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Background. In Europe, the western tubenose goby, Proterorhinus semilunaris (Heckel, 1837), is the smallest 
and one of the most expansive species among invasive Ponto-Caspian gobies. The aim of the presently reported 
study was to investigate reproductive parameters of the tubenose goby population from the Vistula River, as one 
of the biological traits that might facilitate its successful invasion. 
Materials and methods. Fish were sampled monthly from March through October and the following parameters 
were determined: sex ratio, gonadosomatic index (GSI), fecundity (absolute, relative, batch), oocyte size 
distribution, and body condition (Fulton’s and Clark’s indices).
Results. GSI varied considerably between sexes and between individual spring months. The increase of GSI 
and oocyte diameter distributions indicated that spawning of P. semilunaris in the Vistula River lasted from 
the end of April till July. Multimodal oocytes distribution during reproductive season suggested at least two or 
three spawning events. The absolute fecundity ranged from 504 to 1250. The mean batch fecundity (± standard 
deviation) was 338.35 ± 89.22. Both, the absolute and batch fecundity, but not the mean oocyte diameter in the 
batch, were related to the female standard length. The highest values of Fulton condition index were observed 
in the reproductive period compared to pre- and post-spawning, while Clark condition index showed a different 
pattern.
Conclusion. The western tubenose goby displays reproductive strategy typical for other fish invaders that 
successfully naturalized in central Europe.
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INTRODUCTION
The western tubenose goby, Proterorhinus semilunaris 

(Heckel, 1837) is among the most successful goby species 
of Ponto-Caspian origin invading inland waters of Europe 
(Copp et al. 2005). It occurs also in the Laurentian Great 
Lakes of North America where it was introduced from 
Europe by ships probably with ballast waters (Kocovsky 
et al. 2011). Its taxonomic position is problematic. It was 
recently distinguished as a separate, freshwater species 
from the genetically divergent, marine Proterorhinus 
marmoratus (Pallas, 1814) (see Stepien and Tumeo 
2006) but later studies (Sorokin et al. 2011) revealed that 
these two species are in fact euryhaline and distributed 
in different areas of the Black Sea basin: P. semilunaris 
in the north-western part of the Black Sea basin (and 
possibly eastern Aegean basin) and P. marmoratus in the 

north-eastern part. Thus, as the north-western part of the 
Black Sea basin is the most probable source of invasive 
tubenose gobies, dispersing through the Danube and 
Dnieper river systems to western and central Europe, 
they are P. semilunaris rather than P. marmoratus. The 
western tubenose goby is the smallest species of all the 
invasive Ponto-Caspian gobies currently that have been 
currently expanding their range in Europe in this part 
of Europe. It occupies habitats with available shelters, 
such as rip-raps but also bottom with rich vegetation 
and rather slow to moderate water current (Kocovsky et 
al. 2011, Płąchocki et al.**). It is native to the Black Sea 
basin and eastern drainage of the Aegean Sea. According 
to the historical data from the 19th century, the tubenose 
goby was widely distributed in the Dnieper River (Naseka 
et al. 2005) and in the Danube up to the Morava River 
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mouth on the Czech/Slovak border and Vienna in Austria 
(Ahnelt et al. 1998, Harka and Bíró 2007). Considering 
the results of Sorokin et al. (2011) it was P. semilunaris 
rather than P. marmoratus. The slow expansion outside its 
range in the Danube as defined in the 19th century (Harka 
and Bíró 2007), was observed around 1970 (Ahnelt et 
al. 1998). Until now, its occurrence was confirmed in 
several localities in the Danube (Roche et al. 2013), Rhine 
(Borcherding et al. 2011, Manné et al. 2013), and Meuse 
(Cammaerts et al. 2012) river systems, however it was 
less abundant than round goby, Neogobius melanostomus 
(Pallas, 1814), and bighead goby, Ponticola kessleri 
(Günther, 1861) (see Borcherding et al. 2011, Manné et 
al. 2013, Roche et al. 2013). In the Dnieper, that is the 
first section of the so-called central corridor of invasion 
for Ponto-Caspian fauna (Bij de Vaate et al. 2002), the 
invasion of the western tubenose goby was delayed 
compared to other Ponto-Caspian gobiids (Semenchenko 
et al. 2011). It appeared in the right tributary of Dnieper, 
i.e., the Pripyat River (Belarusian part of central corridor) 
in 2007 (Semenchenko et al. 2011) and soon after in 
Poland in 2008 (Grabowska et al. 2008), however in the 
light of recent studies (Sorokin et al. 2011) its taxonomic 
status needs confirmation by a genetic analysis. It was the 
first record of the western tubenose goby in the Vistula 
River system and also in the Baltic Sea basin (Grabowska 
et al. 2008). It spreads very quickly both the downstream 
and the upstream of the Vistula River. 

