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1. Introduction

One of the sites of natural occurrence of the pumpkinseed (Lepo-
mis gibbosus, Linnaeus, 1758) are the waters of eastern North America in
which it has been present since the Miocene (Scott & Crossman 1973). In
the 19th century, the species was imported to Europe as a sport and or-
namental species (Groot 1985) and there it made its way to the natural
environments (Copp & Fox 2007, Welcomme 1992). Currently, the
pumpkinseed populations are present in the waters of Central and West-
ern Europe (Groot 1985, Welcomme 1992), reaching the Iberian Peninsu-
la (Sostoa et al. 1987) and the Black Sea in the south (Economidis et al.
1981). Even though the species is widespread in Europe, its populations
occur in spots and are limited only to waters offering environmental con-
ditions favourable for this species. However, an increase in the pumpkin-
seed population in these areas can lead to adverse changes in biocenoses
and a progressive elimination of indigenous species (Almeida et al. 2014,
Godinho 2004). Therefore, multiple studies of populations of the species
inhabiting Western and Southern Europe were conducted in the last dec-
ades (Crivelli & Mestre 1988, Fox & Crivelli 2001, Papadopol & Ignat
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1967, Tandon 1977a,b, Uzunova et al. 2008, Zieba et al. 2015). The ob-
tained results indicated large differences between the European popula-
tions of this species, probably because of the large variability of the envi-
ronments in which the fish occur. However, little information of the pop-
ulations inhabiting Northern and Eastern Europe is available (Copp et al.
2002). Also in Poland, although the species was observed for the first
time in 1927 (Grabowska et al. 2010), apart from the report by Heese &
Przybyszewski (Heese & Przybyszewski 1985) and a valuable study of
the pumpkinseed reproduction (Domagata et al. 2014), there are no scien-
tific publications regarding the population structure and the growth rate
of the only Polish population of the pumpkinseed inhabiting the heated
waters of the lower Oder River.

In view of the above, it seems necessary to identify and update the
data on the population structure, condition and growth rate of the pump-
kinseed in a heated-water discharge canal of a power plant in the lower
stretch of the Oder river and compare this data with that from other re-
gions of Europe. The obtained results will also be useful for assessing the
results of studies of the potential impact of the species on the native spe-
cies of fish and aquatic invertebrates.

2. Material and methods

The research material included 1077 pumpkinseed individuals
caught during monthly catches (electrofishing) in the waters of the lower
Oder River between 2010 and 2013. The site of the catch were the waters
of the Warm Canal that cool the generators of the Dolna Odra power
plant near Gryfino (Northwestern Poland) (Figure 1), characterized by an
increased temperature compared to natural waters (Domagata & Kondra-
towicz 2006, Domagata & Pilecka-Rapacz 2007).

After the catch, all fish were measured with 0.1 mm accuracy us-
ing a Helios electronic calliper connected to a PC, and then weighed with
0.1 g accuracy using an Axis 2000 scale. The length-weight relationship
was estimated using the equation: W = a L °, where W is total weight (g),
L is total length (cm), a is intercept, and b is slope (Ricker 1975). Fish
condition, age, as well as growth rate in body length and mass were also
assessed. Fish condition was determined using Fulton (K = 100-W-L3,
where W — individual weight in grams, L — total length in mm) and Le
Cren (C = 100-W-L™, where W — individual weight in grams, L — total
length in mm, n — the allometry coefficient related to the form of the in-
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dividuals’ growth, calculated from the length-weight relationship) formu-
las (Bolger & Connolly 1989, Ritterbusch-Nauwerck 1995). Fulton for-
mula is the most popular in literature to determine the condition of fish,
but when fish increase less in weight than predicted by increase in length
or vice versa (3 < n < 3) we should use the Le Cren formula (Ricker
1975). Fish age and growth rate in body length and mass were deter-
mined based on the assessment of scales. Scales were collected in ac-
cordance with the methodology specified by Uzunova et al. (Uzunova et
al. 2008), under the dorsal fin, cleaned of the remaining mucus in an
aqueous solution of ammonia, and used for the preparation of specimens.
The age was determined from the number of annual rings seen on a Zeiss
Stereo Discovery V12 microscope at various magnifications. Every read-
ing of fish age was repeated using 3-4 scales per fish. Annual rings on
scales were measured using a computer with special image analysis soft-
ware “MultiScan” (with 0.001 mm accuracy).
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Fig. 1. Location of the pumpkinseed catch site
Rys. 1. Lokalizacja miejsc potowu bassa stonecznego
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In view of the linear R-L correlation, reverse readings were per-
formed in the Dahl-Lea variant, as proposed by Heese (Heese 1992).
Thus obtained empirical data was used according to Chen et al. (Chen et
al. 1992) to present the theoretical increase in fish length using von Ber-
talanffy formula (Chen et al. 1992, Ricker 1975).

