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Background. Monkey goby is one of many Neogobius species that have invaded European waters in recent
decades. Little interest has been paid to this species up till now, probably due to its lower rate of invasiveness
compared to some other goby species, e.g., round goby. As with any non-native species, however, it represents
a potential danger for native fauna. The aim of this study is to fill in the missing data concerning monkey goby
biology and population structure in its native area of distribution, thereby providing a baseline for future comparative studies in non-native distribution areas.
Materials and methods. Samples of monkey gobies, Neogobius fluviatilis (Pallas, 1814), were obtained seasonally from the lower, Bulgarian stretch of the Danube River during 2006. The fish collected were sexed, measured, and weighed. After that the gonads were removed and weighed. These data were used to calculate sex ratio,
length-frequency distribution, condition coefficient, and gonadosomatic index. Dissected ovaries were used for
histological analysis of oocyte distribution.
Results. The monkey goby population displayed a relatively balanced sex ratio, while length-frequency distribution demonstrated two- (April), and later three (October), clearly visible peaks, representing three age classes.
The condition factor of both males and females was influenced by season. We were able to estimate the starting
time and the duration of the spawning season using both gonadosomatic index and ovarian histological analysis.
Conclusion. Population of monkey goby in the Bulgarian Danube is an example of a stable native population
defined by balanced sex ratio, three-year life span, and recruitment represented by strong cohort of 0+ fish, some
of them maturing in their second year of life.
Keywords: monkey goby, invasion, Bulgaria, Danube, condition, GSI, ovary structure

INTRODUCTION
The monkey goby Neogobius fluviatilis (Pallas, 1814)
is a moderately large goby (up to 195 mm total length)
with a short life span of 5–6 years, reaching sexual maturity in its second- or third year of life (Plachá et al. 2010).
Males exhibit territorial nesting behaviour and parental
care (Grabowska 2005, Grabowska et al. 2009). The
length of spawning season varies from just two months
(March–April) in Turkey (Sasi and Berber 2010) to very
protracted spawning (April to August) in the Volga and
Danube deltas (Pinchuk et al. 2003).
The monkey goby is natively distributed throughout the
Ponto-Caspian region (Neilson and Stepien 2011), inhabiting both inland freshwater habitats and saline waters. Their
range expansion from a formerly static natural distribution
was first observed during the 1960s (Bănărescu 1970), and
quite recently this fish reached the Slovakian section of the
Danube River (Polacik et al. 2008). In 2008, the presence
*

of monkey goby was confirmed on the German Rhine at
the port of Duisburg (Stemmer 2008), and in 2009 in the
Dutch Rhine (van Kessel et al. 2009), probably having
migrated downstream. As there has been no published
record of monkey goby between Austria and the German
upper Rhine (joined by the Rhine–Main–Danube canal),
the occurrence at Duisburg almost certainly represents an
introduction via shipping, either in ballast water or
sand/gravel as cargo. The species has also extended its
range through the second invasion pathway i.e., the
Dnieper–Pripyat–Bug–Vistula river system (Neilson and
Stepien 2011), causing the expansion of this species into
Poland (Kostrzewa et al. 2004, Grabowska et al. 2009).
Comparison of native and non-native invasive populations can provide better insights into the biological or
environmental factors that contribute to range extension
in such species (Neilson and Stepien 2011). Due to its
apparent low rate of invasiveness and low predation rate on
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native fish species in invaded areas (Ahnelt et al. 1998,
Grabowska et al. 2009), the biology of monkey goby in
both its native- and non-native distribution areas has been
poorly studied. Until recently, the research in its non-native
distribution area has focused mainly on growth (Plachá et
al. 2010) and food composition (Grabowska el al. 2009).
A number of research projects targeted the Black Sea
(native distribution area) in the 1960s (Bil’ko 1965, 1968).
The apparent lack of comparable methods to describe
population structure and reproductive characteristics calls
for up-to-date standardised studies. Recently, longitudinal
distribution, density and habitat preference were
described by Polacik et al. (2008) and Polačik et al.
(2008) along the lower Danube (native distribution;
Bulgarian stretch); however, no other characteristics (e.g.,
population structure, reproduction, feeding habits) important for successful colonisation were investigated.
In this study, we focused on the population structure
and reproductive biology of monkey gobies to provide
missing data from their native range along the Bulgarian
stretch of the Danube River.

