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Abstract 

The round goby (Neogobius melanostomus Pallas, 1811) is one of the most invasive fish species in the 
world, including Poland. 300 fish of this species were collected in the waters of Szczecin lagoon between 2010 
and 2014 and examination of the size, sex and age structures of the population and of the condition of the fish 
was performed. Total length and standard length of all the collected fish amounted to 149.2 mm (±42.21) and 
128.1 mm (±38.65), respectively. The age structure of the fish consisted of nine generations, with clear preva-
lence of the fish aged 3+ and 4+. Mean values of condition factors for the whole fish sample amounted to 0.20 
(±0.02). However, no statistically significant differences in particular years were observed (ANOVA, p > 0.05), 
but the condition of the fish between 2010 and 2011 was slightly higher than between 2013 and 2014. The ob-
tained results indicate that the Szczecin Lagoon environment provides this species with favourable living condi-
tions and it can be stipulated that the quantity of individuals of this fish species will increase. 

Key words: age of fish, gender structure, length structure, Neogobius melanostomus, round goby, Szczecin  
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INTRODUCTION 

The natural habitat for the round goby (Neogo-
bius melanostomus Pallas, 1811) is the area of the 
Ponto-Caspian basin where it resides in the littoral 
zone of the Black Sea and the Sea of Azov as well as 
in rivers flowing into them and in areas of the Sea of 
Marmara and the Caspian Sea [BERG 1965; KOT-
TELAT, FREYHOFF 2007; SVETOVIDOV 1964]. Its in-
tensive invasion is indicated by the fact that currently 
the round goby can also be found in the Baltic Sea 
and in the Great Lakes of North America [PHILLIPS et 
al. 2003; SAPOTA 2005]. In the former water body, 
precisely in Gdansk Bay, the fish was first observed 

in 1990 [SKÓRA, STOLARSKI 1996]. According to 
SKÓRA [1997], the age of the collected round goby 
individuals was estimated at 3–4 years so they had 
been residing in the waters since around 1987. Pre-
sumably, the spawn or the fry of this species could 
have reached our sea with ballast waters of long-
distance ships coming from areas of the Black Sea 
and the Caspian Sea or could have travelled into the 
Baltic Sea using natural connections of rivers and ca-
nals: The Dnieper River, the Prypiat River, the Bug 
River and the Vistula River or the Volga River and 
using canals through Lake Ladoga. However, due to 
the fact that the round goby, as a pelagic species, is 
not a good swimmer, it is difficult to imagine it cover-
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ing such a distance unaided travelling the majority of 
the distance against the current. Having invaded the 
littoral zones of Puck Bay and Gdansk Bay, the round 
goby began to spread westwards and reached the 
shores of Germany and Sweden [MARSDEN et al. 
1997]. Round gobies were first caught in the Oder 
estuary at the beginning of the 21st century in the Bay 
of Pomerania [SAPOTA 2005] and from 2003 juvenile 
individuals and from 2006 adult individual began to 
appear in the catch in the German part of Szczecin 
Lagoon [WINKLER 2006]. The first documented ob-
servations of this species in the Polish part of Szcze-
cin Lagoon were made in 2009 by CZUGAŁA and 
WOŹNICZKA [2010], reporting the presence of the fish 
in fishermen’s catches. Currently, the round goby is 
also observed in the Oder River on the German side 
near Schwedt [SCHOMAKER, WOLTER 2014] and on 
the Polish side near Widuchowa (our own source). Its 
further invasion appears to be certain. This resembles 
the occurrence of the invasive pumpkinseed in the 
waters of Międzyodrze which today is commonly 
found in the ichthyofauna of the waters in the Valley 
of the Lower Oder [DĄBKOWSKI et al. 2017]. Alt-
hough the round goby has been present in Szczecin 
Lagoon for almost a decade, so far a detailed descrip-
tion of its population has not been prepared. This in-
formation is important due to the negative influence 
of this invasive species on native fish and invertebrate 
species consisting in consumption of their spawn and 
juvenile individuals and in competition for food sup-
plies and habitats [SAPOTA 2005]. 

