae: 28–30. A unique color helps the pumpkinseed to be unique within
other family members. The front and bottom of the body has a color from orange to redorange, and back and lateral sides are from brown to olive. On some individuals, there are
spots of orange, yellow, blue and emerald color on the sides of the dorsal and anal fins. The
pumpkinseed has from seven to eight irregular vertical bands on the sides of the body. The
pumpkinseed can be identified by the growth of the skin at the back of the gill cover, with a
black or dark red spot [17].

Figure 4. The pumpkinseed Lepomis gibbosus (Linnaeus, 1758)
(photo by Oleh Nesterenko, 2017).

Individuals have pronounced sexual dimorphism. Males are usually larger but have
more pronounced vertical bands, their color is brighter during reproduction. Youth of both
sexes have color from green to olive [18].
Apparently morphological differences in populations are directly related to the spectrum
of nutrition. They feed on small fishes and other vertebrates, as well as fish eggs. The
presence of gastropods in the diet correlates with the size of the muscles of the jaw. Large
muscles of the jaw allows the pumpkinseed to break the shells of large molluscs. Littoral
pumpkinseed usually has a deeper body, a longer head, large root teeth, a rear placement of
dorsal and thoracic fins, have more space between gill rakers. Reducing the space between
gill rakers in pelagic individuals may be beneficial for the capture of small prey, for example,
zooplankton [5, 19-21].
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3. 1. Natural range
The natural range of L. gibbosus (Linnaeus, 1758) is limited to North America (Fig. 5).
It was first found in freshwater reservoirs from New Brunswick down to the Atlantic coast to
northern Georgia. The species was also met in the west of the Appalachians from the southern
province of Quebec to southern Ohio, in the west to the north of Missouri, and north through
the eastern part of South Dakota to eastern Manitoba, including Western Ontario [22].

Figure 5. Natural distribution area of the pumpkinseed [23]. Note: the green color indicates
the natural range of the pumpkinseed, yellow is its artificial settlement on the continent.

The natural habitat of the species includes the Hudson Bay, the Great Lakes, the upper
Mississippi and Missouri water bodies of the state of South Carolina and the northwestern
part of Georgia. The spread of the pumpkinseed in the reservoirs of North America began in
the early 1940. The highest point of its distribution was in the 1980s and 90s. Currently, its
area covers most of Canada, Mississippi, the entire Missouri Basin, and almost all of the
eastern and western states of the United States [22].
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3. 2. The age and growth
The maximum known age of L. gibbosus (Linnaeus, 1758) is from eight to ten years,
maximum reported age: 12 years [24]. The youth of the pumpkinseed grows fast and reaches
5 cm in the first year. Sexual maturity and reproduction occurs in the second or third year.
Several environmental parameters are known to affect the pumpkinseed growth rate,
including water quality, temperature, population density, and the presence of other species.
Depending on the quality of water, the mature individual can reach from 13 to 20 cm in length
and weights from 0.23 to 0.34 kg [5, 19, 23]. Maximum published weight: 630.0 g [26].
3. 3. Reproduction and nutrition
Spawning of pumpkinseed takes place in the end of spring, beginning of summer at the
temperature of 15–25 °С and can last till august, when the water temperature reaches 27.8 °C.
The males build small, round nests on the sand or gravel at the bottom of the reservoir at
depths up to 1 m before spawning (Fig. 6) [5, 27]. Colonies of such nests can contain up to 15
nests. Males use their tail fins to make patelliform nest with diameter of 10–38 cm [28].

Figure 6. The pumpkinseeds spawning nest (photo by Oleh Nesterenko, 2017).