MATERIALS AND METHODS
Monkey goby populations were sampled in 2006 near
the town of Vidin (river km 790; Bulgaria) using electrofishing gear (Lena, Bednář Olomouc) and/or a 7-m
beach seine (4 mm mesh), depending on habitat conditions. Sampling took place in April, June, July, and
October, i.e., before-, during-, and after the presumed
spawning season (see Pinchuk et al. 2003). Sampled fish
were administered a lethal dose of anaesthetic (clove oil)
and stored in 4% formaldehyde for further analysis.
All fish were sexed, based on the shape of the urogenital papilla (Miller 1984), measured to the nearest mm
using digital callipers (TL = total length, SL = standard
length), and weighed to the nearest 0.01 g. The data were
further used to calculate the sex ratio and the population
age structure based on length-frequency distribution.
Because age determination in fish using anatomical methods (e.g., counting annuli on scales, otoliths, or vertebrae;
Campana 2001) is substantially influenced by the skills of
the reader, and the reading procedures require a great deal
of time (İlkyaz et al. 2011), we concentrated on lengthfrequency distribution as an indicator of age groups
(Kumar and Adams 1977, Anderson and Neumann 1996).
On each sampling date, 50 adult fish (25 males and 25
females) were randomly chosen from the sample for further analysis (condition, gonadosomatic index, ovary
structure). The fish were dissected and the gonads and
gastrointestinal tract removed. The eviscerated fish and
the gonads were then weighed.
Changes in body condition were expressed using
Fulton’s condition coefficient (KF; Le Cren 1951):
KF = 100 000WT · TL–3
where: WT = total weight [g], TL = total length [mm] and
Clark’s condition coefficient (KC; Clark 1928);
KC = 100 000Wev · TL–3
where: Wev = eviscerated fish weight [g], TL = total length [mm]

