
INTRODUCTION
The rock goby Gobius paganellus L. is a relative large

goby found along the north-western Atlantic, from
Scotland to Senegal, the Mediterranean Sea and the Black
Sea (Miller 1986, Engin et al. 2007, Fricke et al. 2007). It
is a common inshore and intertidal species, inhabiting
under stones and in pools on sheltered rocky shores with
much weed cover (Miller 1986). Thirty-five gobiid
species are known from the Black Sea basin, some of
them recorded only recently (Engin et al. 2007, Fricke et
al. 2007, Kovačić and Engin 2008). Although there are
some studies on this species from Atlantic (Miller 1961,
Dunne 1978, Azevedo and Simas 2000) and

Mediterranean areas (Gibson 1972, Mazé 2004), no infor-
mation is currently available on biology and ecology from
the Black Sea population. The aim of this study, therefore,
is to investigate various aspects of biology of Gobius
paganellus from the Black Sea.

MATERIALS AND METHOD
One hundred seventy-five specimens of G. paganellus

were sampled from two stations in the province of Rize,
south-eastern Black Sea (Fig. 1), from January to
December 2005. Samplings were performed between
1–10 m depth by free diving, using spear gun and hand net
at night time. The water temperature was measured at 3 m
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Background. Gobius paganellus L. is one of the most common gobiid fish in the south-eastern Black Sea. The
aim of present study is to provide information on age structure and growth, length at sexual maturity, annual cycle
of gonad development, and diet of rock goby in the south-eastern Black Sea.
Materials and Methods. One hundred seventy-five specimens of G. paganellus were sampled from two stations
in the province of Rize, south-eastern Black Sea. Samplings were performed by free diving using spear gun and
hand net at night time. Specimens were dissected and sagittal otoliths, stomachs, livers, and gonads were
removed. Otoliths were cleaned, immersed in glycerol, and examined on black background using reflected light
at low magnification to determine age. Mean size at sexual maturity (L50) (i.e., size at which 50% of fish are
mature) was estimated for males and females by fitting the logistic Gompertz function to the proportion of mature
fish per cm size-class. The gonadosomatic index, seminal vesicle somatic index, and hepatosomatic index were
calculated on monthly basis. The quantitative importance of different prey in the diet was assessed by calculat-
ing the frequency of occurrence, the percentage number, and the percentage mass of prey. The main food index
(IMF) was calculated to combine the three used methods (IMF = (0.5 (%F + %N) %W)0·5).
Results. The maximum age was estimated to be 7 and 6 years for males and females, respectively. The von Bertalanffy
growth parameters was estimated from the mean age-length data for males and females (males: L∞ = 13.1 cm, k = 0.34,
to = –0.11; females: L∞ = 18.2 cm, k = 0.18, to = –0.07). The estimated length at sexual maturity was 5.20 and
5.50 cm for males and females, respectively. The spawning season was between March and May. Total fecundi-
ty ranged from 1550 to 5839 eggs/female, with an average of 4322 ± 1109 eggs per female. The rock goby feeds
on a wide variety of prey items, particularly on gammarids, brachyurans, natantians, bivalves, isopods, and fish.
Conclusion. Growth rate (K) and growth performance index (φ’), length at sexual maturity, fecundity and feed-
ing habits of Black Sea rock goby differ from Atlantic populations.
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depth, i.e., where the most specimens were sampled. Fish
were immediately fixed in 70% alcohol and transferred to
the laboratory.

Total length of each individual was measured to 0.1 mm
(then they were grouped into 10 mm size classes) and wet
mass was recorded to the nearest 0.001 g after blotting dry
on absorbent paper. The specimens were dissected and
sagittal otoliths, stomachs, livers, and gonads were
removed. Otoliths were cleaned, immersed in glycerol,
and examined on black background using reflected light
at low magnification to ageing fish (Miller 1961). The von
Bertalanffy growth function was fitted to the length-at-
age data using non-linear least squares estimation proce-
dures (Ricker 1975).

Sex was assessed and wet mass of the gonads and liver
was recorded to the nearest 0.1 mg after blotting dry on
absorbent paper. In males, testes and seminal vesicles
were weighed separately. The ripe ovaries were used to
calculate fecundity. A portion of ovaries was weighed and
the oocytes were counted to estimate total fecundity
(F = mass of the entire ovaries × mass of the counted sub-

sample–1 × number of oocytes in subsample). Oocyte
length (maximum diameter) was measured with digital
calliper under a stereomicroscope. Mean size at sexual
maturity (L50) (i.e., size at which 50% of fish are mature)
was estimated for males and females by fitting the logis-
tic Gompertz function to the proportion of mature fish per
cm size-class. The gonadosomatic index (GSI = gonad
mass × 100 × body mass–1), seminal vesicle somatic index
(SVSI = seminal vesicle mass × 100 × body mass–1)
(Patzner et al. 1991) and hepatosomatic index (HSI = liver
mass × 100 × body mass–1) (Kovačić 2007) was calculat-
ed on monthly basis.