When the nest is built, the male protects it from other fish species. Females are waiting
deeper until nests are built, and then swim to them. Males flow from the nest to attract the
females’ attention. The pair then swims in a circular path over the nest and eggs and sperm is
released in intervals. One female can lay from 1500 to 3600 eggs. Males can pair more than
once with the same or different partners. Females lay eggs more than in one nest, sometimes
several females can spawn in one nest at the same time [28]. Only male demonstrates parental
care; it stays near the nest and drives away the enemies.
Depending on the temperature of the water, the larvae leave eggs in 3–5 days after
fertilization. From 1500 to 15000 fish fries can hatch in one nest.
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Pumpkinseed is omnivorous. For example, individuals from pelagials specialize are
zooplankton-eaters, while those living in a shallow coastal zone predominantly feed on
macrozoobenthos. Their main diet consists of dipterans larvae. In the study of three shallow
western lakes in Washington, it has been found that about 98.8% of the pumpkinseed diet
consisted of invertebrates, while the other 1.2% were aquatic plants and detritus.
Pumpkinseeds feed on a variety of small food both at the surface of the water and at the
bottom. Among their favorites are insects, mosquito larvae, small molluscs and other
crustaceans, worms, minnow fry, and even other smaller pumpkinseeds (Fig. 7). They have
been known to feed on small crawfish, and occasionally, they feed on small pieces of
vegetation, as well.

Figure 7. Some objects of spectrum of nutrition pumpkinseed of 1 – some small fish
(cyprinidae scale); 2 – amphibians and fish eggs; 3 – insect larvae; 4 – all cladoceres and
copepoda.

When young fish grow, depending on the length of the body, the pumpkinseed can feed
on everything from zooplankton to mollusks (snails) and crustaceans. At first, young fish of
up to 2 cm consume phytoplankton. In the feeding spectrum of the yearlings of the
pumpkinseed from the Zaporizke Reservoir, we detected freshwater algae that belonged to
four divisions: Bacillariophyceae, Cyanophyta, Chlorophyta and Euglenophyceae.
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It was found that 52% (20 genera) of the total number of algae belonged to the
Bacillariophyceae department, the freshwater algae of the Chlorophyta department was 25%
(10 genera), the next Cyanophyta 18% (7 genera), the smallest number of species –
Euglenophyceae 5% (2 genera). Then, the pumpkinseed fry feed on planktonic crustaceans,
such as Leptodora kindtii, gradually converting to benthos (Limnomysis benedemi,
Dikerogammarus s., Corophium curvispinum) and various chironomids; later, they can
consume small fish [5, 17, 29].
In the pelagic L. gibbosus (Linnaeus, 1758) are fed zooplankton. Hembright and Hall
(1992) found that the eating rate of zooplankton and its size correlate with the size of the
perch. Perifiton is also an important component of the fish diet. With the age of L. gibbosus
(Linnaeus, 1758), they are becoming more and more predatory, and go on to feed small
caviar, small fish and amphibians [17].
3. 4. Distribution
Large fish farming and pond farms in the basins of the middle and lower flows of the
rivers, the zone of hot water discharge of the thermal power station, cogeneration plant,
industrial enterprises and the cooling pond are not only a place for a number of purposeful
introductions of thermophilic economically valuable species of fish and invertebrates, but also
a safe place for casual entrants, which got into the reservoir with the help of aquarist efforts or
as accidental material with deliberate intrusion of fish and fishery objects [30, 31].
The spread of the pumpkinseed beyond its natural range has been observed throughout
the world for many years, and for many reasons. In the early 1900s, the species was
introduced into European reservoirs as a potential fish for sport fishing and decorative
cultivation in ponds and aquariums. Fries and larvae of Bulgarian L. gibbosus (Linnaeus,
1758) were randomly released into the Macedonian River [30].
The extension of the range of pumpkinseed in Canada began in the early 1900's, when it
began to be released into the system of the Columbia River. Since then, they have entered the
system of the Kentain River in British Columbia and have become one of the dominant
species in the Crystal Valley. Invasions served different purposes in different parts of Canada,
including the control of other fish populations, and as a feed for predatory species such as the
Micropterus salmonids (Lacepede, 1802). Alien pumpkinseed is also found in several lakes
on Vancouver Island [32, 33].
3. 5. Penetration into the reservoirs of the Dnipropetrovsk region
At present, the pumpkinseed sunfish has acclimatized in freshwater bodies of Europe
and Asia; its range has reached water bodies of Ukraine. Now the species is common in the
lower reaches of many rivers which discharge into the Black Sea. For the first time, the
species was recorded in the delta of the Danube in 1949; later, it was recorded in many water
bodies in the northwest of the Black Sea basin [35, 36]. During the last decade, the migration
of the pumpkinseed sunfish to reservoirs of the Dnieper cascade has been observed.
According to the published data [5, 37], the pumpkinseed sunfish was recorded for the first
time in the Kakhovka Reservoir in 2000. In the basin of the Zaporizke Reservoir, the species
was detected in 1992–1993 (oral presentation by G.A. Miroshnik, 1996) [38]. In the following
years, catches of the pumpkinseed sunfish in water bodies of Dnepropetrovsk oblast became
more frequent [39]. The species is widespread in water bodies of Crimea, and solitary