Moreover, the structure of age, size and change in the condition
of the pumpkinseed was assessed in each month of the year.

In addition to the tests involving fish, the physico-chemical char-
acteristics of water (oxygen content, temperature and pH) were deter-
mined using a CX-410 multimeter and appropriate electrodes. Organic
matter content was measured by determining 5-day Biochemical Oxygen
Demand (using the direct method). Nitrogen and phosphorus compounds
were determined using a Hach DR-890 photometer. The measurements
were made once a month for the entire period of the study. The obtained
measurement results were processed using statistical methods (in Mi-
crosoft Excel and Statistica 6.0 software) to calculate arithmetic means
(x) and standard deviation (SD). Before the hypothesis of equal means
was verified, the normality of distribution of the analysed characteristic
was assessed (using the Shapiro-Wilk test and Levene's test of homoge-
neity of variance). The significance of differences was determined using
Scheffe's test (P < 0.05) and analysis of variance (for multiple samples)
(Stanisz 1998). To study correlations between variables, regression anal-
ysis was used. The degree of match between function and empirical data
was determined by calculating coefficients of correlation (R) and deter-
mination (R?). The significance of correlation coefficient was established
using t-test (Sokal & Rohlf 1995).

3. Results

The pH of water in the Warm Canal in the study period was slight-
ly alkaline. Its mean value ranged from 7.5 to 8.6. In most months, it was
generally below 8. However, in extreme cases, it reached 9.8. The aver-
age BOD5 was 3.6-4.3 mg Oz dm™. The usual range was 3.5-4.5. The
content of dissolved oxygen ranged from 289 to 360 mg O, dm. Nitro-
gen and phosphorus compounds occurred at quantities typical of these
waters. The mean content of total nitrogen was 3.6 mg N dm=. Total
phosphorus was 0.22 mg P dm . Conductivity was in the range of 590-
630 uS cm™. The examined waters were characterized by an elevated
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trophic level, which was reflected in the significant variability of oxygen
content, as well as in the concentrations of biogenic compounds and or-
ganic matter. However, these parameters were no different from the envi-
ronmental conditions of the Oder River. The mean oxygen content in the
Warm Canal is 7.9 mg O, dm™, while in the Oder River it was usually
higher, within the range of 8.2-8.8 mg O, dm=. The only parameter dis-
tinguishing the waters of the Warm Canal from the freely flowing waters
of the lower Oder River was water temperature. In the Warm Canal, wa-
ter temperature depends on anthropogenic factors, mainly on specific
energy demand. It may vary significantly throughout the day. The highest
temperatures were recorded in the summer, while the lowest were rec-
orded in the winter, from November to March. The mean monthly water
temperature in the Warm Canal ranged from 11.7°C in January to 29.4°C
in July. These temperatures were usually higher than those of the natural-
ly flowing waters of the lower Oder River by 7-8°C throughout the year.
The greatest difference between water temperature in the Warm Canal
and in natural waters was observed in the winter. In extreme cases, it
exceeded 10°C (December to February).

The total number of the pumpkinseed individuals caught was
1077, among which the most individuals were caught from April to Oc-
tober (Table 1). Fish caught in November were characterized by the
greatest length (TL and SL) and body mass per individual. The highest
condition value was reached by the fish caught in November (K = 2.10),
when water temperature was still above 13°C. It should be noted that this
mean water temperature in the Warm Canal refers to daily measurements,
and the changes in water temperature over the day in the winter period
are high, reaching a few degrees Celsius. This is associated with an in-
creased demand of electricity in the evening. Therefore, water tempera-
tures in certain periods of the day in the winter may be higher than 13°C,
and the fish can grow, as can be concluded from the data in Table 1. Per-
haps this is a reflection of their high capacity of adapting to high temper-
ature fluctuations over the day.