Stomach contents were sorted according to relevant
taxonomic group. Sorted prey items were weighed wet to
the nearest 10 µg after blotting dry on absorbent paper.
The quantitative importance of different prey in the diet
was analyzed as follows: percentage frequency of occur-
rence (%F, the percentage of stomachs in which a certain
item occurs in relation to all stomachs containing food);
percentage number (%N, each prey item as percentage of
total number of food items in the sample); percentage
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Prey %F %N %W IMF

Alge 1.2 0.3 7.1 2.3

Bivalvia 1.8 4.1 4.3 3.5
Gammaridae 65.3 77.3 31.4 47.3
Brachyura 8.6 2.4 17.8 9.8
Mysidacea 3.1 2.1 2.6 2.6
Natantia 12.2 4.3 14.4 10.8
Isopoda 3.7 1.1 5.3 3.5
Decapoda larvae 5.6 6.1 2.7 3.9
Polychaeta 1.1 0.8 1.3 1.1
Ostracoda 2.4 1.2 0.2 0.6
Nematoda 0.5 0.4 0.8 0.6
Pisces 1.5 0.3 12.1 0.3

Table 1
Diet spectrum of Gobius paganellus in the south-eastern Black Sea

%F: frequency of occurrence; %N: percentage number; %W: percentage mass;
and IMF: main food index.

Fig. 1. Study area of Gobius paganellus in the south-eastern Black Sea



mass (%W, the wet mass of each prey item, as a percent-
age of total weight of stomach contents). The main food
index (IMF) was calculated combining the three used
methods (IMF = (0.5 (%F + %N) %W)0·5) (Zander 1982,
Kovačić 2001, 2007). The ontogenetic shift in diet was
examined comparing the main food index between fish
size classes. Feeding intensity was estimated using full-
ness index (IF = 100 WGCW–1) (Hureau 1970).

Data analyses were performed using the Excel and
Statistica 6.1 software packages.

RESULTS
Between eleven and twenty-three specimens were col-

lected each month, the minimum being in August,
because of the difficulties in sampling rock gobies due to
their high activity in summer. The size range of fish was
from 5 to 14.1 cm in males and from 5.1–12.2 cm in
females (Fig. 2). In total 175 specimens were examined,
of which 78 were males and 97 females. The sex ratio was
not significantly different from unity (χ2 = 1.1664,
P = 0.280, P > 0.05).

Age and growth. All specimens were aged success-
fully. The maximum estimated age was 7 years for males
and 6 years for females, respectively (Fig. 3). The von
Bertalanffy growth parameters were calculated for males
(L∞ = 13.1 cm, k = 0.34, to = –0.11) and for females (L∞ = 13.8 cm,
k = 0.29, to = –0.13). The growth performance index was
similar in both sexes (for males φ’ = 3.70 and for females
φ’ = 3.73).

Reproduction. Length at sexual maturity was esti-
mated for males at L50 = 5.20 cm ± 0.19 (r2 = 0.99) and
for females at L50 = 5.50 cm ± 0.05 (r2 = 0.99) (Fig. 4). In
both sexes gonad development started in the first year of life
and all specimens were mature at two years of age.
Gonadosomatic index (GSI) of females (Fig. 5a) changed
significantly throughout months (H Kruskal–Wallis = 189.1,
P < 0.001) as did male GSI (H Kruskal–Wallis = 122.5,
P < 0.001) and seminal-vesicle-somatic index (SVSI)
(H Kruskal–Wallis = 81.2, P < 0.001) (Figs. 5b and 5c).
Ripe males and females were already observed in
February. However, GSI peaked in March in both sexes.
The spawning season occurs from March to June, when
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Fig. 2. Length-frequency distribution of male ( ) and female ( ) Gobius paganellus from the south-eastern
Black Sea
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Fig. 3. Age-frequency distributions for male ( ) and female ( ) Gobius paganellus from the south-eastern Black Sea
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Fig. 4. Length at sexual maturity (L50) of Gobius paganellus from the south-eastern Black Sea
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ripening fish of both sexes were found. In the post spawn-
ing period (from July to October), GSI and SVSI reached
their lowest value.

Hepatosomatic index (HSI) of both sexes showed
a clear seasonal pattern (male; H Kruskal–Wallis = 63.2,
P < 0.001, female; H Kruskal–Wallis = 45.3, P < 0.001).
It showed a peak in January, and then decreased during
the spawning season (Fig. 6a, b).