-32-

World Scientific News 95 (2018) 21-51

specimens were recorded in highly desalinated areas of the Black Sea, including Odessa Bay
[40].
The propagation of introduced fish, including the pumpkinseed sunfish, is one of the
urgent issues of ichthyological science. It is suggested that the species competes with
aboriginal species of fish for food and can cause damage to the fishing industry, eating eggs,
larvae, and juveniles of commercial fish species [35, 41]. The biology and ecology of the
pumpkinseed sunfish in water bodies of the Dnieper basin has been studied poorly. At
present, the information on feeding, reproduction, and behavior of the pumpkinseed sunfish in
the Zaporizke Reservoir and the age and sex structure of local populations is scarce.
On the territory of Ukraine, the pumpkinseed was found in the basins of the Danube and
the Dnieper rivers. In the reservoirs of the Dnipropetrovsk region, it got in 1983 from the
ponds near the Pashena Balka village and through the system of the rivers Sukha Sura–Mokra
Sura in the Zaporizke Reservoir (Fig. 8). There are also facts of catching pumpkinseed in
fisheries ponds, where it gets with fish-planting material [38, 39, 42]. Today, cases of single
catches of L. gibbosus (Linnaeus, 1758) occur in the middle flows of the Dnipro river [43].

Figure 8. Block diagram of the resettlement of the pumpkinseed in some water
bodies of Europe [5].
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In the course of ichthyological research in the Zaporizke Reservoir water area, as well
as in the small rivers and reservoirs of the Dnipropetrovsk region, the pumpkinseed is
recorded in shallow areas of the reservoir, in some gullies (Vorona 48°16′03″N, 35°14′40″E,
Krupska 48°21′16″N, 35°22′22″E, Shiyanka 48°39′93″N, 35°15′19″E, Velyka Osokorivka
48°09′12″N, 35°16′46″E), in Samara Bay, as well as in the rivers Mokra Sura and Samara [3,
7, 12]. In the autumn of 2017, the pumpkinseed was caught in a cooling pond of
Zaporizhzhya NPP 47°50′40″N, 34°57′00″E.
Currently, this species adopted in the biotopes of the reservoir's coast and some of its
tributaries (the Mokra Sura River 48°27′35″N, 34°13′55″E, Samara Dniprovska River
48°28′51″, N 35°09′13″E, Bazavluk River 48°25′59″N, 34°15′25″E, Vovcha River
48°63′69″N, 35°69′12″E), and is in artificial reservoirs of the area (Soloniansky,
Novomoskovsk, Nikopol districts) (Table 1). Separate individuals are caught by amateur and
sport fishermen in the Dnipro-Donbas hydrotechnical channel (48°44′10″N, 34°18′38″E–
49°10′21″N, 36°59′09″E) near the Peryshchepine village.
Table 1. Some dates of records of catches and calculated rate of spreading of the
pumpkinseed sunfish
Year
of record

Site of catches

Rate
of
spreading

1890

Germany

89

1918

Danube River, near Bucharest

–

1949

Danube River, delta

30

1952

Danube River, delta

–

[16]

1970

Danube River, delta

12

[16]

1984

Canal near Skadovsk

10

[16]

1980

Tisa River in Transcarpathia

12

[16]

1983

Ponds in the settlement of Pashena Balka
(Dnepropetrovsk oblast)

–

[42]

1993

Water bodies in Dnepropetrovsk oblast

–

Miroshnik, 1996 [38]

2000

Kakhovka Reservoir

–

[37]

2002

Zaporizke Reservoir

–

[42]

2006

Kakhovsky Canal

–

[44]