Moreover, high condition values were also established in the fish
caught in the summer (May to August) (K > 2.0), and Le Cren coefficient
(C) reached the highest values in the fish caught between June and Au-
gust. On the one hand, this may be due to the optimum temperature for
feeding, and on the other hand, due to the reproductive season and filling
of the body cavity with developed gonads.
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Table 1. Seasonal variability in basic biological characteristics of the
pumpkinseed inhabiting the waters of the Warm Canal of the lower Oder River
in 2010-2013

Tabela 1. Sezonowa zmienno$¢ podstawowych cech biologicznych bassa
stonecznego wystepujacego w Kanale Cieptym dolnej Odry w latach 2010-2013

Month n* L. SL Weight Fun?:ri]e%(:em- cé_:flfi:crieennt
(cm)+SD  (cm) £SD (2) £SD (K) +SD (C)=SD

January 45 12.42+£1.71 10.34+1.48 38.65+15.10 1.89+£0.17 1.08 +0.09
February 65 12.25+3.14 1028 £2.74 42.77 £24.95 1.92 +£0.21 1.10+0.11
March 64 1226 £2.59 10.22+2.26 41.64+21.09 1.97+0.23 1.13+0.11
April 102 11.58+3.53 9.64+3.02 40.18+30.04 1.94+0.25 1.13+0.11
May 103 12.10+£3.19 10.07+274 4440+2698 2.00+0.28 1.15+0.11
June 124 11.83+£2.57 9.78+224 40.08+2625 2.05+0.28 1.18+0.15
July 198 11.11+3.85 922+329 3933+2999 2.06+028 122+0.13
August 122 10.82 £3.37 9.03+2.92 3391 +£24.22 2.00+£0.27 1.18 £0.13
September 69 11.46+£232 9.50+2.01 32.98+18.59 1.91+£0.22 1.11+£0.12
October 121 11.4842.78 9.46+2.40 35.81+20.68 1.98+0.30 1.15+0.16
November 54 13.77£1.65 11.53+148 5640+17.33 2.10+0.21 1.17 +£0.13
December 10 1237 £1.53 10.31+1.39 40.74 £16.95 2.03+0.25 1.15+0.13

* Among the 1077 individuals, 310 were caught in 2010, 272 in 2011, 241 in
2012, and 254 in 2013

In the sex structure of the population, males prevailed over fe-
males, constituting 57.38% and 33.43%, respectively, while individuals
of unspecified sex constituted 9.19% (including 3.9% of juvenile indi-
viduals). The high number of males among the caught fish is due to the
fact that males guard nests and dwell at smaller depths, closer to the
shore, while females remain at greater depths, which makes them more
difficult to catch using an electric pulse device.

As for the age structure of the fish, it was found that most individ-
uals were in the 3+ and 4+ age groups, constituting a total of 58.31% of
all fish (Table 2). The least represented age group was 5+ (2.60%). The
mean body mass per individual was 41.65 g (SD = 24.81), with a total
length of 11.98 cm (SD = 2.97). Slight differences in the mean body
mass and total length between males and females were found. However,
no statistically significant differences in these parameters were observed
between juvenile and adult individuals (Table 2).
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Table 2. The structure of sex, age and total length (T.L., cm), as well as body
mass per individual (g) of the pumpkinseed inhabiting the waters of the Warm
Canal of the lower Oder River

Tabela 2. Struktura ptci, wieku, dtugosci catkowitej (TL., cm) i masy jedno-
stkowej (g) bassa stonecznego wystepujacego w Kanale Cieptym dolnej Odry

Age T.L. Weight
n 0+ 1+ 2+ 3+ 4+ 5+ (cm)£SD (g)xSD
Male 618 23 48 110 267 150 20 12.54+2.45 45.08+22.92
Female 360 31 50 60 153 58 8 11.85+2.85 40.38+25.28
Unspecified sex
and juvenileindi- 99 42 57 - - - —  4.83+0.32 2.02+0.45
viduals
Total 1077 153 97 171 420 208 28 11.98+2.97 41.65+24.81
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Fig. 2. Correlation between the total length and body mass per individual of the
pumpkinseed inhabiting the Warm Canal by sexes.