The aim of the present work was to assess the 
condition of the round goby population in Szczecin 
Lagoon, including the length and age of the fish and 
their condition in 2010–2014. 

MATERIAL AND METHODS 

During fish catches conducted in five research 
seasons (2010–2014) using such equipment as fyke 
nets from June to November in Szczecin Lagoon (Fig. 
1), 300 round goby (Neogobius melanostomus) indi-
viduals were collected. The quantity of the collected 
fish in each research year and the number of fishing 
nets used in the catches are given in Table 1. All the 
collected fish were subjected to biological analysis to 
determine their total length and standard length using 
a digital calliper (Twin-cal IP 40, Tesa France S.A.S) 
with accuracy to 0.1 mm as well as individual weights 
(W) using Axis digital scales (Radwag, Poland) with 
accuracy to 0.1 g. The sex of the fish was determined 
on the basis of the morphological structure of uro-
genital papilla [KORNIS et al. 2012]. 

The well-known equation given by Fulton (K) 
was used to assess condition of the fish [FROESE 

2006]: 

 𝐾  (1) 

Where: W = total weight of the fish (g); TL = total 
length of the fish (mm). 

 

Fig. 1. Fishing grounds for the round goby  
(Neogobius melanostomus) (marked as black dots)  
between 2010 and 2014; source: own elaboration 

Table 1. The number of individuals of the round goby (Ne-
ogobius melanostomus) and fishing nets used to catch it in 
Szczecin Lagoon between 2010 and 2014 

Year 
The number  

of fish caught 
Number  

of used fyke nets 
2010   31 16 
2011   42 12 
2012   57   8 
2013   82   4 
2014   88   4 

Subtotal 300 44 

Source: own elaboration. 

Otoliths were used to determine age. Age was 
read from annual rings on otoliths (right and left sides 
of the otolith) in compliance with a method suggested 
by GÜMÜŞ and KURT [2009]. 

The measurement results were analysed statisti-
cally, calculating e.g. the mean value (͞x), standard 
deviation (SD), ranges, their distribution in size clas-
ses suing Statistica 12.0 PL (StatSoft, Poland). In the 
case of comparisons of mean values between fish sex-
es, t-Student test was used, earlier evaluating normali-
ty of variables distribution using Kolmogorov-Smir-
nov test and the equality of variances was controlled 
using Levene’s test. In the case of numerous varia-
bles, a one-way variance analysis (ANOVA) was used. 
Distribution normality in each group was checked 
using Shapiro–Wilk test whereas the equality of vari-
ance was assessed using Levene’s test. Tukey’s HSD 
test was used as a post hoc test [SOKAL, ROHLF 2012]. 

RESULTS 

The round goby (Neogobius melanostomus) from 
Szczecin Lagoon was caught using trapping equip-
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ment (fishing nets) placed in different parts of this 
water body at the depth below 3.5 m. The bottom was 
sludgy or sludgy and sandy with a bigger content of 
sand where the nets were placed. The fishing nets 
placed in the latter bottom type caught 78.9% of the 
round goby individuals.  

Altogether, between 2010 and 2014, 300 round 
goby individuals were caught among which the great-
est number of fish (over 80 individuals per year) was 
caught between 2013 and 2014 using a smaller num-
ber of fishing nets than between 2010 and 2011, 
which indicates a greater concentration of its popula-
tion. The difference in the number of fishing nets used 
in each year resulted from the fact that some fishing 
units from which the fish was collected did not per-
form catches using fishing nets. Taking into account 
all the fish, a similar proportion of males and females 
(1:1) was observed. However, the distribution of the 
sexes in each year was characterised by a great dis-
proportion (Fig. 2). Females prevailed between 2010 
and 2012 (54.5–64.5%) whereas the number of males 
increased in consecutive years (54.55–54.88%). 

 

Fig. 2. Sex structure and the number of individuals of the 
round goby (Neogobius melanostomus) caught in Szczecin 

Lagoon between 2010 and 2014; source: own study 

The range of the unit weight of the round goby 
amounted to 6.6–146.2 g (mean 68.8 g ± 41.23). Hav-
ing divided the data into sexes, the statistical analysis 
of the mean weight demonstrated a statistically signif-
icant difference (test t, t = 2.9865, p = 0.003) between 
males and females. The males were characterised by 
a greater mean unit weight (68.6 g ± 39.95, ranging 
from 10.4 to 146.2 g) in comparison to the females 
(64.8 g ± 39.21, ranging from 6.6. to 124.2 g). 