2007

Zaporizke Reservoir, village of Voloske

–

Our data

2008

Mokra Sura River, mouth

7

Our data
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2009

Mokra Sura River, middle part

9

Our data

2009

Samara Bay

6

Our data

2010

Samara River

10

Our data

5

Our data

10

Our data

2010

2010

Zaporizke Reservoir, middle part village
of Stari Kodaki, village of Lyubimivka,
village of Voloske
Zaporizke Reservoir, lower part village of
Viskove village of Oleksiivka and
Krupska gully village of Vovnigi

2012

Zaporizke Reservoir, everywhere

–

Our data

2012

Mokra Sura River, everywhere

–

Our data

2012

Samara Bay, everywhere

–

Our data

2015

Vovcha River

–

Our data

2017

cooling pond of Zaporizhzhya NPP

–

Our data

The rate of spread of the pumpkinseed in the reservoirs of the Dnipropetrovsk region is
7–10 km/year for large and small rivers, and 5–10 km/year for the Zaporizke Reservoir water
area.
3. 6. Results of the study on the age structure of the population
The age composition of the population of males of the pumpkinseed that came under the
control gear of the catch (the seine and the stack nets) accounted for 5 age classes represented
by individuals aged from 3 to 7 years, which was 20% and 6.6% respectively. The core of the
population was presented by five-year-olds, which amounted to about 32% (Fig. 9).

Figure 9. The age of pumpkinseed males.
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The age structure of the female population had got 4 age classes. The catches of the
pumpkinseed are represented by individuals aged from 3 to 6 years, which was 15% and 10%
respectively (Fig. 10).

Figure 10. The age of the pumpkinseed females.

The reproductive core of the pumpkinseed population was females at the age of 5 years
– 40%. The analysis of the age structure of the population of the pumpkinseed indicates an
increase in the number of age classes in the population of the pumpkinseed in the Zaporizke
Reservoir, which may indicate the further increase in the population of this species.
3. 7. Results of morphometric analysis
The object of the research was two years old (2+) and three years old (3+)
pumpkinseed. Morphometric analysis of individuals was carried out according to the
generally accepted scheme. Measurement of indicators was carried out on fresh material.
Morphometric analysis was performed on 22 plastic and 6 meristic features.
The absolute length of the three year old pumpkinseed ranged from 8.0 to 11.6 cm
(9.60±0.68 cm) in females and from 8.8 to 11.8 cm (10.10±0.39 cm) in males The industrial
length was 7.2–10.0 cm (8.46±0.36 cm) in males and 6.5-9.8 cm (7.98±0.56 cm) in females, a
weight was 9.36–35.24 g (19.32±3.25 g) and 10.5–25.59 g (16.42±2.42 g), respectively.
The absolute length of the two-year-olds ranged from 8.5 to 10.5 cm (9.23±0.64 cm) in
females and from 8.7 to 9.9 cm (9.53±0.28 cm) in males. The industrial length was 7.5–8.5
cm (8.08±0.21 cm) in males and 7.0–9.0 in females (7.77±0.62 cm), weight was 13.96–16.84
cm (15.88±0.68 cm) and 12.19–26.0 cm (17.11±4.45 cm) g, respectively.
The ratio of males and females (both in the two-year and three-year-olds) was characterized
as 4:3.
Meristic signs of L. gibbosus from the Zaporizke Reservoir are following: D (IX) X (XI)
11 (10, 12); A III 9–11; P 8–12; V I 5; C 16–19; l.l
. Among the examined fish, there
was one fish that had got a large number of spiny rays in the dorsal fin D XV 6.
Plastic signs of the pumpkinseed in percentage of ihtiological length (body morphometric
indices) and % of head length (morphometric indexes of the head) (Table 2).
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Table 2. Results of the morphometric study of pumpkinseed, (x ± SD)