Although KF is known to be somewhat misleading due to
seasonal differences in male and female WG (Gonçlalves
and Almada 1997), it is still the most frequently used index
in scientific publications concerning length–weight relation in fish. In order to allow wide comparability with
other monkey goby publications, therefore, we have used
both the routine index and a less often used index (KC) that
will provide more accurate data on seasonal fish condition.
Gonad maturity and delimitation of the spawning season were determined using the gonadosomatic index
(GSI, %), calculated as
GSI = 100WG · WT–1
where: WG = gonad weight, WT = total weight [g]
In multiple-spawning fishes such as monkey goby,
GSI is a not a very reliable indicator of ovarian maturity
as eggs at varying stages of maturity can be present at the
same time in the ovary. For this reason, histological
analysis was also undertaken in order to assess the distribution of ovarian developmental stages. Ovaries of different sizes (i.e., representing different maturation stages)
were recovered from 20 females (5 from each sampling
session) in order to determine the size of particular oocyte
stages. The ovaries were first transferred to 70% ethanol,
than embedded in a paraffin matrix and thin (7–10 µm)
sections of each ovary cut from the middle part of the
ovary. The sections were stained with Harris’ hematoxylin-eosin using the Papanicolau and Mallory methods
(Bancroft and Gamble 2008). A digital image of each histological section was taken using a digital camera
(Olympus DP 70) connected to a binocular-microscope
(20×, 25×, and 32× zoom; Olympus SZX7). Individual
oocyte
developmental
stages
(primary
growth/previtellogenic, cortical alveoli, vitellogenic and
mature oocytes; Table 1) were characterised according to
Cinquetti and Rinaldi (1987), Halačka et al. (2000), and
Murua and Saborido-Rey (2003), and measured using
LUCIA 5 image analysis software (Laboratory Imaging
Ltd.). In addition, a digital image was taken of a sample
from the remaining untreated ovary, using a digital camera (uEye-1540C) coupled with a binocular microscope,
for precise size adjustment and a count of each oocyte
stage, again using LUCIA 5 image analysis software.
As data in this study were not normally distributed
(Kolmogorov–Smirnov test of normality; P > 0.05), the nonparametric Man–Whitney U test was used for examination of
differences between male and female length and condition
and Kruskal–Wallis test with post hoc multiple comparisons
for dynamics in male and female GSI. The Spearman correlation was used to determine the influence of female SL on
number of mature oocytes and GSI, and the chi-square test to
explore sex ratio. The influence of SL on GSI and number
of oocytes was counted using linear regression. All analyses were conducted using Statistica® 10.0 for Windows®.
RESULTS
Sex-ratio. A total of 444 monkey gobies (410 adult and 34
juvenile) were sexed and measured. The sex ratio of male
to female fish was not statistically different from 1 : 1
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(P > 0.05; Table 2) for all four samplings, though there
were differences between the non-spawning (April,
October) and spawning (June, July) seasons, with sex ratio
biased toward males in the spawning season (Table 2).
Length-frequency distribution. Smallest individuals
with distinguishable sex measured 33 mm (SL) for both
males and females (October sample), while largest individuals were 107 mm for males and 93 mm for females.
The length-frequency distribution showed two clearly distinguishable length categories (SL < 55 mm, SL > 55 mm;
Fig. 1) in April and three clearly distinguishable length
categories in October (SL < 45 mm; SL = 45–70 mm;
SL > 70 mm; Fig. 1). No clearly defined length categories
were identifiable in June and July. There was no significant difference between male and female length in April
(Man–Whitney U test; April P = 0.26). In June, July, and
October, however, males were longer than females
(Man–Whitney U test; P < 0.05).
Condition factor. Male condition increased rapidly from
April to July, only decreasing slightly by October (Fig. 2);
the increase from April to July being significant
(Kruskal–Wallis test with post hoc multiple comparisons
KF: H = 37.62, P < 0.05; KC: H = 36.21, P < 0.05; Fig. 2).
Female condition started higher than that of males in
April (Fig. 2), but rapidly dropped lower in June.
Condition continued to increase, unlike males, throughout
the spawning season; the increase from June to October
being significant (Kruskal–Wallis test with post hoc multiple comparisons KF: H = 25.14, P < 0.05; KC: H = 28.19,
P < 0.05; Fig. 2). Both condition coefficients used (KF and
KC) indicated similar dynamics; however, KC provided
slightly increased condition for males in June.
Female condition was significantly higher than male in
April using KF (Man–Whitney U test, P < 0.05); though
there was no significant difference in the other samplings
(Man–Whiney U test; June: P = 0.057; July: P = 0.054;
October: P = 0.771; Fig. 2). The results for KC confirmed
the higher condition of females in April (Man–Whitney
U test; P < 0.05; Fig. 2); however, female condition in June
and July continued to be significantly higher than that of
males (Man–Whitney U test, P < 0.05; Fig. 2). By October,
there was no significant difference in the condition of males
and females (Man–Whitney U test, P = 0.877; Fig. 2).

Gonadosomatic index. Both male and female GSI showed
significant variation, with GSI significantly lower in July
and October compared to April and June (Kruskal–Wallis
test with multiple post hoc comparison; H = 23.9, P < 0.05;
Fig. 3). The seasonal GSI pattern confirmed a peak in
reproduction season in May and June. Whereas there was
no significant correlation between male SL and GSI,
female GSI was correlated with SL in April and June
(April: r = 0.56, P < 0.05; June: r = 0.69, P < 0.05). The
relation between female GSI and SL was confirmed using
linear regression (April: a = –0.054, SE = 0.525; b = 0.027,
SE = 0.008, r2 = 0.315; June: a = –11.137, SE = 3.534;
b = 0.249, SE = 0.058; r2 = 0.479).
Oocyte type distribution. Four oocyte stages (primary
growth, cortical alveoli, vitellogenic, and mature) were
observed in female ovaries (Table 1, Fig. 4). The relative
percentage of different oocyte types in eggs (sum of all
oocytes) varied between each sampling session (Fig. 5).
Mature oocytes were observed in ovaries from June to July,
with the proportion of mature oocytes highest in June. In
addition, in June number of mature oocytes was also correlated with female SL (r = 0.89; P < 0.05). The relation
between number of mature oocytes and SL in June was
confirmed using linear regression (a = –962.848,
SE = 0323.745; b = 19.329, SE = 4.616; r2= 0.745). The relative
percentage of females containing individual types of oocyte
(Fig. 6) also changed as the spawning season progressed.