Total length (TL, mm) and standard length (SL, 
mm) of all the collected fish amounted to 149.2 mm 
(±42.21 mm) and 128.1 mm (±38.65 mm), respective-
ly. However, statistically significant differences be-
tween the males and females were observed. The 
males were characterised by a statistically greater 
mean total length (test t, t = 3.2426, p = 0.001) and 
standard length (test t, t = 3.1653, p = 0.002) (156.3 
mm ± 39.65 and 132.6 mm ± 34.65, respectively) in 
comparison to the females (147.2 mm ± 40.35 and 
125.9 mm ± 33.65 mm, respectively). The correlation 
between the two lengths (TL and SL) of the round go-
by can be expressed as follows: SL = 0.8371TL + 
1.7432 (R = 0.942). 

Having divided the fish into fishing years, exclud-
ing 2010 (probably due to too small a number of the 
fish samples), statistically significantly greater lengths 
(TL and SL) and unit weights of the males in compari-
son to the females (test t, p < 0.05) were observed 
(Tab. 2).  

Moreover, it was observed that during the first 
years of fishing (2010–2012) the mean lengths (TL 
and SL) and unit weights of the round goby were sta-
tistically significantly greater in comparison to 2013–
2104 (ANOVA, p < 0.05). For example, in 210 the 
mean lengths for the fish not divided by sex amounted 
to TL = 154.9 mm (±39.84), SL = 130.6 mm (±31.54) 
and the unit weight was 71.9 g (±39.82) whereas in  
 

Table 2. Total body length (TL, mm), standard body length (SL, mm), unit weight (W, g) and condition (K) of the round goby 
(Neogobius melanostosmus) caught in 2010–2014 

Year 
of 

fishing 
Sex 

Unit weight Total length Standard length Condition 
average 

W±SD, g 
range  
W, g 

average 
TL±SD, mm 

range 
TL, mm 

average 
SL±SD, mm 

range 
SL, mm 

average 
K±SD 

range 
K 

2010 
female 70.7±36.81   8.6–124.2 153.7±37.04   82.6–205.2 129.6±31.17 70.8–172.5 0.20±0.01 0.18–0.23 
male 72.3±39.71 12.6–146.2 155.3±39.47 101.5–216.3 131.5±30.65 88.6–184.3 0.19±0.01 0.19–0.22 
together 71.9a±39.82   8.6–146.2 154.9a±39.84   82.6–216.3 130.6a±31.54 70.8–184.3 0.20±0.01 0.18–0.23 

2011 
female 71.8*±26.95 15.8–106.2 154.8*±36.89 108.1–195.6 128.7*±28.96 91.9–164.1 0.20±0.02 0.17–0.22 
male 75.6*±27.81 18.2–126.5 158.2*±38.62 112.5–206.2 132.5*±32.56 95.5–174.5 0.20±0.01 0.18–0.21 
together 73.8a±28.21 15.7–126.5 156.6a±38.96 108.1–206.2 131.2a±30.11 91.9–174.5 0.20±0.02 0.17–0.22 

2012 
female 66.4*±32.56 8.2–96.8 149.6*±35.62   84.2–189.9 126.1*±31.89 72.1–159.2 0.19±0.01 0.18–0.22 
male 72.1*±33.42 18.5–122.3 156.8*±36.51 113.5–204.2 135.6*±30.65 96.5–172.1 0.20±0.02 0.17–0.22 
together 71.3a±34.65   8.2–122.3 154.2a±36.76   84.2–204.2 132.5a±31.98 72.1–172.1 0.19±0.02 0.17–0.22 

2013 
female 56.3*±31.56   7.8–112.6 143.2*±39.98   59.2–201.5 119.5*±32.15 54.6–169.1 0.19±0.02 0.17–0.22 
male 69.2*±33.26 10.6–116.9 152.1*±38.26   95.6–200.2 129.9*±31.05 81.4–168.1 0.19±0.01 0.18–0.22 
together 62.4b±34.36   7.8–116.9 146.9b±39.86   59.2–201.5 126.5b±32.11 54.6–169.1 0.19±0.02 0.17–0.22 