Fecundity was estimated on 33 ripe females from 6.6 to
13.7 cm TL. Total fecundity ranged from 1550 to 5839 eggs
per fish, with an average of 4322 ± 1109 eggs per fish. There
was a significant positive relationship between fecundity
and fish length (Fig. 7). Ripe oocyte diameters ranged from
0.55 to 0.81 mm, with an average of 0.69 ± 0.10 mm.

Diet. The stomach contents of G. paganellus con-
tained 12 taxa of food organisms (Table 1). Gammaridae
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Fig. 7. Total fecundity-total length relationship of Gobius paganellus from the south-eastern Black Sea
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were among the more frequent (F >60%) and abundant
prey items (N > 70%; W > 30%). Based on the main food
index (IMF), Gammaridae, Natantia, and Brachyura were
the main food taxa. An ontogenetic shift was observed in
diet of G. paganellus: the most preferred prey of young
fish were decapod larvae and mysids, whereas large fish
fed on Gammaridae, Natantia, and Brachyura (Fig. 8).

No seasonal variation was observed in diet, but the
feeding intensity varied seasonally. The fullness index
(IF) was significantly lower in autumn, compared to other
seasons (Fig. 9).

DISCUSSION
Age, growth, reproduction, and feeding habits of the

Black Sea population of G. paganellus have never been
investigated until now. The maximum size of the speci-
mens recorded in this study was similar to the Atlantic pop-
ulations (Azevedo and Simas 2000), as well as the longevi-
ty estimated for both sexes (7–10 years) (Miller 1961,
Dunne 1978). Other European Gobius species shown high
longevity and variability (2–10 years) (Vaas et al. 1975,
Fabi and Giannetti 1985, Nash 1984, Vesey and Langford 1985,
Joyeux et al. 1991, Arruda et al. 1993, Sasal et al. 1996,
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Fig. 8. Food of Gobius paganellus from the south-eastern Black Sea
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Silva and Gordo 1997, Kovačić 2001, 2006). The von
Bertalanffy growth parameter L∞ of G. paganellus was
similar to previous studies in north-east Atlantic and
Mediterranean Sea. Conversely, instantaneous growth
rate (k) and growth performance (φ’) of G. paganellus
were smaller than populations of Azores (Azevedo and
Simas, 2000) but similar to north-east Atlantic population
(Miller 1961, Dunne 1978).

The sex ratio was similar to other gobiids, such as
G. niger (see: Nash 1984), G. roulei (see: Kovačić 2001),
and G. vittatus (see: Kovačić 2007). In the present study,
the Black Sea population of G. paganellus attained sexu-
al maturity early, as gonad development began in the first
year of life, as previously reported by Azevedo and Simas
(2000). Instead, sexual maturity of G. paganellus in the
north-east Atlantic was reached in the second year of age
(Miller 1961) or in the third one (Dunne 1978). The
spawning period was from March to June in the Black Sea,
like all other Gobius species from the north-east Atlantic
and Mediterranean Sea (Miller 1961, Gibson 1970, Vaas
et al. 1975, Dunne 1978, Nash 1984, Vesey and Langford
1985, Joyeux et al. 1991, Arruda et al. 1993, Silva and
Gordo 1997, Azevedo and Simas 2000, Kovačić 2001, 2007).
The annual variation of hepatosomatic index showed that
the energy storage decreased during the spawning season
and increased afterwards. A marked reduction in liver
mass was reported at the beginning or during the breeding
season by Joyeux et al. (1992), Fouda et al. (1993), and
Kovačić (2007). Fecundity of the Black Sea population of
the rock goby was lower than that from the north-eastern
Atlantic (Miller 1961).

Crustaceans were the main prey items of G. paganel-
lus in the studied area, in agreement with other studies
carries out in Mediterranean and north-eastern Atlantic
(Gibson 1972, Dunne 1978, Azevedo and Simas 2000,
Maze 2004). However, according to Costa (1988), the
most frequent food items in the population from the Tagus
Estuary were polychaetes. A small amount of algae was
also found in the stomach contents. Azevedo and Simas
(2000) suggested that algal material is ingested acciden-
tally, together with other usual prey. It fed on benthic
mobile fauna, smaller specimens prefer meiofauna and
macrofauna, the larger ones generally preyed on macro-
fauna. Ontogenetic diet shift of the rock goby was similar
to that reported from northern Spain population, without
seasonal differences (Maze 2004). It is generally found
that in gobies the feeding intensity is strongly related to
the sea water temperature (Collins 1981, 1982, Joyeux et
al. 1991, Kovačić 2001, 2007). A similar finding was also
observed in the present study, as G. paganellus showed
a low feeding intensity in winter and spring when the sea
water temperature was at the lowest level of the year.

Bio-ecological studies on gobies showed that this
small fishes have an important function in coastal rocky
habitats. But difficulties on sampling with diving restrict-
ed studies on this topic.
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