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Background. The pumpkinseed, Lepomis gibbosus (Linnaeus, 1758), known also as pumpkinseed sunfish, is
native to eastern and central North America. Its introduction to Europe has resulted in fast spreading of the
species over the continent. In Poland, the pumpkinseed has found favourable conditions for living and reproduction in water bodies artificially heated by thermal power plants. The aim of this study was to determine the annual cycle of gonad development of the pumpkinseed population inhabiting the warm-water canal of the Dolna Odra
power plant (NW Poland), which has not been studied before at this location.
Materials and methods. The pumpkinseed individuals were caught in the heated-water discharge canal of the
Dolna Odra power plant. The average water temperature in the canal was by 6–8ºC higher than that of the river.
The analysis of the annual cycle of gonad development was performed in both sexes using histological methods.
The fish were aged 3+ to 6+. A standard paraffin technique and Heidenhain’s iron hematoxylin staining were used.
Results. In the site surveyed, the spawning season for females lasted from the beginning of May through August,
i.e., was longer than in the native range of this fish species. In one female caught in September, the ovaries contained oocytes in the stage of vitellogenesis. The oocytes in the stage of atresia were found rarely in the fish
caught from April through June. Mature testes in males were found between late April and September, i.e.,
throughout the spawning period of the females. Few male anomalies of the sexual cycle were observed, e.g., in
October, they were found to engage in another cycle of spermatogenesis and spermatozoa production. Moreover,
the presence of large groups of degenerating cells in the seminal tubules was observed throughout the year, but
was particularly evident between September and February.
Conclusion. The results have confirmed the high colonisation abilities of the pumpkinseed. As a consequence of
global warming, the studied canal with post-cooling water may become a starting point of expansion of this species
to other bodies of water. Upon a considerable climate warming, this species could threaten the native species.
Keywords: reproductive cycle, oogenesis, spermatogenesis, post-cooling water

INTRODUCTION
The pumpkinseed, Lepomis gibbosus (Linnaeus,
1758), known also as pumpkinseed sunfish, is native to
eastern and central North America (Tomeček et al. 2007).
Because of its attractive appearance, the species was
introduced to Europe in the 19th century as an ornamental fish for aquaria or park ponds, or a prospective sport
fish (Vooren 1972, Witkowski and Grabowska 2012).
Natural escapes and intentional introduction of the fish into
open waters has resulted in fast spreading of the species

over Europe and a successful colonisation. The pumpkinseed has been already found in at least 28 European countries and in Asia Minor (Coop and Fox 2007). The fish are
found in shallow, weedy, quiet reservoirs, lakes, river
inlets, tributaries, and canals, in cool to moderately warm
waters (Miller 1963, Tomeček et al. 2007). The range of
the species is limited by the water temperature. The optimum temperature for pumpkinseed growth is 20–30ºC
(Mischke and Morris 2002). For reproduction, they need
the critical temperature range of 14–16.5ºC (Burns 1976).
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According to Gutiérrez-Estrada et al. (2000), pumpkinseed tolerates the temperatures as high as 36.6ºC. It has
been determined that the pumpkinseed, similarly to other
centrarchids, upon introduction into new habitats forms
new populations that can differ in the rate of growth, age
of reaching sexual maturity, and the lifespan. These features are related to the development of alternative life-history traits in these populations (Deacon and Keast 1987,
Bertschy and Fox 1999, Villeneuve et al. 2005, Aday et
al. 2006, Dembski et al. 2006, Tomeček et al. 2007,
Cucherousset et al. 2009).
The pumpkinseed, Lepomis gibbosus, was intentionally introduced to Poland in 1927 (Witkowski and
Grabowska 2012). The distribution of the species is limited to isolated locations. It was found in the Oder River
and its tributaries, being particularly abundant in the
lower stretch of the Oder River, below the Dolna Odra
power plant (Heese and Przybyszewski 1985, Witkowski
et al. 2004, Witkowski and Grabowska 2012). Other sites,
less populated by L. gibbosus include isolated lakes, ponds,
and impounding reservoirs (Witkowski 1979, 2002). The
species expansion towards other bodies of water is restricted by lower temperature (Copp and Fox 2007). Similar tendencies have been observed in cooler habitats in England,
where the species does not spread and many of its populations decrease (Lever 1977). In relation to the global
warming, such observation may prove interesting by indicating a possible expansion of the species in the future. In
Europe, the pumpkinseed is treated as an invasive species,
quickly spreading over open waters and demonstrating
a high potential for acquiring new habitats (Witkowski 2002).
The pumpkinseed has found favourable conditions for living in the warm-water canal the Dolna Odra power plant,
and established there a self-sustained population. The
Dolna Odra power plant discharges post-cooling waters to
the warm-water canal where the effective water temperature is by 6–8ºC higher than that of the neighbouring Oder
River. In the warmest months the water temperature
reaches 26–30ºC (Domagała and Kondratowicz 2005,
Domagała and Pilecka-Rapacz 2007). However, no data
on the reproductive potential of the population established
in this new environment have been published. The reproduction cycle of the pumpkinseed populations from other
areas has also been studied only occasionally, usually
without using the most accurate tools available for this
purpose, i.e., histological ones. As yet, only few authors
have studied the reproductive cycle of the pumpkinseed
based on analyses of histological structures (Burns 1976).
Some of these analyses provided limited information (De