Considering the western tubenose goby rapid active 
dispersal and abundance in the Vistula, we may assume that 
its reproductive strategy has been very effective and that 
it has found there suitable abiotic and biotic conditions for 
the establishment and population increase. The suitability 
of a particular strategy of an invader may vary depending 
on the local environmental conditions (Villeneuve et al. 
2005, Fox et al. 2007, Britton et al. 2008, Kováč et al. 
2009, Záhorská and Kováč 2009). The life-history traits 
displayed by fish species are a compromise between the 
genetic heritage of sourcing populations and the constraints 
posed by the local environment (Reynolds et al. 2005, 
Blanck et al. 2007). Thus, they can vary considerably 
in different parts of its range. Moreover, a revision of 
invasive fish characteristics implied that introduced 
species are often quite different from natives what can 
facilitate their establishment and further integration in 
the new ecosystem (Erős 2005, Vila-Gispert et al. 2005, 
García-Berthou 2007, Ribeiro et al. 2008, Grabowska and 
Przybylski 2015). Some of the western tubenose goby 
populations and their reproductive characteristics have 
been recently, for the first time, described in its invaded 
range of distribution (Czech Republic, the Thaya River, 
known locally as Dyje, Danube basin) (Valová et al. 2015) 
as well as in lakes of the Marmara Region (north-western 
Turkey) (Top et al. 2018) that is a part of its native range 
(Pinchuk et al. 2003, Top et al. 2018). So far they were 
the only papers undertaking these aspects of its biology. 
Although some fragmentary data of the species life-
history traits were provided in several earlier papers, 
they must be taken with caution as they all concerned 

Proterorhinus marmoratus in its native range before the 
taxonomic revision (Stepien and Tumeo 2006, Sorokin et 
al. 2011) of the species and included both marine/estuarine 
and freshwater populations that later were identified as 
separate taxa. 

In the presently reported study, we aimed at evaluating 
the western tubenose goby reproductive characteristics 
from the Vistula River (invaded range, central invasion 
corridor) to contribute to very limited knowledge of the 
biology of this invasive species rapidly expanding its 
range in Europe.  

MATERIALS AND METHODS
The presently reported study was carried out in 2014 

in the tailwater of the Włocławek Reservoir located in 
the lower section of the Vistula River near the town of 
Płock, Poland (52°32′05′′N, 019°41′12′′E). Tubenose 
gobies were sampled monthly from March to August 
and in October by electrofishing gear (type EFGI 650, 
BSE Bretschneider Spezialelektronik, Germany) wading 
along the rip-rap shoreline at the depth of 0.2–0.7 m on the 
sandy-stony bottom with scattered single patches of the 
submerged plants. Fish were euthanized with an overdose 
of clove oil and preserved in 4% formaldehyde. 

At the laboratory, fish were measured for total (TL) and 
standard (SL) length to the nearest 1 mm and weighed 
(WT = total body weight) to the nearest 0.01 g. Then, all 
individuals were dissected and sex was determined by the 
gonad examination. Gonads of females and males were 
removed and weighed (Wg = gonad weight) to the nearest 
0.001 g (wet weight). The gonadosomatic index (GSI) was 
calculated as: 

1
g TGSI 1 00  W W −= ⋅

Each eviscerated fish was weighed (Wevc = eviscerated 
body weight). Two tissue sub-samples from the middle 
part of the ovary, covering the whole cross-section, were 
extracted and weighed to the nearest 0.001 g. The sub-
samples were placed in one layer on microscopic slides 
immersed in glycerine solution and photographed using a 
digital camera (Olympus DP 70) mounted on a binocular-
microscope (20×, 25×, and 32× zoom; Olympus SZX7). 
The diameters of 30–40 randomly sampled oocytes 
from each female were measured using LUCIA 5 image 
analysis software and pooled in the following sampling 
dates to plot the length-frequency diagrams. 