DISCUSSION
In this study, we examined aspects of monkey goby biology from its native area of distribution along the Bulgarian
section of the River Danube. Overall, the population displayed an even sex ratio, which is typical of a stable native
population (Patimar et al. 2008, Sasi and Berber 2010),
rather than the male-biased sex ratio typical of developing
non-native populations (Corkum et al. 2004, Gutowsky
and Fox 2011). Slight differences between samples in different seasons, with males often dominating samples
immediately before and during the spawning season, may
have been caused by the male’s earlier migration to
spawning sites (Grabowska 2005).
Length-frequency distribution is one of the main population structure characteristics and is, among other things,

Stage, size, and description of oocytes appearing in ovaries of monkey goby, Neogobius fluviatilis,
sampled at Vidin (Danube River, Bulgaria) in 2006
Oocyte stage
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Table 1

Size [mm]

Description

Primary growth

0.03–0.15

Small, round pellucid oocytes, distinguished under microscope – large nucleus,
oolemma is formed between cytoplasm and the follicular epithelium

Cortical alveoli

0.15–0.40

Small, round opaque white oocytes, distinguished under microscope – vacuolas
appearing in the cytoplasm

Vitellogenic

0.40–1.20

Round, light yellow oocytes, under microscope – yolk vesicles are accumulated
in the periphery of oocytes, difficult to stain

Mature

> 1.20

Round, rich yellow oocytes, impossible to make histological section and stain

The scale used follows the scales proposed by Cinqueti and Rinaldi (1987) for “Padogobius martensii” = Padogobius bonelli
(Bonaparte, 1846) and by Halačka et al. (2000) for Cobitis elongatoides Bacescu et Mayer, 1969.
S

324

Konečná and Jurajda

an important means of monitoring the age structure of age group, as seen in June, could have been caused by
a population (Kumar and Adams 1977, Anderson and movement of territorial males to spawning sites and back
Neumann 1996). In April and October samples (Fig. 1), (Grabowska 2005, Marentette el al. 2011).
length-frequency distributions showed two clear peaks
Table 2
indicating two strong age cohorts (1+, 2+) of adult fish
Seasonal sex ratio of monkey goby, Neogobius
(Bíró 1995), along with a third peak in October representfluviatilis, sampled at Vidin
ing 0+ fish (SL < 40 mm). The sex of some individuals
(Danube
River, Bulgaria) in 2006
could be clearly distinguished within the 0+ cohort,
strongly suggesting that juveniles display more than one
Male Sex ratio (female : male)
Sample Month Female
No.
No.
growth strategy, which leads to earlier maturation and
spawning in their second year, as also found for round April
51
55
1 : 1.08
gobies (Corkum et al. 1998).
June
32
39
1 : 1.22
In June, and especially July, no such distribution was
July
51
73
1 : 1.43
observed. As bias caused by inadequate sampling (Bunell
52
57
1 : 1.09
et al. 2012) can be discounted, the disappearance of an October

Fig. 1. Length-frequency distribution of monkey goby, Neogobius fluviatilis, sampled at Vidin (Danube River,
Bulgaria) in 2006; Bar fills: white = males, black = females, slant = 0+ fish

Fig. 2. Dynamics in Fulton’s (KF) and Clark’s (KC) condition Fig. 3. Dynamics in gonadosomatic index (GSI) in female
coefficients of monkey goby, Neogobius fluviatilis, from
(solid diamond, solid line) and male (hollow diamond,
Vidin (Danube River, Bulgaria, 2006); hollow circle,
dashed line) of monkey goby, Neogobius fluviatilis,
dashed line = male KF; hollow square, dashed line = male
from Vidin (River Danube, Bulgaria, 2006); whiskers
KC; solid circle, solid line = female KF; solid square, solid
represent standard error
line = female KC; whiskers represent standard deviation

Neogobius fluviatilis in the Bulgarian Danube
Our length-frequency distributions correspond closely
with data from the freshwater River Zarrin-Gol (northern
Iran; Patimar et al. 2008), differing only in the maximum
age caught (3+ for River Danube, 4+ for River ZarrinGol). Bil’ko (1965) noted increased growth (maximum
TL 159 mm) compared to our data in another part of the
species’ native range (Dnieper and Southern Bug estuary;
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Ukraine), probably influenced by very high benthos biomass. Our data, therefore, confirm that freshwater monkey gobies are smaller than those in marine and brackish
areas (Pinchuk et al. 2003).
Males and females differed significantly in SL, both
during and after the reproductive season (i.e., in June, July,
and October samples). In April, however, the length distri-