Features

Females 2+,
n=49

Males 2+,
n=51

Females 3+,
n=61

Males 3+,
n=55

lcor

67.91±0.62

70.91±1.02

71.04±0.39

70.12±0.97

H

47.27±0.65

41.23±0.92

47.56±0.67

44.67±0.96

h

15.45±0.19

13.62±0.36

14.47±0.55

16.17±0.56

aD

47.46±1.62

45.91±1.43

46.12±1.56

43.25±2.20

pD

24.48±0.70

26.03±0.61

26.16±1.31

25.02±0.82

pl

19.06±1.59

20.15±3.21

15.61±1.75

19.34±1.29

lD

42.12±3.60

38.77±3.30

47.00±1.03

46.13±1.04

hD

13.03±0.98

13.62±0.56

11.54±1.01

12.98±0.54

lA

24.36±3.54

16.40±0.32

25.39±2.13

20.74±0.89

hD

17.21±0.33

15.28±2.88

16.24±1.16

18.07±1.08

lP

30.40±0.92

26.57±0.92

29.26±1.11

26.66±1.07

lV

21.14±0.88

17.64±0.32

20.75±0.86

19.75±0.54

PV

15.80±0.76

14.83±0.58

14.64±0.52

15.90±0.24

VA

26.92±1.82

24.82±0.66

27.17±1.67

26.45±0.68

lr

19.42±6.68

32.53±3.78

29.62±2.62

25.35±1.36

do

24.63±1.79

20.97±1.76

27.65±2.85

19.71±2.96

po

50.00±1.15

50.00±1.99

52.80±2.66

47.59±7.11

tt1

87.08±4.53

82.73±1.58

97.87±4.80

77.03±10.79

Note: 2+, 3+ – age of fish.

According to the results of the morphometric analysis, it was found that the three-yearold females of the pumpkinseed had got significantly (at p<0.05) higher index of the highest
body height (2.89%) and a smaller index of the lowest height of the tail stem (1.7%). In the
analysis of two-year-old, it was found (at p<0.05) that females were 6.05% higher than males
in terms of the highest body height. Also, females had got a greater length of ventral and
pectoral fins of 3.49% and 3.82% respectively. The obtained results give an opportunity to
draw conclusions on the presence of sexual dimorphism in the individuals of the pumpkinseed
according to morphometric indices.
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3. 8. Investigation of blood parameters
Fish are constantly under the influence of a variety of external and internal factors
because of their environment. The blood that directly participates in all processes in the body
of fish is one of the tissues that is exposed to this influence most of all, due to its
functionality. It is an indicator of a considerable number of physiological changes, and it is
expedient to study all its morphometric, biochemical, physical, and other features.
By area, the size of erythrocytes of fingerlings of pumpkinseed (Fig. 11) varied from a
minimum of 47.24 μm2 to a maximum value of 94.55 μm2; the average value of the size of
erythrocytes was 66.29±0.94 μm2. The size of the nuclei varied from a minimum value of
5.37 μm2 to a maximum of 17.41 μm2; the average value of the size of the nuclei was
10.47±0.26 μm2. Erythrocytes of this age group were generally more rounded, because at this
age there is still a process of hematopoiesis, and young forms of cells prevail in the blood.

Figure 11. Erythrocytes of the pumpkinseed fingerlings (0+).
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Figure 12. Erythrocytes of the pumpkinseed yearlings (1+).
In the yearlings, the size of erythrocytes (Fig. 12) varied from a minimum of 57.52 μm2
to a maximum value of 84.18 μm2; the average value of erythrocyte size was 67.92±0.56 μm2.
The size of the nuclei varied from a minimum of 5.69 μm2 to a maximum of 13.12 μm2.
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Figure 13. Erythrocytes of the pumpkinseed two-year-olds (2+).
The average value of the nucleus size was 8.97±0.16 μm2. Erythrocytes of yearlings had
got more elongated shape, the large diameter at the same time was 12.7±0.07 microns, and
small one was 6.82±0.04 microns. There was a significant difference between the diameters
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of age groups 1+ and 2+: the small diameter of yealings was less by 6.95%, and the larger by
more than 11.5%.
By the area, the size of erythrocytes of the two-year-olds (Fig. 13) varied from the
minimum value of 52.37 μm2 to the maximum value of 93.79 μm2; the average value of
erythrocyte size was 72.82±0.73 μm2. The size of the nuclei varied from a minimum of 6.01
μm2 to a maximum of 13.81 μm2; The average value of the size of the nuclei was 9.88±0.16
μm2. There was a significant difference between the size of erythrocytes in the age groups 2+
and 0+, 2+ and 1+: the size of the cells of yearlings was 8.9% larger than that of the
fingerlings, and by 6.7% compared to two-year-olds.
According to the results of erythrocytes (Table 3), we have found patterns of change in
morphometric parameters of cells (Fig. 14). The size of erythrocytes increased only in
individuals at the age of 2+, by 6.7% compared to yearlings and by 8.9% compared to
fingerlings, we have not found the significant difference in the size of cells in fingerlings and
yearlings.