Based on the rapid increase of GSI values and the 
development of oocytes in gonads (emergence of large, 
yolked oocyte > 1 mm fraction in length-frequency 
diagrams) in the consecutive sampling dates, the sample 
collected on 29 April, was selected for further analysis 
of fecundity as representative for the beginning of the 
spawning period. For each of the 62 females collected at 
that date (Table 1), all oocytes in the two sub-samples of 
ovary tissue, i.e., from 175 to 200 oocytes, were counted 
and their diameters were measured using LUCIA 5 image 
analysis software to plot length-frequency diagram. Only 
females with ovaries containing ripe, yolked oocytes were 
considered in the fecundity analysis. The total number 
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of vitellogenic oocytes was counted by the gravimetric 
method (Murua et al. 2003) to determine the absolute 
fecundity (Fa) and the relative fecundity (Fr), i.e., the 
number of oocytes per 1 g of body weight. The batch 
fecundity (Fb) defined as the number of eggs spawned per 
batch, was estimated by the oocytes size-frequency method 
(Hunter et al. 1985). To estimate the batch fecundity (Fb) 
the most advanced modal group of oocyte size classes was 
determined from the diagrams. The mode composed of the 
largest oocytes, i.e., > 1 mm of diameter. Their proportion 
in sub-sample was used to estimate the number of largest 
oocytes in the ovary. 

Additionally, on 10 May 10 individuals (5 females with 
swollen bellies indicating ripe gonads and 5 males with 
black spawning colouration) were collected for aquarium 
observation and after 3 days they laid eggs. The sample of 
71 eggs was photographed under a binocular microscope 
and their two diameters, as they were elliptical, were 
measured using LUCIA 5 image analysis software.

The body condition was expressed using Fulton’s and 
Clark’s condition indices. The former (Le Cren 1951) was 
determined using the following formula 

T
F 3

100000
TL

WK ⋅
=

where WT was the total body weight [g], TL was the total 
length [mm].

The Clark’s condition index was calculated based on 
the following formula  

evc
3

100000
TLC

WK ⋅
=

where Wevc was the eviscerated fish body weight [g], 
TL was the fish total length [mm] (Bagenal and Tesch 
1978).  

Statistical analyses. Sex ratio was calculated as the number 
of males divided by the total number of individuals (males 
plus females) in the sample. On each monthly sample, the 
chi-squared analysis (χ2) was used to test whether the sex 
ratio deviated from 1 ÷ 1 parity (Zar 2010). To compare 
mean values of standard length between sexes, the t-test 
was used. The relations between eviscerated body weight 
(Wevc), gonad weight (Wg), and standard length (SL) were 
determined by linear regression (log-transformed data). 
The differences of regression coefficients of relation Wevc 
and SL between sexes were tested using t-test (Zar 2010), 
while the analysis of covariance (ANCOVA) was applied 
to test differences among seasons (sample date) (Zar 
2010). The effect of the season (sample date) and sex on 
GSI, KF and KC variation were tested using two-way analysis 
of variance (ANOVA II). Prior, the assumption of analysis, 
i.e., the normal distribution of variables was checked 
using the Shapiro–Wilk test and the homoscedasticity of 
variance was tested using the Levene test. If the analysis of 
variance showed a significant effect of any of the factors, 
a multiple-comparison, i.e., the Fisher Least Significant 
Difference (LSD) test (post-hoc test) was used. All analysis 
were made using STATISTICA 10 software.