Magalhães et al. 2005, Santos et al. 2012). In the majority of studies, the information on the reproductive cycle was
based on the values of gonadosomatic index (GSI) (Fox
and Keast 1991, Danylchuk and Fox 1994, Neophitou and
Giapis 1994, Dembski et al. 2006, Santos et al. 2012) and
concerned mainly females (Fox 1994, Fox and Crivelli
1998, 2001). Other studies were based on the observations
of the morphology of gonads (Deacon and Keast 1987),
changes in gonad weight (Dembski et al. 2006), nesting
(Danylchuk and Fox 1994), or the size distribution of larvae (Vila-Gispert and Moreno-Amich 1998, 2000). The
aim of this study was to determine the annual cycle of
gonad development in the pumpkinseed individuals from
the self-sustained population living in the warm-water
canal discharge canal of the Dolna Odra power plant,
using histological analyses.
MATERIALS AND METHODS
The presently reported study was carried out in the
heated-water discharge canal of the Dolna Odra power
plant, Nowe Czarnowo, near Gryfino, NW Poland
(53°11′N, 14°29′E). Dolna Odra is a thermal power station based on combustion of coal, being the principal
energy source in Poland. The turbines require constant
cooling. The cooling medium is water from the nearby
East Oder River (Odra Wschodnia). The post-cooling
water is discharged into the warm-water canal, which is
some 4 km long. The canal hosts a self-established population of pumpkinseed, Lepomis gibbosus, which we targeted in this study. The pumpkinseed range is limited to
the canal and the fish can only occasionally be found
below the merging point of the canal and the river.
From September 2007 through August 2008 we surveyed pumpkinseed from the canal one- to four times
a month and a total of 196 females and 224 males were
caught (Table 1). The total length (TL) of the fish was
measured to the nearest 0.1 mm, and their body weight
determined to the nearest 0.1 g. Their gonads were dissected and fixed in the Bouin solution. The fish age was
determined based on the analysis of rings on the collected
scales. The fixed gonads were weighed with the accuracy
of 0.1 mg. Two parameters were calculated: the Fulton
condition factor (K) and the gonadosomatic index (GSI)
using the respective formulas:
K = 100Wg · TL–3
and
GSI = 100Wg · Wb–1
where: Wg is the gonad weight [g], Wb is the total fish
weight [g], and TL in the total length of fish [cm].