Figure 14. Age changes of morphometric parameters of erythrocytes.
Note: Se – of erythrocyte, Sn – area of the nucleus, D – large diameter,
d – small diameter. 0+, 1+, 2+ – age of fish.
Table 3. Results of the morphometric study of the blood of pumpkinseed, (x ± SD)
№

Parameters

0+,
n=100

1+,
n=100

2+,
n=100

1.

Area of erythrocyte, Sе

66.29±0.94

67.92±0.56

72.82±0.73

2.

Area of the nucleus, Sn

10.47±0.26

8.97±0.16

9.88±0.16

3.

Big diameter, D

11.24±0.09

12.7±0.07

12.36±0.1

4.

Small diameter, d

7.33±0.09

6.82±0.04

7.55±0.15

Note: 0+, 1+, 2+ – age of fish.
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The largest size of nuclei was observed in the age group 0+, due to the high biosynthetic
activity of cells and the inadequate readiness of the cytoplasm to perform the oxygen transport
function. Also, there was a change in the shape of cells, due to the change in diameter.
Erythrocytes of the 1+ pumpkinseed had got more elongated shape, a large diameter was
significantly increased by 11.5%, and a small diameter decreased by 6.95% compared with
fingerlings.
The blood cells of the 2+ pumpkinseed are more rounded than those of 1+ ones, a
significant difference between the small diameter 2+ and 0+ is not detected, the small
diameter is significantly increased by 9.7% compared to 1+. The large diameter of cells of
two-year olds is significantly increased by 9.1% compared to the fingerlings, but decreased
significantly by 2.7% compared to yearlings.
Thus, it was found that in the process of growth of pumpkinseed, the parameters of
peripheral blood cells of fish vary in size of red blood cells (2+ significantly increase with
respect to the size of the cells of the blood of fingerlings and yearlings respectively by 8.9%
and 6.7%), by large diameter (initially there is an increase in the large diameter of yearlings
compared to fingerlings by 11,5%, then this parameter is reduced by 2.7% in cells of the 2+
age group).
The size of the nuclei varies due to the level of biosynthetic activity of the cells (the
largest nuclei are observed in the blood cells of the pumpkinseed of the 0+ age group, as the
process of hematopoiesis continues and young cells have high synthetic activity).
3. 9. Research on the fertility of the pumpkinseed
Absolute fecundity of females with the length of 7.3–14.1 cm at the age of three and six
years varies from 3220 to 29172 eggs; the relative fecundity varies within the range of 158–
588 eggs. The average indicator of individual absolute fecundity (IAF) of pumpkinseed
females from the Samara Bay of the Zaporizke Reservoir was 7366.3 eggs. The highest index
of fecundity was peculiar to four years old individuals; the average IAF was 8549.7 eggs (Fig.
15).

Figure 15. Indices of individual absolute fertility of the pumpkinseed.
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Beginning from the age of five years, the fertility index in the pumpkinseed is gradually
decreasing, which may be due to the aging of the organism of the fish. The IAF rate of fiveyear-olds reached about 7676.6 eggs, and six-year-olds had 600 eggs fewer and averaged
7018 eggs.
The studies on pumpkinseed reproduction have an important theoretical and practical
significance for solving the problems with the spread of this species and its adaptation to new
living conditions. An important aspect of the research of reproductive features of
pumpkinseed is studying histological peculiarities of the development of sex products and
phases of gonad development of this species under the conditions of Zaporizke Reservoir.
3. 10. Research of oogenesis
As a result of studies on the oogenesis of the pumpkinseed, we analyzed the
microphotographs of the gonads, in which there were cells of three stages of development
(Fig. 16), which shows a portion spawning of this fish.