RESULTS 
The standard length (SL) of 233 females collected 

from March through August and in October 2014 ranged 
from 31 to 66 mm. The 136 examined males represented 
a wider range length, i.e., from 33 to 72 mm (Table 1). 
The relation between SL and TL was described by the 
equations, i.e., males: SL = 0.85 × TL – 3.24, r2 = 0.99, 
P > 0.001, females: SL = 0.84 × TL – 2.48, r2 = 0.97, P > 
0.001. In general, females were significantly smaller than 
males (SLF = 42.4 ± 4.6, SLM = 51.9 ± 9.0, t = 13.31, df 
= 366, P < 0.001). The weight of males ranged from 0.71 

Table 1
Characteristics of western tubenose goby, Proterorhinus semilunaris, from the Vistula River in 2014

Sampling date S N
Total length Standard length Sex ratio

Mean ± SD Min–max Mean ± SD Min–max M ÷ F χ2 P

25 March F 40 54.00 ± 6.23 41–77 42.00 ± 5.50 31–62 1 ÷ 1.1 0.05 n.sM 38 58.00 ± 10.78 42–78 46.00 ± 9.07 33–61

8 April F 10 52.00 ± 3.35 45–58 41.00 ± 3.57 35–41 1 ÷ 0.7 1.00 n.s.M 15 71.00 ± 7.03 55–82 57.00 ± 6.07 43–67

29 April F 62 53.00 ± 4.41 44–67 42.00 ± 3.94 35–53 1 ÷ 3.4 24.20 <0.001M 18 70.00 ± 8.51 48–84 56.00 ± 7.45 39–70

19 May F 54 55.00 ± 4.79 48–74 44.00 ± 4.08 38–60 1 ÷ 2.7 15.62 <0.001M 20 71.00 ± 7.71 52–80 57.00 ± 6.57 42–65

12 June F 25 53.00 ± 4.59 46–62 43.00 ± 3.99 43–50 1 ÷ 2.8 7.53 <0.01M 9 68.00 ± 9.94 47–77 54.00 ± 8.14 37–62
17 July J 38 37.00 ± 3.83 30–46 30.00 ± 3.09 24–37 —

12 August J 9 42.00 ± 3.09 37–47 35.00 ± 2.57 31–39 —M 1 58.00 47.00

23 October F 42 51.00 ± 6.43 40–69 42.00 ± 5.47 32–58 1 ÷ 1.2 0.64 n.s.M 35 61.00 ± 8.42 42–85 50.00 ± 7.49 34–72

S = sex, N = number of individuals, SD = standard deviation, M = male, F = female, J = juvenile; deviations from 1 ÷ 1 sex ratio were tested 
with binominal test (P < 0.05), n.s. = non-significant difference.
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to 8.60 g and females from 1.15 to 3.94 g. Eviscerated 
weight was significantly related to standard length (Table 
2). The comparisons of b coefficients revealed that males 
were heavier than females of the analogous standard 
length (SL). Only in April samples, such differences were 
not significant (Table 2). 
Sex ratio. The sex ratio in samples differed significantly 
from 1 ÷ 1 since the end of April to June when females 
constituted 73%–75% of sampled adults. In the pre-
spawning period, i.e., in March, beginning of April, and in 
post-reproduction season, i.e., in October, the abundance 
of both sexes was balanced (Table 1).
Gonadosomatic index. All females sampled between 
March and June were sexually mature. Gonad weight was 
positively correlated with body length (SL) in both sexes 
from March to June, except for females in June (Table 3). 
Gonadosomatic index (GSI) varied considerably between 
sexes (F1, 281 = 110.99, P < 0.0001) and across spring 

months (F4, 281 = 19.78, P < 0.0001) with significant sex 
× month interaction (F4, 281 = 13.42, P < 0.0001) (Fig. 1). 
The GSI for males did not change significantly across the 
examined period, while the GSI for females increased four 
times from March to end of April. Then, in the subsequent 
spawning months, the GSI values for females did not 
differ significantly. Except for March and early April, 
the GSI values were considerably higher for females 
than for males (Fig. 1). The GSI values did not correlate 
with female and male standard length (SL) except for one 
sampling date (8 April) when such relation was confirmed 
by linear regression (females: a = –5.29 ± 1.75, b = 3.70 ± 
1.09, r2 = 0.59, P > 0.01 and males: a = –2.96 ± 0.58, b = 
1.86 ± 0.33, r2 = 0.71, P > 0.001). 
Eggs. Oocyte diameter distributions in the consecutive 
dates during spawning season indicated that spawning in 
the studied section of the Vistula River in 2014 began at 
the end of April and lasted, at least, to July (Fig. 2). The 

Table 2
Standard length–eviscerated body weight relations (log-transformed data) for the western tubenose goby, 