Rys 2. Zalezno$¢ pomigdzy dtugoscig catkowitg a masg jednostkowa samic

i samcow bassa stonecznego z wod kanatu cieplego

The correlation between the total length and body mass per indi-
vidual of the pumpkinseed inhabiting the Warm Canal of the lower Oder
River is characterized by the following formula: W = 0.0115 L 32248 with
R? = 0.9847, and no statistically significant differences between the
growth rate of males and females were observed (Figure 2). The above
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formulas and the statistically significant values of determination coeffi-
cients R? ranging between 0.9832 and 0.9843 (at P < 0.05) indicate
a good match between the data points and the regression line.

Regression analysis demonstrated that the values of regression
line coefficient (a) in the males and females of the pumpkinseed differ
significantly from 1, which indicates an allometric correlation between
the body mass per individual of these fish and their body length.
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The mean value of Fulton's factor (K) for the pumpkinseed inhab-
iting the Warm Canal of the lower Oder River was 2.012 (SD = 0.26),
and did not differ in a statistically significant manner (with P > 0.05)
between males and females (2.02 £+ 0.24 and 2.02 + 0.28, respectively).
However, it was significantly lower for juvenile individuals (1.76 +
0.14). The value of this parameter increases proportionally with fish body
length and age (Figure 3), which is caused by the allometric increase in
the body mass of the fish in relation to their body length and age. Also in
the case of Le Cren coefficient (C), no statistically significant differences
were found between individuals of different sexes: the value of this pa-
rameter was 1.15 for females and 1.14 for males (mean C = 1.16 + 0.13).
This value is more reliable than Fulton coefficient in the assessment of
condition among populations with different fish body length and age,
since it does not change along with the increase in body length and age.

Table 3 shows the growth rate in standard length (SL) of the in-
vestigated pumpkinseed individuals in each year of life, as determined by
reverse readings. Statistical analysis revealed no statistically significant
differences between the growth rate of males and females (ANOVA, P <
0.05). Therefore, a more detailed analysis was performed in each age
group, involving all fish regardless of their sex. In the analysis, growth
rates that were lower in a statistically significant manner were observed
in the first year of life in age group Il (ANOVA, P < 0.05). In the other
age groups, the annual increments in body length did not differ in
a statistically significant manner.

In the investigated fish, the nature of the growth rates was typical
of fast-growing, short-lived species. The highest growth rate was ob-
tained by the pumpkinseed in the first year of life (5.87 cm). In subse-
quent years, the increments were nearly 3 times lower (ranging between
2.93 and 2.17 cm).

Interesting was the large range of growth rate variations in each
year of life of the pumpkinseed, expressed as standard deviation (SD).
Probably, the variability of the body length of these fish, particularly in
the first year of life, was due to their long spawning period in the waters
of the Warm Canal of the lower Oder River, in which the differences in
the pumpkinseed hatching period may even reach a few months. This
phenomenon was maintained in the following years of life, as indicated
by the high values of standard deviation.
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Table 3. Increase in the standard length (SL) of the pumpkinseed inhabiting the
Warm Canal of the lower Oder River

Tabela 3. Wzrost dtugosci ciata (SL) bassa stonecznego wystepujacego

w Kanale Cieptym dolnej Odry

Standard length (cm) £SD in individual years of life

L1 L2 L3 L4 L5
Sex

Male 5.812£0.76  8.80%+0.61 10.942t0,67 12.972:0.64 15.35
a+(0.58

Female 5.90+0.74  8.63%0.67 10.962t0.83 13.212:0.69 15.43
240,59

Age groups
I 5.922+0.93

I 5.71°£0.75  8.65%+0.66
I 5.86%+0.58 8.74%+0.54  10.9%+0.73

v 5.93%£0.68 8.78%+0.77  10.96%0.77 13.12%£0.73

\% 5.97%£0.75 8.81%+0.54 10.97%:0.47 13.21%+0.44 15.41+0.58

Mean 5.87£0.75  8.79+0.65 10.96+0.75  13.21+0.67 15.41+0.58

Increment 5.87 2.92 2.17 2.25 2.20
Mathematical growth model according von Bertalanffy