2014 
female 52.9*±32.12   6.6–104.6 141.3*±39.46   56.5–194.6 119.4*±32.05 48.6–166.5 0.19±0.01 0.18–0.20 
male 64.2*±34.86 10.4–118.2 149.0*±36.45   95.2–202.2 126.4*±31.26 85.4–172.1 0.20±0.01 0.18–0.21 
together 63.2b ±35.11   6.6–118.2 147.2b±39.11   56.2–202.2 124.1b±32.01 48.6–172.1 0.19±0.01 0.18–0.21 

Explanations: * statistically significant differences between sex (test t, p < 0.05), a, b  = the average for the trials of individual years, without 
the division into sex, marked with the same letter do not differ significantly in terms of statistics (ANOVA, test Tukeya, p < 0.05). 
Source: own study. 
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2014 they were 147.2 mm (±39.11) and 124.1 mm 
(±32.01), respectively, and 63.2 g (±35.11) – Table 2. 

Between 2010 and 2014, individuals in classes 
from 120.1 to 180 mm, which constituted 62.33% of 
all the fish, prevailed in the lengths of the collected 
fish. However, the analysis of the distribution of the 
lengths in each year allows us to claim that between 
2010 and 2011 bigger fish in length classes of 140.1–
200 mm prevailed, and they constituted 77.4% and 
71.4%, respectively, of the whole catch from the giv-
en year. However, between 2013 and 2014, a clear 
prevalence of smaller fish in classes of 100.1–180.0 
mm was observed. The fish in the aforementioned 
classes constituted 78.0% and 73.9% of the fish, re-
spectively (Fig. 3). It is worth noting that between 
2013 and 2014 the fish that was caught belonged to 
all nine total length classes, but in 2010 and 2012 sev-
en classes and in 2011 only six classes. These years 
did not feature individuals with the total length below 
80 mm (TL). 

 

Fig. 3. Length structure for the round goby (Neogobius 
melanostomus) in Szczecin Lagoon between 2010 and 2014; 

source: own study 

The condition of the fish was evaluated on the ba-
sis of Fulton’s condition factor (K). The mean values 
of condition factors for the whole fish sample 
amounted to 0.20 ±0.02, but no statistically significant 
differences between the females (mean 0.19 ±0.02) 
and males (mean 0.20 ±0.02) were observed (test t,  
t = 1.7566, p = 0.080). Also, no statistically signifi-
cant difference between the condition of the fish in 
each year was observed (ANOVA, p > 0.05). Howev-
er, the condition of the fish between 2010 and 2011 
appeared to be slightly higher (K = 0.2) in comparison 
to 2013–2014 (K = 0.19).  

All the studied fish can be classified for six age 
groups (from 1+ to 6+), but the prevailing groups 
were 3+ which constituted 34.7% (104 individuals) 
and 4+ (25.33%, 76 individuals). A disproportion in 
the age structure between individual fishing periods 
was observed. In 2010–2011 individuals aged from 
2+ to 6+ were observed whereas in the other years 
(from 1+ to 6+) – Figure 4. 

 

Fig. 4. Age structure for the round goby (Neogobius 
melanostomus) in Szczecin Lagoon in each year of studies; 

source: own study 

DISCUSSION 

The round goby (Neogobius melanostomus) was 
first caught in the Baltic Sea in 1986 in Gdansk Bay 
[SKÓRA, STOLARSKI 1993] and from 1994 it was ob-
served almost in the whole of the Polish part of 
Gdansk Bay, including Puck Bay [KUCZYŃSKI 1995]. 
In the 1990s the first individuals appeared in coastal 
lakes: Łebsko and Gardno in the Słowiński National 
Park [CIEPIELEWSKI, HORNATKIEWICZ-ŻBIK 2003]. 
The round goby was observed in the Polish part of the 
Vistula Lagoon in 1999 and later it also appeared in 
the Russian part [BOROWSKI 1999]. The round goby 
was observed in the Vistula River as high as in the 
area of Świecie (130 km from its estuary) [KOSTRZE-