Fig. 4. Different oocyte stages in ovary of monkey goby, Neogobius fluviatilis, from Vidin (Danube River, Bulgaria),
sampled in June 2006; AV = advanced vitellogenic, CA = cortical alveoli, PG = primary growth, V = vitellogenic

Fig. 5. The relative percentage of oocyte types of monkey Fig. 6. The relative percentage of females of monkey
goby, Neogobius fluviatilis, from Vidin (River
goby, Neogobius fluviatilis, from Vidin (River
Danube, Bulgaria, 2006) over the four sampling periDanube, Bulgaria, 2006) containing: cortical alveoli
ods; black = previtellogenic oocytes, slant = cortical
oocytes (black), cortical alveoli and vitellogenic
alveoli oocytes, grey = vitellogenic oocytes, white =
oocytes (slant), and cortical alveoli, vitellogenic and
mature oocytes
mature oocytes (white)
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bution of males and females was similar and included
a strong cohort of fish in their second year (Fig. 1). The
two sexes grew at a comparable rate in their first year;
however, there was a significant decline in female growth
rate in the second year caused by investment into ovary
growth during the reproductive season (Corkum et al.
1998, Patimar et al. 2008, Plachá et al. 2010). The relatively low female GSI value in April (Fig. 3) suggests that
investment into ovarian growth and maturation (rather
than body growth) starts later in Bulgarian monkey gobies and that differences in male and female length appear
during the reproductive season, i.e., in June and July.
Higher investment into growth in males is reflected in better condition (Patimar et al. 2008), which was also confirmed in our study using the KC condition factor (Fig. 2).
Our data on seasonal oocyte type distribution and GSI
allow us to specify the duration and dynamics of
Bulgarian monkey goby spawning season, previously
estimated by Pinchuk et al. (2003). Before the spawning
season (April), females with two and three groups of
oocytes (at various developmental stages) were clearly
distinguishable, implying two or three spawning bouts. In
June, both high GSI and presence and sum of mature and
vitellogenic oocytes in ovaries indicate that almost half of
the sampled females were clearly mature and about to
spawn. In July, the ovaries of many females could clearly
be described as in post-spawning condition (Tomczak and
Sapota 2006); however, around 25% still contained one
bout of mature eggs ready for spawning (Fig. 6). In our
opinion, therefore the spawning season ends in August.
The monkey goby appears to reach reproductive maturity relatively early, with some variation depending on the
population’s origin (Pinchuk et al. 2003). The results of
this study confirm that freshwater monkey gobies generally reach maturity in their second year (see also Holčík et
al. 2003). The gonads of the smallest mature female
caught (SL = 41.65 mm; age 1; April sample) contained
both primary growth and cortical alveoli stage oocytes
that would have matured over the coming reproductive
season, meaning that fish of this age and size can and do
contribute to population recruitment.

ACKNOWLEDGEMENTS
This study was supported by the Grant Agency of the
Czech Republic through Project P505/11/1768. Many
thanks go to my colleagues at the Institute of Vertebrate
Biology (ASCR) and the Regional Department of the
Bulgarian Agency of Fisheries and Aquaculture in Vidin for
help with field work and fish dissection, and to Kevin Roche
for English language correction and helpful comments.
REFERENCES

Ahnelt H., Bănărescu P., Spolwind R., Harka Á., Waidbacher H.
1998. Occurrence and distribution of three gobiid species (Pisces,
Gobiidae) in the middle and upper Danube region—examples
of different distribution patterns? Biologia 53 (5): 665–678.
Anderson R.O., Neumann R.M. 1996. Length, weight and
associated structural indices. Pp. 447–482. In: Murphy B.R.,