Theoretical  5.24 8.69 11.25 13.15 14.56

length

Values marked with the same latter superscript in the same column indicates
a lack of statistically significant differences among age groups studied
(ANOVA, P < 0.05)

Due to the lack of statistically significant differences in the body
length between males and females in each year, the parameters for von
Bertalanffy formula were based on empirical data. According to this
model, the asymptotic length L.. for the investigated population of the
pumpkinseed was 18.63 cm, while the t, and K values were — 0.11 and
0.2979, respectively. The equation for the investigated fish is as follows:

SL (t) =18.63 * [1 —exp (-0.2979 * (t + 0.11))]

4. Discussion

In the population of the pumpkinseed inhabiting the waters of the
Warm Canal, fish of the 3+ and 4+ age groups prevailed (58.31% of all
fish). The oldest age group, estimated at 5+, constituted only 2.60%. The
age structure and maximum age differ from those of other European pop-
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ulations of this species, which may be caused by a various degree of ad-
aptation of the fish to new environmental conditions. As reported by
Gutierrez-Estrada et al. (Gutierrez-Estrada et al. 2000) for the waters of
Spain, Villeneuve et al. (Villeneuve et al. 2005) for the waters of Eng-
land, Uzunova et al. (Uzunova et al. 2008) for the waters of Bulgaria,
Konecna et al. (Konecna et al. 2015) for the waters of Czech Republic
individuals of the younger age groups (1+ and 2+) prevailed among the
caught fish, with the maximum age reported for the European popula-
tions being 8 years, and in the case of the waters of natural occurrence of
this species, even 10 years (Copp et al. 2004). Due to the prevalence of
the younger groups in the European populations, also the mean and max-
imum body lengths (Loo) are much smaller compared to the values ob-
tained by the fish in the American waters. For example, as reported by
Copp et al. (Copp et al. 2004), the maximum theoretical body length for
the European populations is 12.81 cm, while that in the waters of natural
occurrence is 16.86 cm, although in certain water bodies in the USA it
exceeded 20.0 cm (Carlander 1977, Parker 1958). The data collected
from the population inhabiting the Warm Canal of the Dolna Odra power
plant differs from the above mentioned data from other European popula-
tions, with its Loo estimated at 18.63 cm, mean body mass per individual
of 41.65 g (SD = 24.81), and mean total length of 11.98 cm (SD = 2.97).
Also the growth rate in this water body is higher than that observed in
other European waters, and is similar to that of the native populations
(Carlander 1977, Copp et al. 2004). Probably due to higher temperature
compare to natural waters in this area, and large food supplies (Domagata
& Kondratowicz 2006, Domagata & Pilecka-Rapacz 2007). According to
the report by Copp et al. (Copp et al. 2004), the mean body length ob-
tained in each year of life of this species in the natural European waters is
approx. 30% lower than in the native populations, and in the heated-
water discharge canal of a power plant in the lower stretch of the Oder
river. MacArthur & Wilson (Macarthur & Wilson 1967) and Klaar et al.
(Klaar et al. 2004) concluded that this phenomenon is caused by the
higher density of fish population and competition in the colonization of
new environmental niches, as well as trophic competition (territorialism).
Holtan (Holtan 1998) explained the different growth of this fish also pro-
vides water quality, and presence of other fish (predatory fish). The
aforementioned explanations for the smaller size of acclimatised Europe-
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an pumpkinseed populations seems more plausible than that proposed by
Crivelli & Mestre (Crivelli & Mestre 1988), who indicated that the rea-
son for the slower growth of the European populations may be the fact
that the pumpkinseed was introduced in Europe to be kept in aquariums,
thus the individuals selected for transport were probably the smallest
ones with the slowest growth.