Table 1
Number of pumpkinseed, Lepomis gibbosus, specimens sampled from September 2007 through August 2008

Sex
Female
Male

Sep

Oct

Nov

Dec

7
16

20
19

16
20

6
66

O

Number of fish per month
Jan
Feb
Mar
Apr
22
20

20
20

25
16

21
18

Total
May

Jun

Jul

Aug

11
17

13
25

27
27

8
20

196
224

Gonad development of Lepomis gibbosus from a heated-water canal
All gonads were studied histologically. Fragments of
0.5 cm were cut out from the middle part of the gonad and
processed using a standard paraffin technique. Five-µmthick sections were regressively stained with Heidenhain’s
iron hematoxylin. The histological slides were analysed
under Nikon Eclipse 80i light microscope. The measurements and photographic documentation were made using
Nikon DS-5Mc-U2 digital camera (5 megapixels) and further processed with NIS Elements 3.20 computer software.
There were three principal reasons for doing histological evaluation of female gonads of Lepomis gibbosus:
• Determining their maturity (the modified 6 degree scale
applied in Domagała et al. (2013);
• Determining the size of oocytes in particular stages of
development and in particular months;
• Identifying the number of degenerating oocytes.
We made the following histological measurements:
• The best developed oocytes from the gonads in the highest stage of development for a given month
(5 females from each site, 30 measurement in one gonad);
• Oocytes from each stage of development from all sites
(10 gonads representing each stage, 30 measurements in
one gonad),
• Oocyte size in vitellogenesis in the stage of vacuolisation,
yolk accumulation and completion of vitellogenesis.
The measurements were made to the nearest of 0.01 mm.
The oocyte diameter was calculated from measurements
of the longest and shortest diameters of the mid cross section of the oocyte (Hunter and Goldberg 1980).
The sexual cycle of males was described using modified 6-stage scale proposed by Sakun and Buckaâ (1963):
• Stage 1: type A spermatogonia occurring in seminal
tubules; small amounts of residual spermatozoa from the
previous cycle can also be found;
• Stage 2: cysts with type B spermatogonia occurring in
seminal tubules; small amounts of residual spermatozoa
from the previous cycle can also be found;
• Stage 3: primary spermatocytes (early stage 3) and consecutive cells of the spermatogenesis (late stage 3)
appearing in seminal tubules; the first spermatozoa can
be found, efferent duct without spermatozoa;
• Stage 4: spawning testis, seminal tubules containing
cysts with cells representing all spermatogenetic stages
(from spermatogonia type B to spermatozoa), efferent
duct filled up with milt;
• Stage 5: gonads with finalized spermatogenesis, seminal
tubules filled with numerous spermatozoa, no younger
spermatogenetic cells were observed (or were observed
sporadically), efferent duct filled up with milt;
• Stage 6: spent gonads, seminal tubules containing small
number of residual spermatozoa, efferent duct may contain spermatozoa;
• Stage 6-1: only type A spermatogonia occurring in
tubule wall;
• Stage 6-2: type A spermatogonia and cysts with type B
spermatogonia of next cycle start forming adjacent to
the tubule wall.
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Statistical analysis. The non-parametric multiple comparison ANOVA Kruskal–Wallis test was used to test significance of differences in length and weight of fish,
Fulton condition factor (K), gonad weight, gonadosomatic index (GSI), oocyte size between the fish samples collected each month. All analyses were performed at significance level of 0.05 using the Statistica® v.10 software.