Figure 16. Phases of development of eggs D, E and E–F.
Note: m – cell membrane, v – vacuole, n – nucleus.

In the vacuolation phase (phase D) vacuoles in the cells are small, uniformly located
inside, their diameter is 13.2±0.9 μm, and ranges from a minimum of 4.4 μm to a maximum
of 54.5 μm. The number of vacuoles increases up to the end of phase D. The diameter of the
oocyte reaches 234.7±8.2 μm. The diameter of pronounced nucleus is 52.5±1.3 μm, and the
thickness of the oocyte membrane is 4.5±0.3 μm. The size of the cells considerably varied
from 8190.7 μm2 to 86066.3 μm2. This may indicate an asynchronous development, which
manifests in the formation of a one-phase, multi-size oocyte.
Vitellogenesis (a process of accumulation of nutrients, especially yolk, which is stored
in the form of granules) intensifies in the E phase. Vacuoles in this phase reach a certain
maximum size and cease the growth. The diameter of the vacuoles is 27.7±1.1 μm on average,
and the area of oocytes is 205506.8±10639.8 μm2. The thickness of the membrane in the E
phase slightly increases and reaches 5.2 ± 0.5 μm. The number of vacuoles in the
development process reduces due to their merging, which begins at the end of the phase. This
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is due to the accumulation of yolk granules in the oocyte cytoplasm, which shifts vacuoles,
and then they merge to form homogeneous layers.
In the E–F phase, a massive fusion of vacuoles is observed, and some separate vacuoles
have a diameter of 25.42±1.1 μm, from a minimum value of this parameter of 7.1 μm to a
maximum of 63.7 μm.
It should be noted that the growth of vacuoles is not observed, compared to the phase E,
and the slight difference in parameters is caused by the fact that most vacuoles merge
togather, especially large ones. The size of the oocytes of the E-F phase is 209756.2±9652.4
μm2, and their diameter is 511.1±80.7 μm. The thickness of the membrane also increases,
compared with the previous phases, and reaches 7.4±0.5 μm.
As a result of studies on the oogenesis of pumpkinseed, various phases of oocytes
development have been identified (Fig. 17), which indicates the anisochronous cell
development, which is explained by the fractional spawning of the species.

Figure 17. Different phases of oocytes development in one field of vision
Note: central cell – E phase of development of, cells on the periphery – D and C phases;
m – cell membrane v – vacuole, n – nucleus.

It was also found that in the E–F stage, the vacuoles of the oocyte merge, forming a
peculiar layers caused by an intensive process of vitologenesis.
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3. 11. Consequences of the biological invasion
The number of pumpkinseed increases. It is often caught in industrial fishing gear,
recorded during scientific research and caught by amateur fishermen. If in 2011, pumpkinseed
was caught rarely, in 2012–2013, its local habitats were found in the Zaporizke Reservoir and
its tributaries, and the number of this species fingerlings reached 0.03 ind./100 m 2 in the
Samara Bay and 1.6 ind./100 m2 in the Zaporizke Reservoir.
The number of yearlings has increased respectively, and in 2016 in the Zaporizke
Reservoir number of two-year-olds per m2 of shallow water areas was almost twice higher
than in 2012 and amounted to 0.93 ind./100 m2. The total biomass of young pumpkinseed
(fingerlings + yearlings) in 2013 in the littoral areas of the Zaporizke Reservoir reached 8.74
g/100 m2, which is almost 63.3% more than this indicator in 2012.
In 2014, the number of pumpkinseed fingerlings at the research stations reached 1.8
ind./100 m2 in Samara Bay and 1.5 ind./100 m2 in the reservoir. In 2015 in the Samara Bay
there was a significant increase in the number of pumpkinseed, up to 2.7 ind./100 m2.

Figure 18. Capture of the pumpkinseed in 2016
(photo by Oleh Marenkov, 2016).