Currently, there is no doubt that in natural conditions, the growth
of the pumpkinseed is also affected by water body location (geographical
latitude) (Copp & Fox 2007, Copp et al. 2002, Copp et al. 2004) which
determines water temperature, as well as the length of the period of in-
tensive feeding. A study by Fox & Crivelli (Fox & Crivelli 2001) demon-
strated that the growth rate of fish of the Centrarchidae family is higher
in waters of higher temperature. The optimum water temperature for this
species is 21-32°C (Holtan 1998, Wang 1996), while below 13°C, the
fish cease to grow (Wismer & Christie 1987). Therefore, in the waters of
Northern and Central Europe, the period of intensive feeding is usually
shorter than in the water bodies located in Southern Europe. However, in
the waters of the Warm Canal of the lower Oder River, the temperature
conditions are optimal for growth from May to September, with the tem-
perature remaining above 13°C for 10 months (Domagata & Pilecka-
Rapacz 2007), and even in December and January, water temperature
may exceed this value with daily fluctuations. Sadowski (Sadowski
2013) confirmed that the oxygen level in the Warm Canal depended on
its content in the natural waters of the Regalica River. With the mean
content of 7-8 mg O2 dm™ in the summer, the difference in oxygen con-
tent between consumed and discharged water was, in principle, small and
did not exceed 0.2-0.3 mg Oz dm. Only in the periods in which the wa-
ter level in the Regalica River decreased, oxygen content in the water of
the Warm Canal decreased as well (Sadowski 2013). Other chemical pa-
rameters of water and sediment at the bottom of the Oder (Gosinska &
Siepak 2007) does not adversely affect the growth of this species. The
confirmation of conditions favourable for the growth of this species in
the waters of the Warm Canal of the lower Oder River is the high growth
rate, similar to that obtained by the fast-growing American populations
(Carlander 1977), and achieving an asymptotic length (Loo) greatly ex-
ceeding the mean value of this parameter established in other European
populations (Copp et al. 2002, Tandon 1977a). It should be noted that the
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Loo value for the pumpkinseed individuals originating from the investi-
gated waters is slightly higher compared to the length established in the
populations from the waters of natural occurrence (Copp et al. 2004).

The pumpkinseed is one of the short-lived species with a typical
high growth rate in the first years of life (Carlander 1977, Copp et al.
2002). However, in contrast to the pumpkinseed from other non-
indigenous European populations, the fish from the Warm Canal of the
lower Oder River demonstrate increments in body length in the subse-
quent years of life at 2.17-2.93 cm per year. This could indicate a good
adaptation of the fish to specific environmental conditions, in which
a temperature optimal for growth and abundance of nutrients are main-
tained for most of the year, and constitute determinants for the fast
growth of the fish. The successful, although not deliberate introduction of
the species by humans, and adaptation of the fish to the new environmen-
tal conditions are also indicated by the high density of the population,
good condition of the fish, and age structure with a clear prevalence of
the younger age groups (3+ and 4+). It should also be emphasized that
the increased water temperature in the Warm Canal does not cause
a significant increase in the temperature of the Oder River, and therefore
only single individuals of this species are found in natural waters. In light
of the above, it appears that further expansion of the pumpkinseed into
the waters of the Oder River may only be incidental, however, it should
be regularly monitored.

In conclusion, this study indicate that condition, the growth rate
and the maximum theoretical body length of pumpkinseed population
from a heated-water discharge canal of a power plant in the lower stretch
of the Oder river (Poland) is higher than other European populations and
similar to that obtained by the fast-growing American populations. This
phenomenon is due to higher water temperature compared to the natural
surface waters which determines the length of the period of intensive
feeding. Rapid growth provides many advantages for pumpkinseed in-
cluding decreased vulnerability to predators, increased overwinter sur-
vival, size advantages over both inter- and intraspecific competitors, and
rapid passage through competitive size classes. Among the caught fish in
heated waters, males represented 70.07% and females represented
29.93%. As regards the age structure, most individuals belonged to the
groups aged 3+ and 4+, which together constituted 58.31% of the fish,
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and compared to other populations of European waters were recorded
individuals in older age groups. This is probably the result of a small
amount of enemies of pumpkinseed in a heated-water discharge canal of
a power plant in the lower stretch of the Oder river.
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Tempo wzrostu, wiek i struktura populacji nierodzimego
bassa slonecznego, Lepomis gibbosus (L., 1758) z wod
pochlodniczych dolnej Odry, Polska