RESULTS
Principal somatic parameters of female. The age of
pumpkinseed females ranged from 3+ to 5+. The mean
length and weight were 13.0 ± 1.98 cm (mean ± standard
deviation) and 49.7 ± 25.17 g, respectively. All females studied were over 8 cm in length and exceeding 9.70 g in weight.
The Fulton condition factor was 2.1 ± 0.32. There were no
significant differences between the fish caught in different
months (Kruskal–Wallis test, P > 0.05) (Fig. 1A, B) while
Fulton condition factor fluctuated slightly (Fig. 1C). The
weight of gonads, and GSI of the females were the highest from May through August, in the spawning season,
and the values of these parameters differed significantly
from the values obtained in the other months
(Kruskal–Wallis test, P < 0.05) (Fig. 1D, E).
Principal somatic parameters of male. The age of pumpkinseed males ranged from 3+ to 6+. The smallest adult
male was 10.0 cm long. The mean length and weight of the
males studied were 13.5 ± 1.65 cm and 55.0 ± 21.04 g,
respectively. The Fulton condition factor was 2.1 ± 0.31 on
average. The length, weight, and the condition factor of the
fish caught in all months were similar (Kruskal–Wallis
test, P > 0.05) (Fig. 2A, B, C). The weight of gonads and
gonadosomatic index of sexually mature fish revealed
fluctuations corresponding to the reproductive cycle,
which is illustrated in Fig. 2D, E. The highest values of the
two parameters were found from May through September
(mean values varied from 0.45 to 1.11), while the lowest
values were noted from October through March (mean values varied from 0.09 to 0.24) (Fig. 2D, E). The GSI values
in individual males measured throughout the whole reproductive period varied from 0.03 to 2.57.
Reproductive cycle of female. As shown by the histological
analysis of pumpkinseed female gonads, the spawning season
of this species in the post-cooling water discharged from the
power plant lasted from May through August. The females
caught in September had ovaries at the beginning of stage 3.
On the slides of these gonads the majority of oocytes were in
the stage of pre-vitellogenesis or at the beginning of vitellogenesis with a few drops of fat. Some females still had the
degenerating oocytes left unexpelled after the spawning season. One female caught in September had ovaries with
oocytes in the final stage of vitellogenesis (oocyte diameter
300–625 µm) (Fig. 3A). From October to the middle of
February, the gonads were still at stage 3. In the females
caught in this period the contribution of oocytes in early vitellogenesis with oocytes having a small number of fat drops in
cytoplasm was gradually increasing relative to those in previtellogenesis. Starting from the middle of February, yolk
began to accumulate in oocytes (oocyte diameter 217.3 µm)
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of single individuals and in the other females the oocytes
were still at the beginning of vitellogenesis (Fig. 3B). In
March the accumulation of yolk became more intensive,
in particular by the end of March. In April all ovaries in
all females were at stage 4, which means that they were
filled with oocytes at the stage of finalised vitellogenesis
(Fig. 3C). The changes in size of the oocytes at particular
stages of the annual cycle of pumpkinseed are illustrated
in Table 2. In May some females still had gonads at stage
4 that is oocytes with drops of fat and yolk (Fig. 3D). The

other ones had gonads in the final stage of vitellogenesis,
gonads at stage 5, oocytes with accumulated yolk and the
nucleus at the pole. In June, an increased number of
females were finalising vitellogenesis and some females
had already spawned (Fig. 3E). In addition to the oocytes
in the stage of vitellogenesis, all gonads collected in that
month contained oocytes in pre-vitellogenesis that would
mature and be laid in subsequent portions. Ovaries of
pumpkinseed caught in July were in different stages:
• With oocytes only in pre-vitellogenesis;
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Fig. 1. Monthly distribution of female somatic parameters of pumpkinseed, Lepomis gibbosus; A: Total length (TL)
of fish; B: Total weight of fish; C: Fulton condition factor (K); D: Gonad weight (Wg); E: Gonadosomatic index
(GSI); F: Diameter of the most developed oocytes; Values (mean ± standard deviation) marked with different letters shows significant differences between each month parameters (P < 0.05; ANOVA Kruskal–Wallis test)
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• With oocytes at different stages of vitellogenesis—only
with drops of fat;
• With drops of fat and yolk;
• Finalising vitellogenesis;
• Post-spawning gonads.
In August some females had post-spawning oocytes in
stage 6, with atresia of unexpelled oocytes (Fig. 3F), and
with oocytes in pre-vitellogenesis. The other females
caught in August had gonads filled with oocytes at the
beginning of vitellogenesis (drops of fat) and finalising this
process (drops of fat and yolk). The spawning season from
May to August is indicated by the histological image of
oocytes and high values of GSI in these months together
with the largest sizes of the most developed oocytes noted
in this period, 909.0 µm in diameter (Fig. 1F). Fresh

B
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Fish weight [g]

Fish length [cm]