Currently, it is quite difficult to predict the number of pumpkinseed in Zaporizke
Reservoir, but judging from the fact that this species is well adapted to the environment of the
region and acclimates quickly the reservoirs of Dnipropetrovsk region, its number increases.
The increase in the number can be explained by the fact that during monitoring catches in
May 2012 in the Samara Bay near the Odynkivka village 48°50602 N, 35°18871 E,
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pumpkinseed, was rarely caught in such fishing gear as gill nets with a mesh size of 30-32
mm. And in 2016, during the works at the monitoring point in the waters of the Samara Bay
in the Novoselivka village 48°57354 N, 35°23509 E from June 10, 2016 till June 30, 2016
during the analysis of industrial catches from stack nets with a mesh size a = 30 mm 20–200
kg of pumpkinseed was removed daily (Fig. 18). A similar picture was typical for 2017.
It was also found that the fries of the pumpkinseed are included in the feeding range of
European perch Perca fluviatilis (Linnaeus, 1758) (Fig. 19). This suggests that the studied
species already has got a certain ecological niche not only as a "predator" but also as a
"victim".

Figure 19. Pumpkinseed in a food spectrum of European perch
(photo by Oleh Marenkov, 2016).
This species is not of an industrial significance, but the question arises about the posting
of this species at fish receptions and consideration of it as a partial species in the fishery in the
Zaporizke Reservoir. It is recommended to allow pumpkinseed catches without limitation and
forecasting. The research results have formed the basis of the regulatory documents on the
order of industrial fishing in the Zaporizke Reservoir in 2017, in particular the project "Limits
and forecasts of permissible special use of water bioresources of national importance in
Dnipro reservoirs in 2017".

4. CONCLUSIONS
1.

The age composition of the populations of the pumpkinseed consisted of nine classes:
fingerlings – 33.22%, yearlings – 13.94%, two-year-olds – 22.68%, three-year-olds –
14.43%, four-year-olds – 2.06%, five-year-olds – 11.10%, six-year-olds – 2.55%. The
reproductive core of the pumpkinseed population was females at the age of 5 years –
40%.
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2.

According to the results of the morphometric analysis, it was found that the threeyear-old females of the pumpkinseed had got significantly (at p <0.05) higher index of
the highest body height (2.89%) and a smaller index of the lowest height of the tail
stem (1.7%). In the analysis of two-year-old, it was found (at p <0.05) that females
were 6.05% higher than males in terms of the highest body height. Also, females had
got a greater length of ventral and pectoral fins of 3.49% and 3.82% respectively. The
obtained results give an opportunity to draw conclusions on the presence of sexual
dimorphism in the individuals of the pumpkinseed according to morphometric indices.

3.

In the process of growth of pumpkinseed, the parameters of peripheral blood cells of
fish vary in size of red blood cells (2+ significantly increase with respect to the size of
the cells of the blood of fingerlings and yearlings respectively by 8.9% and 6.7%), by
large diameter (initially there is an increase in the large diameter of yearlings
compared to fingerlings by 11.5%, then this parameter is reduced by 2.7% in cells of
the 2+ age group). The size of the nuclei varies due to the level of biosynthetic activity
of the cells (the largest nuclei are observed in the blood cells of the pumpkinseed of
the 0+ age group, as the process of hematopoiesis continues and young cells have high
synthetic activity).

4.

The highest index of fecundity was peculiar to four years old individuals; the average
IAF was 8549.7 eggs. The IAF indicator ranged from 591.1 to 14817.6 eggs. 73.2% of
total number of eggs belonged to stage IV of maturity, while the remaining 26.8%
were eggs of the stage ІІІ of maturity, which form the next generation. Beginning from
the age of five years, the fertility index in the pumkinseed is gradually decreasing,
which may be due to the aging of the organism of the fish. The IAF rate of five-yearolds reached about 7676.6 eggs, and six-year-olds had 600 eggs fewer and averaged
7018 eggs.

5.

It is noted the the anisochronous development of pumpkinseed oocytes, as evidenced
by different stages of cell maturity on each histological preparation, which we have
researched. This is explained by the fractional spawning of the pumpkinseed.

6.

The research results have formed the basis of the regulatory documents on the order of
industrial fishing in the Zaporizke Reservoir in 2017, in particular the project "Limits
and forecasts of permissible special use of water bioresources of national importance
in Dnipro reservoirs in 2017" according to which the pumpkinseed was first
introduced into the list of species of fish, the fishing of which is not limited.
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