Streszczenie

Bass stoneczny jest gatunkiem obcym w wodach Europy, a wystepo-
wanie populacji jest punktowe i ograniczone tylko do wod o korzystnych warun-
kach $rodowiskowych dla tego gatunku. W Polsce rozsiedlony jest w wodach
kanatu cieptego elektrowni Dolna Odra, o termice wody znacznie wyzszej niz
w wodach naturalnych. W latach 2010-2013, przy pomocy elektrycznego urza-
dzenia impulsowego, do badan ztowiono 1077 basséw stonecznych, ktére podda-
no badaniom populacyjnym okreslajac struktury plei, dtugosci i wieku oraz bio-
logicznych, oceniajac tempo wzrostu dtugosci i kondycje ryb. Ponadto wskazano
sezonowe zmiany tych parametrow w cyklu rocznym. W strukturze ptci domino-
waly samce, stanowigce 57,38%, samice stanowily 33,43%, natomiast osobniki
Z nieoznaczong pleig 9,19%, w tym osobniki juwenilne 3,9 %. Srednia dhugosé
catkowita (TL) ztowionych ryb wyniosta 162,62 mm, przy $redniej masie jed-
nostkowej 83,21 g. Wséréd ztowionych ryb dominowaly samce stanowigce
70,07% ryb, samice stanowity 29,93%, W strukturze wieku ryb najwigcej osobni-
kow stwierdzono w grupach wieku 3+ i 4+, ktore stanowily tacznie 58,31% ryb.
Srednia masa jednostkowa ztowionych basséw wyniosta 41,65 g (SD = 24,81),
przy dtugosci catkowitej 11,98 cm (SD = 2,97). Najwigksze roczne przyrosty
dhugo$ci u badanych ryb zanotowano w pierwszym roku zycia (5,87cm), podczas
gdy w kolejnych przyrosty byly blisko 3 krotnie nizsze. Tempo wzrostu dlugosci
basséw stonecznych byto zdecydowanie wyzsze w poréwnaniu do populacji za-
mieszkujacych inne wody Europy i zblizone do szybkorosnacych populacji wy-
stepujacych w naturalnym zasiggu wystepowania. Prawdopodobnie czynnikiem
warunkujacym szybki wzrost basséw z wod kanatu cieplego jest woda o podwyz-
szonej termice w stosunku do wod naturalnych.
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Abstract

In 2010-2013, 1077 pumpkinseed individuals were caught using an
electric pulse device and subjected to population studies aimed to determine
their sex, length and age structure, as well as biological studies assessing fish
growth rate and condition. Moreover, an annual cycle of seasonal changes in
these parameters was demonstrated. In the sex structure of the population, males
prevailed over females, constituting 57.38% and 33.43%, respectively, while
individuals of unspecified sex were 9.19% (including 3.9% of juvenile individ-
uals). The mean total length (TL) of the caught fish was 162.62 mm, with the
mean weight per individual of 83.21 g. Among the caught fish, males represent-
ed 70.07% and females represented 29.93%. As regards the age structure, most
individuals belonged to the groups aged 3+ and 4+, which together constituted
58.31% of the fish. The mean weight per individual of the caught pumpkinseed
was 41.659 (SD =24.81), with a total length of 11.98 cm (SD = 2.97). The
largest annual increments in the length of the investigated fish were observed in
the first year of life (5.87 cm), with increments nearly 3 times lower in the fol-
lowing years. The growth rate of the pumpkinseed was significantly higher in
comparison to the populations inhabiting other European waters and was similar
to the fast-growing populations occurring in the natural range of occurrence.
The probable factor allowing the higher growth rate of the pumpkinseed in the
Warm Canal is water temperature much higher than that in natural waters.

Stowa kluczowe:
ryby nierodzime, bass stoneczny, struktura populacji, tempo wzrostu,
rzeka Odra

Keywords:
non-native fish, pumpkinseed, population structure, growth rate, Odra river