A

oocytes collected from gonads ready for spawning had the
diameters from 884.5 to 1251.5 µm (Table 2). In the fish
caught in all months of the spawning season the ovaries had
maturing oocytes at the stage of pre-vitellogenesis and
vitellogenesis and post-spawning ones. The pre-spawning
gonads contained oocytes that would probably mature and
be laid in subsequent portions in the spawning season. The
presence of oocytes in the final stage of vitellogenesis and
post-spawning ones over the four months of the spawning
season indicates that the spawn is laid in many portions.
Detail analysis of this problem would need more frequent
catchment of females in this season. The course of sexual
cycle in female pumpkinseed expressed by percentage contribution of gonads at different stages of maturity in particular months of the calendar year is presented in Fig. 4.
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Fig. 2. Monthly distribution of male somatic parameters
of pumpkinseed, Lepomis gibbosus: A: Total length
(TL) of fish; B: Total weight of fish; C: Fulton condition factor (K); D: Gonad weight (Wg); E:
Gonadosomatic index (GSI); Values (mean ± standard
deviation) marked with different letters shows significant differences between each month parameters
(P < 0.05; ANOVA Kruskal–Wallis test)
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Fig. 3. Gonad of female pumpkinseed, Lepomis gibbosus; A: Advanced vitellogenesis (arrows), September; B: Beginning
of vitellogenesis, drops yolk (arrows), February; C: Vitellogenesis (arrows), April; D: Vitellogenesis (arrows) May; E:
After spawning (arrows), June; F: Atresia of unexpelled oocytes August; Scale bars [µm]: 100 (A, B, E, F, ), 500 (C)
Sizes of oocytes at different stages of vitellogenesis of pumpkinseed, Lepomis gibbosus,
from the warm-water canal of the Dolna Odra power plant
Stage 1

Stage 2

Oocyte size in respective stages of development
Stage 3
Stage 4

Stage 5

Table 2

Stage 6

82.8 ± 14.22
161.8 ± 33.35
263.8 ± 15.56
456.6 ± 15.56
740.5 ± 51.98
997.3 ± 126.52
56.83–116.06
105.20–235.91
238.25–286.78
288.73–676.86
682.53–909.02
884.52–1251.51
The values [µm] represent mean ± standard deviation, as well as the range; Stage 1 = pre-vitellogenesis (homogeneous cytoplasm); Stage 2 = beginning of vacuolisation; Stage 3 = first occurrence of yolk; Stage 4 = finalization (central position of
nucleus); Stage 5 = fusion of yolk, polar position of nucleus; Stage 6 = spawn.
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Reproductive cycle of male. The male of pumpkinseed
were ready to spawn from late April to September
although under the condition of warm canal the individual
males could restart the production of spermatozoa in next
month. In October, after the spawning season, some males
with tubules containing developing spermatozoa precursory cells (stage 3) or they were in the processes of spermatozoa production (stage 4) were found (30%, Fig. 5A, B).
These gonads had numerous groups of degenerating cells
(Fig. 5A, B). In October, the majority of males had postspawning gonads with different amount of not expelled
spermatozoa and presence of cysts with multiplying type
B spermatogonia containing from 3 to 8 cells in the cyst
cross-section (stage 2, 40%, stage 6–2, 20%) (Fig. 6A). In
November and December, development of B type spermatogonia was observed (stage 2), and in a few tubules
some small amounts of spermatozoa remaining from the
previous cycle were found (stage 6–2). In the same
months, numerous groups of degenerating cells were also
present in the gonads (Fig. 5C). Such groups of degenerating cells were observed throughout the whole year but
with lower intensity. In January, the cytological image of
gonads of all males revealed developing cysts with type B
spermatogonia present in tubules. The cross-section of the
cysts shows 3–12 cells. In about 40% of individuals the
spermatozoa remaining from the previous season were
found. In February, the histological image of gonads was
similar. The number of cysts with type B spermatogonia
was higher, the cross-section of a cyst revealed up to 20
cells (Fig. 6B). In March in about half of the males the
cysts contained primary spermatocytes (stage 3) (Fig. 6C),
the rest of the males were still at stage 2. In single individuals very small numbers of spermatozoa left from the previous season were found moved to the seminal duct. At
the beginning and middle of April, the gonads of all males
were at stage 3 (Fig. 6D). From the end of April to
August, the gonads in all males caught were ready to
spawn achieved stage 4. The gonads were filled with
tubules containing spermatozoa and cysts with all spermatogenetic cells. In the reproductive period, new spermatozoa were formed successively and were moved
towards the seminal duct (Fig. 6E). In September in the
majority of males, the tubules and seminal duct were
filled with spermatozoa. In the tubule wall almost only
type A spermatogonia were found. The tubules did not
contain cysts with spermatozoa precursor cells or their
sporadic amount (stage 5; 60%) (Fig. 6F). Numerous
groups of degenerating cells were often observed. Some
males had post-spawning gonads (stage 6 and 6–2, 20%)
containing small number of spermatozoa (Fig. 6G). Also
in September, some of males (20%) started multiplication
of type A and B spermatogonia, mainly in the apical part
of the tubule (stage 2). The course of sexual cycle in male
pumpkinseed expressed by percentage contribution of
gonads at different stages of maturity in particular months
of the calendar year is presented in Fig. 7.
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Fig. 4. Percentage contribution of gonads of respective
maturity stages among females of pumpkinseed,
Lepomis gibbosus, in consecutive months of the survey carried our in the warm-water canal of the Dolna
Odra power plant