Proterorhinus semilunaris, in the Vistula River in 2014

Sampling date Sex a SE a b SE b N
r² t-test

Value P Value P

25 March 
F –4.203 0.417 2.693 0.258 40 0.741 0.001

2.371 <0.05M –5.156 0.131 3.266 0.079 38 0.979 0.001

8 April F –5.675 0.482 3.608 0.300 10 0.948 0.001 0.485
M –5.385 0.336 3.435 0.191 15 0.961 0.001

29 April 
F –4.723 0.175 2.992 0.108 62 0.928 0.001

1.722M –5.142 0.250 3.291 0.143 18 0.971 0.001

19 May 
F –4.561 0.191 2.885 0.117 54 0.922 0.001

3.343 <0.01
M –5.518 0.264 3.506 0.150 20 0.968 0.001

12 June 
F –3.925 0.216 2.467 0.133 25 0.938 0.001

3.562 <0.001
M –5.133 0.378 3.257 0.219 9 0.969 0.001

23 October 
F –5.086 0.127 3.187 0.079 42 0.976 0.001

5.786 <0.001
M –4.731 0.127 2.986 0.075 35 0.980 0.001

N = number of fish studied, r² = coefficient of determination; M = male, F = female; a = intercept, b = slope, SE = standard error, Sex-
specific differences in slopes for each sample occasion were tested with t-test. 

Table 3
Regression of gonad weight on standard length (log-transformed data) for western tubenose goby, Proterorhinus 

semilunaris, in the Vistula River in 2014

Sampling date Sex a SE a b SE b N r2 P

25 March F –6.658 0.772 3.310 0.477 40 0.56 <0.001
M –4.430 0.772 1.764 0.467 38 0.28 <0.001

8 April F –13.074 2.152 7.432 1.339 10 0.79 <0.001
M –10.123 0.588 5.198 0.335 15 0.95 <0.001

29 April F –5.400 1.268 2.885 0.779 62 0.19 <0.001
M –8.966 1.567 4.548 0.897 18 0.62 <0.001

19 May F –5.587 1.325 3.009 0.808 54 0.21 <0.001
M –4.494 1.675 2.051 0.954 20 0.20 <0.05

12 June F –4.512 3.090 2.188 1.897 25 0.05 >0.05 n.s.
M –6.267 1.752 2.965 1.012 9 0.55 <0.05

N = number of fish studied, r² = coefficient of determination; M = male, F = female; a = intercept, b = slope, SE = standard error. 
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multimodal character distribution revealed the presence of 
oocytes at different stages of development in population 
during the studied period March–June, ranging in total from 
0.15 to 1.92 mm. Diagrams plotted for pooled data for 52 
females sampled on 29 April allowed to distinguish three 
oocyte size groups: small 0.15 to < 0.5 mm, medium 0.5 to 
< 1 mm, and large from 1 to 1.92 mm. However, the oocytes 
size distribution of individual female was always bimodal 
with one fraction of large and one of the small oocytes (Fig. 
3). The fraction of the largest oocytes > 1 mm was present 
in ovaries of about 75% of females at the end of April and 
it was clearly separated by a gap, i.e., lack of intermediate 
sizes oocytes, from the fraction of small eggs, i.e., 0.15 
to 0.7 mm.  In ovaries of females in which no fraction of 
the largest eggs was observed, two peaks in the diagrams 
were also distinguished, i.e., 0.15 to 0.55 mm and 0.60 to 
95 mm, but with no gap in-between. The presence of the 
largest oocyte fraction in ovaries did not correspond with 
female size as it was present both in small and large females 
ovaries at the same time of the spawning period. 

The longer diameter of the already deposited elliptic 
eggs was  2.966 ± 0.226 mm (mean ± standard deviation, 
SD) and the shorter one was 1.428 ± 0.125 mm.
Fecundity. The absolute fecundity (Fa) ranged from 504 
to 1250 (809.7 ± 211.5) oocytes for females of length 
(SL) ranging from 38–50 mm. Fa increased with female 
length following linear regression formula: Fa = 41.91 × SL – 
987.99 (n = 43, r2 = 0.57, P > 0.001). Mean relative fecundity 
was 407.2 ± 93.0 and ranged from 208 to 758. The mean 
batch fecundity (Fb) was 338.35 ± 89.22) and ranged from 
212 to 525. It was related to female standard length following 
linear regression formula: Fb = 12.33 × SL – 176.85 (n = 
43, r2 = 0.28, P > 0.001). The mean oocytes diameter in the 
batch, i.e., the largest eggs fraction, was not correlated with 
female standard length (r2 = 0.265, P = 0.088).
Condition. The Fulton’s condition index (KF) varied 
significantly across months (F5, 356 = 77.12, P < 0.0001) 
as well as between sexes (F1, 356 = 65.85, P < 0.0001) 