Wilis D.W. (eds.) Fisheries techniques. 2nd edn. American
Fisheries Society, Bethesda, MD, USA.
Bănărescu P. 1970. Die Fische des ponto-kaspischen potamophilen Artenkomplexes und die karpato-kaukasische
Disjunktion. Hidrobiologia (Bucureşti) 11: 135–141.
Bancroft J.D., Gamble M. 2008. Theory and practice of histological techniques. 6th edn. Churchill Livingstone, Elsevier,
Philadelphia, PA, USA.
Bil’ko V.P. 1965. Rost byčka piesočnika v DneprovskoBugskom limane. [The growth of the sand goby in the
Dnieper-Bug estuary.] Gidrobiologičeskij Žurnal
[Gidrobiologicheskii Zhurnal.] 1: 56–60. [In Russian.]
Bil’ko V.P. 1968. Razmnoženije černomorskich byčkov v
Dneprovsko-Bugskom limane. [Reproduction of black-sea
gobies in the Dnieper-Bug estuary.] Voprosy Ihtiologii
[Voprosy Ikhtiologii.] 8 (4): 669–678. [In Russian.]
Bíró P. 1995. A folyami géb (Neogobius fluviatilis Pallas)
növekedése és tápláléka a Balaton parti övében. [Dynamics
and food of monkey goby (Neogobius fluviatilis Pallas) in
Lake Balaton.] Halaszát 88 (4): 175–184. [In Hungarian.]
Bunnell D.B., Madenjian C.P., Rogers M.W., Holuszko J.D.,
Begnoche L.J. 2012. Exploring mechanisms underlying
sex-specific differences in mortality of Lake Michigan
bloaters. Transactions of the American Fisheries Society
141 (1): 204–214.
DOI: 10.1080/00028487.2012.655124
Campana S.E. 2001. Accuracy, precision and quality control in age
determination, including a review of the use and abuse of age
validation methods. Journal of Fish Biology 59 (2): 197–242.
DOI: 10.1111/j.1095-8649.2001.tb00127.x
Cinquetti R., Rinaldi L. 1987. Changes in the gonadal histology of Padogobius martensi (Pisces: Gobiidae) during the
reproductive cycle. Bollettino di zoologia 54 (3): 233–241.
DOI: 10.1080/11250008709355589
Clark F.N. 1928. The weight–length relationship of the
California sardine (Sardina coerulea) at San Pedro. Fish
Bulletin No. 12: 1–59.
Corkum L.D., MacInnis A.J., Wickett R.G. 1998.
Reproductive habits of round gobies. Great Lakes Research
Review 3 (2): 13–20.
Corkum L.D., Sapota M.R., Skora K.E. 2004. The round
goby, Neogobius melanostomus, a fish invader on both sides
of the Atlantic Ocean. Biological Invasions 6 (2): 173–181.
DOI: 10.1023/B:BINV.0000022136.43502.db
Gonçlalves E.J., Almada V.C. 1997. Sex differences in
resource utilization by the peacock blenny. Journal of Fish
Biology 51 (3): 624–633.
DOI: 10.1111/j.1095-8649.1997.tb01517.x
Grabowska J. 2005. Reproductive biology of racer goby
Neogobius gymnotrachelus in the Włocławski Reservoir
(Vistula River, Poland). Journal of Applied Ichthyology 21 (4):
296–299.
DOI: 10.1111/j.1439-0426.2005.00675.x
Grabowska J., Grabowski M., Kostecka A. 2009. Diet and
feeding habits of monkey goby
(Neogobius fluviatilis) in a newly invaded area. Biological
Invasions 11 (9): 2161–2170.
DOI: 10.1007/s10530-009-9499-z