DISCUSSION
The elevated temperature in the canal with the postcooling water from the Dolna Odra power plant modifies
the living conditions making them suitable for thermophilic organisms. The pumpkinseed introduced into
the heated-water canal adapted very well to its parameters
and formed a self-sustained population. The body sizes of
pumpkinseed individuals living in the warm-water canal
(in corresponding age groups) were greater than those of
the fish living in their natural range in North America
(Coop and Fox 2007). Their maximum length was greater
than that reported for the European and Canadian fish and
close to that of the fish caught at some habitats in North
America (Danylchuk and Fox 1996, Gutiérrez-Estrada et
al. 2000, Klaar et al. 2004, Coop et al. 2005). In different
environments, the indigenous North American and the
non-indigenous European pumpkinseed exhibit a high
degree of variation in growth. In the Mirgenbach
Reservoir in France, the fish living in a proximity of
a nuclear power form early-maturing populations
(Dembski et al. 2006). No dwarf forms were observed in
the studied fishes from the warm-water canal of the Dolna
Odra power plant.
Many features of the environment, such as water temperature, pH, and water level, contribute to the commencement of the pumpkinseed spawning season
(Neophitou and Giapis 1994). The course and duration of
spawning of this species depend mainly on the photoperiod and temperature (Miller 1963), with temperature being
the more important factor (Burns 1976). In the natural
range of distribution, the pumpkinseed spawning season
lasts from mid-May until July, and in some reservoirs,
until the beginning of August (Breder 1936, Burns 1976,
Fox 1994; Danylchuk and Fox 1994, 1996). As regards
the European populations, the spawning season in
Slovakia lasted from the end of May until the end of June
(Holčik 1995), in Greece—from the second half of June
until the end of July (Neophitou and Giapis 1994). In the
north east region of Spain, the spawning season of this
species was slightly longer and lasted from mid-May to
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mid-August (Vila-Gispert and Moreno-Amich 1998,
2000), while in the south of Spain, the spawning season
spanned from April to August or early September
(Gutiérrez-Estrada et al. 2000). A long spawning season,
from early spring to August, has been also observed in the
reservoirs with the post-cooling water from the
Mirgenbach power plant in south-east France, in which
the mean annual temperature was by 3.7ºC higher than
that of the water supplied to the power plant (Dembski et

al. 2006). In reservoirs with warm water, the fish mature
earlier (Atkinson 1994, Dembski et al. 2006, Zięba et
al. 2010). In our studies of the pumpkinseed living in the
canal with the post-cooling water from the Dolna Odra
power plant, the elevated temperature also caused an earlier start of the spawning season. It lasted from the beginning of May through August, and in one female, mature
oocytes with finalised vitellogenesis were found even in
September.