(Fig. 4) with significant interaction between months 
and sex  (F5, 356 = 5.81, P < 0.0001). Males and females 
showed a similar pattern of KF variation when the highest 
values of the index were observed since early April to 
June and the lowest in March and in October. Moreover, 
at this period, the KF values for males were higher than 
that for females except for March, when there was no 
such difference (Fig. 4). Higher differences in condition 
between males and females were revealed in a variation 
of Clark’s index (KC) (Fig. 5).  This index also varied 
between sexes (F1, 355 = 272.86, P < 0.0001) and months 
(F5, 355 = 31.53, P < 0.0001) with significant interaction of 
that two variables (F5, 355 = 22.78, P < 0.0001). Apart from 
March KC values for males were higher than for females. 
Across the examined season, Clark’s index values for 
females showed no differences apart of June when the 
lowest value of KC was noted, meanwhile, for males, this 
index varied between months as from early April to May 
its values were aligned and significantly higher than in 
March, June, and October  (Fig. 5). 

0.0

2.0

4.0

6.0

8.0

10.0

12.0

14.0

March 25 April 8 April 29 May 19 June 12

G
SI

Females Males

a

a

a a
a a

ac

b
b

bc

Fig. 1. Gonadosomatic index (GSI) (mean ± 95% CL) of 
western tubenose goby, Proterorhinus semilunaris, in 
the Vistula River, from March to June 2014; the same 
letters denote groups that did not statistically differ  (the 
LSD Fisher post-hoc test)

0

300

600

900

0

30

60

90

120

0

200

400

600

800

0

70

140

210

0

50

100

150

0.1 0.3 0.5 0.7 0.9 1.1 1.3 1.5 1.7 1.9 2.1

March 25

April 8

April 29

May 19

June 12

Fig. 2. Size-frequency distribution of oocytes from the 
ovaries of individuals of western tubenose goby, 
Proterorhinus semilunaris, in the Vistula River during 
the reproductive period in 2014 

Oocyte diameter [mm]



Grabowska et al.360

DISCUSSION
The western tubenose goby displays reproductive 

strategy that is typical for all gobiids, including nest 
spawning and brood guarding by a male (Miller 1984). 
It involves the larger body size of male compared to 
females (Miller 1984, Wootton 1998). Indeed, western 
tubenose goby males in our study had their standard 
length approximately by 30 percentage points bigger 
and their eviscerated body was heavier than the body of 
females of the same length. Similar sex-dependent size 
difference during the reproductive period was observed 
in western tubenose goby in the Thaya (Dyje) River (a 
tributary of lower Morava River, Danube basin) by Prášek 
(unpublished*) and Valová et al. (2015). 
Sex ratio. The sex ratio of tubenose goby in our samplings 
was female biased during months of the most intensive 
spawning, i.e., at the end of April, in May, and in June 
but was balanced in the pre-spawning (March) and post-
reproductive (October) period. It can be explained by 
gobies spawning behaviour, i.e., males stay in the nests 
under stones and in other crevices while females swim 
nearby (Meunier et al. 2009) and thus, a sampling of 
hidden males is much less efficient than in case of females 
(Brandner et al. 2013). As the water temperature increases 