WA, GRABOWSKI 2003]. In 2003 the round goby could 
be caught with a fishing rod in the distributary chan-
nel of the Dziwna River in Dziwnów [SKÓRA 2004]. 
In 2009 adult individuals of this species were first 
observed in the Polish part of Szczecin Lagoon 
[CZUGAŁA, WOŹNICZKA 2010] and, taking into ac-
count their lengths, they must have been there for at 
least five years. This is confirmed by observations of 
occurrence of juvenile individuals of the round goby 
in the German part of Szczecin Lagoon made by 
WINKLER [2006]. It is difficult to explicitly determine 
whether the population of the round goby comes di-
rectly from the waters of Gdansk Bay (situated ap-
prox. 450 km from Szczecin Lagoon) or from the wa-
ters of the coastal region of Germany. According to 
WINKLER [2006], the round goby appeared in Rugen, 
an island situated approx. 120 km from Szczecin La-
goon, in 1998. Assuming that the population of the 
round goby in the Oder estuary originated directly 
from Gdansk Bay, its expansion rate amounts to 32 
kmꞏyear–1. The value is extremely similar to the ex-
pansion rate for the population in the coastal regions 
of Denmark [AZOUR et al. 2015], but significantly 
lower than for populations from the Great Lakes of 
North America according to GROSHOLZ [1996]. Ex-
pansion of the round goby is supported by its high 
tolerance of a wide range of environmental condi-
tions, its aggressive behaviour, early puberty and high 
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fertility as well as the possibility of reproduction sev-
eral times a year [SAPOTA 2005].  

In the Baltic Sea, populations of this species re-
side in shallow places at the depth below 20 m 
[KULLANDER, DELLING 2012] although some habitats 
can even be found at the depth of 50–60 m 
[KOTTELAT, FREYHOFF 2007]. This indicates that the 
whole bottom of Szczecin Lagoon can be penetrated 
by this species and these habitats are in danger of the 
effect of this invasive fish. Unfortunately, it is diffi-
cult to accurately determine the concentration of the 
round goby in Szczecin Lagoon. However, it appears 
to be significantly lower than in Gdansk Bay (over 3.4 
individuals per m2) [SAPOTA, SKÓRA 2005] or in the 
waters of North American lakes (over 50 individuals 
per m2) [MARSDEN et al. 1997].   

The proportion of males and females among the 
collected fish between 2010 and 2014 in Szczecin 
Lagoon was 1:1 whereas in numerous other water 
bodies in non-native populations males prevail [GU-

TOWSKI, FOX 2011]. This may result from various 
fishing methods, periods of fishing and the degree of 
invasion of a new water body. According to [BRAND-

NER et al. 2013], during the first stage of populating 
a water body, females, responsible for excessive 
spawning, prevail whereas in the final stages of ex-
pansion the contribution of males increases. Similar 
changes in the number of females (they prevail in the 
first years of studies) and males (they prevail in 2013–
2014) were observed in Szczecin Lagoon. According 
to laboratory tests conducted by MARENTETTE et al. 
[2011], the greater number of the round goby males 
results from their greater motility in the final stage of 
invasion.  

The maximum length achieved by the round goby 
in Szczecin Lagoon amounts to 216.3 mm, but the 
males achieve greater lengths than the females. The 
values are higher than those given for the Danube 
basin [GRULA et al. 2012], but do not differ much 
from the values obtained for non-native populations 
of North American waters [MARSDEN et al. 1997], but 
they are significantly lower, especially in the case of 
males from the waters of the natural coverage [BERG 
1965]. For example, in not-native Danube populations 
of the round goby, the maximum standard length (SL) 
of the round goby amounted to 153 mm (Slovakia), 
150 mm (Austria) [GRULA et al. 2012; WIESNER 
2005] whereas in the waters of the natural coverage, 
the standard length of the fish reaches 250 mm [BERG 
1965]. Probably, it does not result from the shorter 
life cycle of individuals from non-native populations, 
because five and six-year-old individuals were ob-
served both in waters of the natural coverage and in 
waters colonised by the round goby [BERG 1965; 
SOKOŁOWSKA, FEY 2011]. Also in Szczecin Lagoon, 
despite the prevalence of fish aged 3+, fish aged 6+ 
(the maximum age) was observed. It has to be empha-
sised here that in each year of the studies of popula-
tions of the round goby a downward trend in the mean 
length and weigh of the caught fish was observed. It 