Fig. 5. Gonad of male pumpkinseed, Lepomis gibbosus; A: Stage 4 after spawning season; spermatozoa in tubule
lumen, near tubule wall some cysts with cells representing all stages of spermatogenesis series; groups of degenerating cells visible (arrowhead), October; B: Stage 3; tubule with large group of degenerating cells (arrowhead);
C: Stage 2; numerous small groups of degenerating cells (arrowhead) among spermatogonia; Scale bars 100 µm

Gonad development of Lepomis gibbosus from a heated-water canal
The gonad weight and GSI of the fish revealed fluctuations corresponding to the reproductive cycle. The studied
females were characterised by a high GSI from May to
August, i.e., during the spawning season, similarly as in the
fish from the south of France (Crivelli and Mestre 1988).
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In the fish from the Guadiato River (south Spain) (GutiérrezEstrada et al. 2000) and North America (Burns 1976),
the pumpkinseed reached the highest GSI at the beginning
of the spawning season, in April (Gutiérrez-Estrada et
al. 2000) and July (Burns 1976). The females charac-

Fig. 6. Male gonad of pumpkinseed, Lepomis gibbosus; A: Early stage 2; tubules with few cysts containing type B
spermatogonia (arrow); B: Stage 2; numerous cysts with type B spermatogonia (arrow); C: Early stage 3; tubules
with numerous cysts containing primary spermatocytes (arrow); D: Late stage 3; numerous cysts with cell from
spermatogonia B to spermatid (arrow); E: Ripe, stage 4; all cells of spermatogenesis present; spermatozoa in
tubule lumen (arrow); F: Ripe, stage 5; tubules filled with spermatozoa; tubule wall containing only type A spermatogonia; G: Spent, stage 6–2; shrunken tubules filled with unexpelled spermatozoa; Tubule wall containing type
A spermatogonia and cysts with type B spermatogonia (arrow); Scale bars [µm]: 10 (A inset, B, C), 20 (D and
insets of E, F, G), 100 (E, F, G)
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terised by GSI < 2 in the late spring were probably immature prior to the end of the spawning season (Dembski et
al. 2006). The highest GSI in the analysed females from
the warm-water canal was 12.7, while, in the fish studied
by (Burns 1976) it amounted to 10. In the fish from
England it was close to 7 (Coop and Fox 2007), in
Greece—close to 11 (Neophitou and Giapis 1994), and in
the fish from the South of Spain, it was 15 (GutiérrezEstrada et al. 2000). In males, the lowest GSI values were
noted from October to March (variation range between
0.09 and 0.21). The highest values of both gonad weight
and GSI were observed from May to September; the GSI
values varied from 0.5 to 1.1, with the maximum individual value of 2.6. A similar annual distribution of gonad
weight in males was reported by Dembski et al. (2006) for
the fish living in a reservoir adjacent to a nuclear power
plant in France. In Greece (Neophitou and Giapis 1994)
and North America (Burns 1976), the high values of GSI
for the same species were noted for a one-month shorter
period. The mean GSI values in the spawning and postspawning seasons, similar to those obtained in the population we studied were reported by Neophitou and Giapis
(1994) for a population in Greece, and by Burns (1976)
for a population in North America. Dembski et al. (2006),
who studied the population living in a reservoir adjacent
to a nuclear power plant in France, reported the highest
GSI values for males of the species, reaching 16, but these
were precocious males that suffered from high mortality
rates just after their first reproduction. When the GSI values obtained for both sexes were compared during the
year, it was observed that in males, higher GSI values are
obtained early and then maintained for a period of time
longer than in females (Neophitou and Giapis 1994).
The pumpkinseed roe is laid in three or more portions,
every 20–30 days (Deacon and Keast 1987, Kestemont
and Philippart 1991). Few authors have been interested in
the observation of morphology and the size of oocytes
throughout the full development cycle. These authors also
used different criteria for assessing the maturity of
oocytes (Bagenal 1978, Kestemont and Philipart 1991).
The measurements of oocytes and the data analyzed by
other authors are given in Table 3. The sizes of the previtellogenic oocytes and mature oocytes measured in the
fish we studied and those reported by Burns (1976) were
much smaller than the size of the oocytes in the pumpkinseed from Spain (Vila-Gispert et al. 2000). In our studies,

Frequency [%]