in the early spring, western tubenose gobies migrate to 
shore from the deeper parts of the water body where they 
spend the winter (Valová et al. 2015), and is considered 
that males arrive slightly earlier than females to find and 
take the most suitable shelter for the nest (Kovtun 1979, 
Moskal’kova 1996). Thus the sex ratio in the pre-spawning 
period depends on the moment of sampling and can be 
balanced like in our study and like recorded by Prášek 
(unpublished*) or female dominated (Valová et al. 2015). 
The sex ratio 1 ÷ 1 in post-reproductive months, similar 
like in our study, was reported by Prášek (unpublished*) 
and Valová et al. (2015). 
Spawning. According to literature, tubenose gobies are 
mature in their second year of life (Pinchuk et al. 2003). 
Valová et al. (2015) suggested that in the Thaya (Dyje) 
River all hatched individuals that survived the winter were 
ready to spawn in the next spawning season, i.e., at the 
age 1+. It would explain why, in our studies, all females 
sampled between March and June were mature. Thus, the 
approximate age at first maturity ranged between the end 
of 0+ and 1+, depending on the exact month of hatching. 
The smallest females with ripe oocytes, i.e., larger than 
1 mm in diameter in gonads had a total length of 46–47 
mm. In our samples, mature individuals smaller than 41 
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orhinus marmoratus), a new species of the ichthyofauna of the Czech Republic.] Doctoral thesis, Masarykova univerzita, Přírodovědecká fakulta [Masaryk University, 
Faculty of Science] Brno, Czech Republic.
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mm (female) and 42 mm (male) were not observed, while 
the total length of maturity in the Marmara region, north-
western Turkey (part of the native range), was estimated 
at 38–42 mm for female and 33–37 mm for male (Top et 
al. 2018). In the Thaya (Dyje) River (the Czech Republic; 
invasive range in the Danube River system) female of 
similar length had ripe gonads (Valová et al. 2015). 
It indicates that western tubenose goby mature early and 
at very small body length. 

The rapid increase of GSI between the beginning and 
the end of April implies that spawning in the Vistula River 
in the studied year started at the end of April when the 
water temperature at the shore was 16.5°C and lasted at 
least till July. However, we collected almost no adults 
in July and August as fishing was almost impossible due 
to the low water level in the Vistula that dropped down 
so extremely in the sampling site that entirely exposed a 
wide area of bottom including the rip-rap habitats usually 
occupied by adults of the western tubenose goby. The 