Neogobius fluviatilis in the Bulgarian Danube
Gutowsky L.F.G., Fox M.G. 2011. Occupation, body size and
sex ratio of round goby
(Neogobius melanostomus) in established and newly invaded
areas of an Ontario river. Hydrobiologia 671 (1): 27–37.
DOI: 10.1007/s10750-011-0701-9
Halačka K., Lusková V., Lusk S. 2000. Fecundity of Cobitis
elongatoides in the Nová Říše Reservoir. Folia Zoologica 49
(Suppl. 1): 141–150.
Holčík J., Stráňai I., Andreji J. 2003. The further advance of
Neogobius fluviatilis (Pallas, 1814) (Pisces, Gobiidae)
upstream of the Danube. Biologia 58 (5): 967–973.
İlkyaz A.T., Metin G., Kınacıgil H.T. 2011. The use of otolith
length and weight measurements in age estimations of three
Gobiidae species (Deltentosteus quadrimaculatus, Gobius
niger, and Lesueurigobius friesii). Turkish Journal of
Zoology 35 (6): 819–827.
DOI: 10.3906/zoo-1001-13
Kostrzewa J., Grabowski M., Zięba G. 2004. Nowe inwazyjne
gatunki ryb w wodach Polski. [New invasive fish species in
Polish waters.] Archives of Polish Fisheries 12 (Suppl. 2):
21–34. [In Polish with English summary.]
Kumar K.D., Adams S.M. 1977. Estimation of age structure of
fish populations from length-frequency data. Pp. 256–281.
In: Van Winkle W. (ed.) Proceedings of the conference on
assessing the effects of power-plant induced mortality on
fish populations. Pergamon Press, New York, NY, USA.
Le Cren E.D. 1951. The length–weight relationship and seasonal cycle in gonad weight and condition in the perch (Perca
fluviatilis). Journal of Animal Ecology 20 (2): 201–219.
Marentette J.R., Wang G., Tong S., Sopinka N.M., Taves M.D.,
Koops M.A., Balshine S. 2011. Laboratory and field evidence of sex-biased movement in the invasive round goby.
Behavioral Ecology and Sociobiology 65 (12): 2239–2249.
DOI: 10.1007/s00265-011-1233-z
Miller P.J. 1984. The tokology of gobioid fishes. Pp. 119–153.
In: Potts G.W., Wooton R.J. (eds.) Fish reproduction strategies and tactics. Academic Press, London, UK.
Murua H., Saborido-Rey F. 2003. Female reproductive strategies of marine fish species of the North Atlantic. Journal of
Northwest Atlantic Fishery Science 33: 23–31.
Neilson M.E., Stepien C.A. 2011. Historic speciation and
recent colonization of Eurasian monkey gobies (Neogobius
fluviatilis and N. pallasi) revealed by DNA sequences,
microsatellites, and morphology. Diversity and Distribution
17 (4): 688–702.
DOI: 10.1111/j.1472-4642.2011.00762.x

327

Patimar R., Mahdavi M.J., Adineh H. 2008. Biology of sand
goby Neogobius fluviatilis pallasi (Berg, 1916) in ZarrinGol River (East Alborz Mountain). Journal of Agricultural
Sciences and Natural Resources 15 (1): 54–64.
Pinchuk V.I., Vasil’eva E.D., Vasil’ev V.P., Miller P.J. 2003.
Neogobius fluviatilis (Pallas, 1814). Pp. 223–264. In: Miller P.
(ed.) The freshwater fishes of Europe. Mugilidae,
Atherinidae, Atherionopsidae, Blennidae, Odontobutidae,
Gobiidae 1. Vol. 8/I. AULA-Verlag, Wiesbaden, Germany.
Plachá M., Balážová M., Kováč V., Katina S. 2010. Age and
growth of non-native monkey goby Neogobius fluviatilis
(Teleostei, Gobiidae) in the River Ipeľ, Slovakia. Folia
Zoologica 59 (4): 332–340.
Polacik M., Janac M., Trichkova T., Vassilev M., Keckeis H.,
Jurajda P. 2008. The distribution and abundance of the
Neogobius fishes in their native range (Bulgaria), with notes
on the non-native range in the Danube River. Large Rivers
[Supplementband 166 for Archiv für Hydrobiologie] 18
(1–2): 193–208.
Polačik M., Trichkova T., Janáč M., Vassilev M., Jurajda P.
2008. The ichthyofauna of the shoreline zone in the longitudinal profile of the Danube River, Bulgaria. Acta Zoologica
Bulgarica 60 (1): 77–88.
Sasi H., Berber S. 2010. Some biological characteristics of
monkey goby in Anatolia. Asian Journal of Animal and
Veterinary Advances 5 (3): 229–233.
DOI: 10.3923/ajava.2010.229.233
Stemmer B. 2008. Flussgrundel im Rhein-Gewässersystem.
Natur in NRW 2008 (4): 57–60.
Tomczak M.T., Sapota M.R. 2006. The fecundity and gonad
development cycle of the round goby (Neogobius melanostomus Pallas 1811) from the Gulf of Gdańsk. Oceanological
and. Hydrobiological Studies 35 (4): 353–367.
van Kessel N., Dorenbosch M., Spikmans F. 2009. First
record of Pontian monkey goby, Neogobius fluviatilis
(Pallas, 1814), in the Dutch Rhine. Aquatic Invasions 4 (2):
421–424.
DOI: 10.3391/ai.2009.4.2.24

Received: 24 May 2012
Accepted: 18 November 2012
Published electronically: 31 December 2012