Domagała et al.
100
90
80
70
60
50
40
30
20
10
0

Sep Oct Nov Dec Jan Feb Mar Apri May Jun Jul Aug
Month
stage 2

stage 3

stage 4

stage 5

Jan

Feb

Mar
Apr
VLY Ø 270
FV Ø 260
AV Ø 350

stage 6–2

Fig. 7. Percentage contribution of gonads of respective
maturity stages among males of pumpkinseed,
Lepomis gibbosus, in consecutive months of the survey carried our in the warm-water canal of the Dolna
Odra power plant

the oocytes at the stage of atresia present in the gonads
were very few and were found in the fish caught between
April and June. Such oocytes in the fish of the same
species, but from southern Spain, were observed in
September (Gutiérrez-Estrada et al. 2000).
Mature testes in males were found between the end of
April and September, i.e., over a period much longer than
that in which they occur in males from the natural habitat
of the species and a month longer than that in which
females are ready to spawn in the studied reservoir.
According to Burns (1976), in the pumpkinseed from the
natural range, multiplication of type B spermatogonia
takes place between September and the beginning of May.
In the pumpkinseed from the Dolna Odra power plant
warm-water canal, the multiplication of type B spermatogonia also started in September (some males still had
spawning gonads and some had spent gonads), but the primary spermatocytes (March) and the first spermatozoa
(April) appeared earlier than in North America (Burns
1976). In the males from the population living in the canal
with post-cooling water, the spawning gonads were
observed for 5 months. In the fish of the studied species
living in the natural range, the lobules were collapsed
a month earlier (in late August) (Burns 1976). The spermatozoa remaining from the previous cycle do not interfere with the beginning of a new cycle. The subsequent
reproductive cycles overlap and stage 1 is absent in adult
males. In the pumpkinseed males living in the canal with
the post-cooling water from the Dolna Odra power plant,

The appearance and size of oocytes of pumpkinseed, Lepomis gibbosus,
in respective months in different study areas

B
D

stage 6–1

Month
May
Jun
Jul
Aug
Sep
AV Ø 350
MAX SIZE
MAX SIZE Ø 909

Oct

Table 3

Nov
Dec
VLY Ø 270
FV Ø 240

B = Burns (1979), D = Domagała et al. (this study); VLY = very little yolk, AV = active vitellogenesis, MAX SIZE =
oocytes reach a maximum size; FV = fat vacuoles.

Gonad development of Lepomis gibbosus from a heated-water canal
a renewal in the cycle of gonad development has been
observed. In a few males in October, the cycle of gonad
maturation and spermatozoa production was observed to
restart. Simultaneously, large groups of degenerating cells
were noted. Most probably the water temperature variation
caused by the discharges of warm water from the power
plant have initiated active spermatogenesis. Particularly
numerous groups of degenerating cells were observed
between September and February. These cells are supposed
to have started maturation in the post-spawning season,
stimulated by a short-time increase in the water temperature,
and then to stop developing after the temperature decreased.
The presently reported study revealed the high reproductive potential of the pumpkinseed population established in the warm-water canal of the Dolna Odra power
plant. The four-month long spawning season, small number of degenerating oocytes, fast regeneration of gonads
after spawning, and good condition of the studied fish have
confirmed that the canal provides very good living conditions for the species. The effect of the warm water discharged by the power plant decreases with the distance
from the heat source. The pumpkinseed can be found predominantly in the warm-water canal and very few fish
migrate below the merging point of the canal and the river.
The predicted climatic changes leading to increased temperatures in the early spring and high temperatures in the
summer (van Kleef et al. 2008) can change the situation
and contribute to the spreading of this species. When
occurring in greater numbers, the pumpkinseed may
become a serious predator for fry of native fish species,
including the economically important fish species
(Welcomme 1988, Witkowski 1989). High abundance of
the pumpkinseed can also lead to a decrease in the population of amphibians (Bosman 2003) and significantly
decrease the amount of water invertebrates (van Kleef et
al. 2008). According to Coop and Fox (2007), the spreading of this species depends on the age structure and size
structure of its populations, properties of the catchment
area (connections between the basins), human activity and
temperature of the water in which the fish live. The efforts
hitherto attempted to restrict the population of the pumpkinseed by reducing the depth of the basins inhabited by
the fish have not been effective. It seems that currently not
much can be done to limit the pumpkinseed population but
it is desirable to continue the monitoring in the habitats
where it occurs to control its further expansion.
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