same duration of the reproductive season was observed 
in the Thaya (Dyje) River (Czech Republic) or was even 
prolonged to August in more southern regions of the 
species distribution range, i.e., in Hungary (Harka and 
Farkas 2006) and Bulgaria (Georgiev 1966). According to 
Valová et al. (2015), the gonad development of western 
tubenose goby started in October, with the most intensive 
growth in March and April, what we observed also in our 
studies. Readiness to spawning was indicated also by the 
appearance of the largest oocytes, i.e., of the diameter > 
1 mm, in ovaries that constituted pronounced separated 
fraction. The fraction of such oocytes was not present in 
ovaries of any female on 8 April and after the next three 
weeks, three-quarters of females had it in ovaries. There 
was no relation between the presence of large oocytes 
fraction in ovaries and the size of females, contrary to the 
suggestion that larger females begun spawning earlier than 
smaller (Miranda and Muncy 1987). The first juveniles in 
our studies were observed in July, probably recruited from 
the first spawning event at the end of April. Considering 
the range of their standard length, i.e., from 28 to 40 mm 
(30.2 ± 3.8 mm) they hatched at least a month earlier but 
were not found any juveniles in June’s sample. Valová et 
al. (2015) noted first YOY of mean standard length 14.8 ± 
0.4 mm in June and these increased in number and size in 
subsequent dates.
Eggs. The multimodal character of oocyte distribution 
diagrams in subsequent months indicated at least two or 
three spawning events in the studied population of the 
western tubenose goby during the reproductive season, 
but the diagrams plotted separately for each female 
suggest that an individual female spawned twice per 
season. It is consistent with the previous studies (Valová 
et al. 2015), where female gonads prior to the spawning 
season contained two or three clearly distinguished 
groups of oocytes. The gap between a batch of largest 
oocytes, i.e., ready to spawn, and the remained smaller 
oocytes in ovaries suggest the presence of a lag phase 
in the development of the oocytes between consecutive 
spawning events. The high variation of GSI for both sexes 
observed in all samples taken during reproductive season 
indicates an asynchronous spawning. Such a conclusion 
is also supported by the multimodal character of oocyte 
distribution in ovaries of individual females sampled on 
the same date. 
Fecundity. The absolute fecundity of western tubenose 
goby in the Vistula River was of similar range and with 
same mean values like in the Thaya (Dyje) River (Valová 
et al. 2015), while the mean relative fecundity was higher. 
However, we realize that this parameter is regulated by 
many factors, e.g., by nutritional status and environmental 
condition as well as by the female size. The absolute 
fecundity and gonad weight of western tubenose goby 
was correlated with the female standard length, like in 
the Thaya (Dyje) River (Valová et al. 2015). The absolute 
fecundity is difficult to estimate in species that are multiple 
spawners, like gobies, as it depends on the number of 
batches released and a number of oocytes in each batch 
(Hunter and Goldberg 1980). The number of eggs, as well 
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as their size, might be different in the following spawning 
events. We found that larger females had more oocytes 
in the batch, but the size of oocytes ready to lay, i.e., the 
mean diameter of oocytes in the batch of the largest ones, 
was not correlated with the female size. Similarly, the 
relation between batch fecundity and the female length 
was found in round goby but only in the case of the first 
batch in the season while it was not present in the second 
one (Tomczak and Sapota 2006).
Condition. According to our observations, there was no 
significant difference in the condition between females 
and males, prior to the spawning season, at the beginning 
of March. Later, such differences appeared due to 
different investment in the reproduction of both sexes, 
i.e., females invest more resources in gonad development 
than males. In the consecutive months of the spawning 
activity, Fulton’s index for both sexes remained higher 
than in March but it resulted from the contribution of ripe 
(full-grown) gonads to the fish body weight. Meanwhile, 
if the condition is expressed with Clark’s index, where 
eviscerated body weight, i.e., without gonads, is used for 
its estimation, there was no difference in the condition of 
females across the studied period, except for June, when 
its value decreased considerably. A similar abrupt decrease 
in the condition in June was observed for males. It is a cost 
of reproduction that involves translocation of energy from 
somatic growth to gonad building and energy-demanding 
nest guarding of males. The better body condition of males 
indicates their higher competitive abilities and influences 
the superior position in comparison with other males in 
population (Grabowska et al. 2019). Thus, the higher 
values of Clark’s coefficient observed for males in April 
and May, compared with other non-reproductive seasons, 
might be associated with competition for the best nesting 
sites and, as a consequence, it influences the reproductive 
success. However, the costs of intraspecific competition, 
nest defence, and prolonged food deficiency as a side 
effect of nest occupation, increase in the consecutive 
months. Thus, it inevitably leads to a drop in males’ 
condition. In October, when females and males were 
two-three months after spawning and had time to rebuild 
their body condition, the difference in the condition was 
insignificant.
Conclusion. The population of western tubenose goby 
in the Vistula River is characterized by the prolonged 
reproductive period (April–July) with several spawning 
events (at least two, based on the oocyte diameter 
distribution). Both males and females sexually mature 
within the first year of life and are ready to spawn next 
spring. Considering the species’ body size, its fecundity is 
relatively large and, additionally, the survival of offspring 
is supported by parental care. Multiple spawning during 
the prolonged reproductive season facilitates reproductive 
success and establishment in newly colonised sites. 
It allows not only to stagger the reproductive effort over a 
few months but also provides a second chance for breeding 
in the case of the first spawning failure. Such reproductive 
strategy of the western tubenose goby is very effective 
considering our observations, i.e., its rapid dispersal in the 

inland waters of Poland, as well as its growing abundance 
in the consecutive years, since the first record in the Vistula 
River (Grabowska et al. 2008). The western tubenose 
goby displays reproductive strategy typical for fish 
invaders that successfully naturalized in central European 
inland waters, including other Ponto-Caspian gobies, but 
also species from various families, such as e.g., topmouth 
gudgeon, Pseudorasbora parva (Temminck et Schlegel, 
1846); Amur sleeper, Perccottus glenii Dybowski, 1877; 
pumpkinseed, Lepomis gibbosus (Linnaeus, 1758); and 
brown bullhead, Ameiurus nebulosus (Lesueur, 1819). 
All these species exhibit some features of life-history that 
differentiate them from the majority of native fish species 
in central European bioregion sensu Reyjol et al. (2007) 
(reviewed in Grabowska and Przybylski 2015). Similar 
divergence in life-history strategy between native and 
non-native fish species was observed in other regions of 
Europe and North America (reviewed in García-Berthou 
2007).
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