could result from changes in the population occurring 
during their invasion connected with changes in con-
centration and food competition [BØHN et al. 2004]. 
As indicated by the study results from AZOUR et al. 
[2005], individuals with greater lengths and unit 
weights characterised by high condition and growth 
rate prevail in the early stages of the round goby’s 
invasion, at their low concentration. This is caused by 
limited competition for food supplies. With an in-
crease in the concentration of the population in the 
consecutive stage of expansion, which simultaneously 
induces food competition and reduction of food sup-
plies, the mean length and weight of the fish, condi-
tions factors and their growth rate decrease.  

It has to be emphasises here that statistically sig-
nificantly greater linear dimensions of male bodies 
and ages in comparison to females were observed in 
the population of the round goby in Szczecin Lagoon 
although the former ones are characterised by a short-
er life cycle [BERG 1965; SOKOŁOWSKA, FEY 2011], 
but they reach puberty at a slower pace [NIKOLSKI 
1970]. The oldest males reached the age of 6+, which 
contradicts the theory from MARSDEN et al. [1997] 
that males die soon after reproduction. This is not 
a sensational phenomenon because fish aged over 
6 years were found in populations in Gdansk Bay and 
in the coastal region of Denmark [AZOUR 2015; 
SOKOŁOWSKA, FEY 2011]. 

CONCLUSIONS  

Currently, the round goby (Neogobius melanos-
tomus) in Szczecin Lagoon became a permanent com-
ponent of the ecosystem and created a population ca-
pable of reproduction, which is indicated by lengths, 
weights and ages of the caught fish. The condition of 
the fish indicates that the environmental conditions of 
this water body are not a deterrent to the presence of 
this species. In consecutive years, the progressive in-
vasion of the round goby up the Oder River may be-
come a threat to habitats of numerous water animal 
species in the whole basin. Therefore, permanent 
monitoring of this species should be performed in the 
next years in order to estimate the effect of the inva-
sive round goby on habitats of native water animals 
and correctly forecast changes in the size of its popu-
lation.  
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Przemysław CZERNIEJEWSKI, Adam BRYSIEWICZ  

Kondycja i struktura populacji babki byczej (Neogobius melanostomus Pallas, 1811)  
w Zalewie Szczecińskim w latach 2010–2014 

STRESZCZENIE 

Babka bycza (Neogobius melanostomus Pallas) jest jednym z najbardziej inwazyjnych gatunków ryb na 
świecie, w tym również w Polsce. W latach 2010–2014 z wód Zalewu Szczecińskiego pozyskano 300 os. tego 
gatunku i wykonano badania struktury wielkościowej, płci i wieku populacji oraz kondycji odłowionych ryb. 
Średnia długość całkowita ciała (TL) oraz długość ciała (SL) wszystkich złowionych ryb wyniosła odpowiednio 
149,2 mm (± 42,21) i 128,1 mm (±38,65). Struktura wieku złowionych ryb składała się z 9 roczników, z wyraź-
ną dominacją ryb w wieku 3+ i 4+. Wartości średnie współczynników kondycji dla całej próby ryb wyniosły 
0,20 (±0,02), przy czym nie zanotowano różnic istotnych statystycznie w poszczególnych latach (ANOVA,  
p > 0,05), jakkolwiek kondycja ryb w latach 2010–2011 była nieznacznie lepsza niż w latach 2013–2014. Uzy-
skane wyniki wskazują, że środowisko Zalewu Szczecińskiego zapewnia osobnikom tego gatunku odpowiednie 
warunki do życia i można sądzić, iż liczebność osobników tego gatunku będzie się zwiększała. 
 
Słowa kluczowe: babka bycza, Neogobius melanostomus, struktura długości, struktura płci, wiek ryb, Zalew 
Szczeciński 


