m

ARASTIRMA MAKALESI

JAES

Journal of Anatolian Environmental and Animal Sciences Year: 5, No: 4, 2020 (466-474)

(Anadolu Cevre ve Hayvancilik Bilimleri Dergisi)
DOI: https:/doi.org/10.35229/jaes. 764827

Yil: 5, Sayi: 4, 2020 (466-474)
RESEARCH PAPER

Seasonal Growth and Reproduction of the Black goby, Gobius niger (Osteichthyes:
Perciformes: Gobiidae) in the southeastern Black Sea Region of Turkey

Sabri BILGIN* Hatice ONAY

tUniversity of Sinop, Fisheries Faculty, Department of Fisheries, Sinop, Turkey.
2Recep Tayip Erdogan University Faculty of Fisheries and Aquaculture, TR53000, Rize, Turkey.

Gelis/Received: 06.07.2020

Kabul/Accepted: 22.09.2020

How to cite: Bilgin, S. & Onay, H. (2020). Seasonal Growth and Reproduction of the Black goby, Gobius niger (Osteichthyes: Perciformes: Gobiidae) in the
southeastern Black Sea Region of Turkey. J. Anatolian Env. and Anim. Sciences, 5(4), 466-474.

Atif yapmak igin: Bilgin, S. & Onay, H. (2020). Tiirkiye'nin Giineydogu Karadeniz Kiyilarinda Komiircii Baya Baliginin, Gobius niger (Osteichthyes:
Perciformes: Gobiidae), Mevsimsel Bilyiimesi ve Uremesi. Anadolu Cev. ve Hay. Dergisi, 5(4), 466-474.

#UE: https://orcid.org/0000-0003-2321-547X
- https://orcid.org/0000-0003-3463-7360

*Corresponding author’s:

Sabri BILGIN

University of Sinop, Fisheries Faculty,
Department of Fisheries, Sinop, Turkey.
DX sbrbilgin@hotmail.com

Telephone : +90 (368) 287 62 54 / 3391
Fax 1 +90 (368) 287 62 69

Abstract: Seasonal growth pattern and reproductive biology of the black goby, Gobius niger (n=
568; 2.1-14.6 cm TL), were monthly studied in southern Black Sea between December 2012 and
November 2013. The seasonal von Bertalanffy growth parameters, computed from ELEFAN,
were estimated as L= 11.9 cm TL, K= 0.701 year?, C= 0.633, and WP= 0.492 for the Hoenig
seasonal model and as L»= 12.1 cm TL, K= 0.680 year-! for non-seasonal von Bertalanffy model.
The size at sexual maturity (Lm) was estimated as 8.9 cm TL. The Gonadosomatic index (GSI)
ranged between 0.60 in December and 8.57 in April 2013 (mean 3.82+0.82) for females and 0.61
in October 2013 and 2.90 in May 2013 (mean 1.70+0.26) for males. The seasonal growth was
pronounced probably due to reproduction activity which extended investment of energy in
reproduction causing slower growth. The GSI development was related to photoperiod and the
monthly variations of GSI values indicating that the intensive spawning occurred between April
2013 and August 2013. During spawning time, the mean GSI value of females (6.04+1.18) was
2.9 times higher than the mean GSI values of males (2.08+0.42) (P< 0.05). The results of this
study were offered as biological input parameters regarded as a reference for the conservation
and management of the Black Sea stocks of the black goby.

Keywords: ELEFAN, photoperiod, seasonal growth, reproduction.

Tiirkiye'nin Giineydogu Karadeniz Kiyillarinda Kémiircii Baya Bahgmnn, Gobius niger
(Osteichthyes: Perciformes: Gobiidae), Mevsimsel Biiyiimesi ve Uremesi
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Oz Giineydogu Karadeniz kiyilarinda kémiircii kaya baliginin, Gobius niger (n= 568; 2,1-14,6
cm TB), liremesi ve mevsimsel biiyiimesi Aralik 2012 ve Kasim 2013 arasinda aylik olarak
calisgitlmigtr. ELEFAN’a gore hesaplanan mevsimsel von Bertalanffy biiylime denklemi
parametreleri; Hoenig mevsimsel modele gore L. 11,9 cm TB; K= 0,701 yil':; C= 0,633 ve WP=
0,492 olarak, mevsimsel olmayan von Bertalanfty biiylime modeline gore ise L»= 12,1 cm TB,
K= 0,680 y1l** seklinde hesaplannustir. Cinsi olgunluk boyu (Lm) 8,9 cm TB olarak hesaplanmustir.
Gonadosomatik indeks (GSI) degeri disiler i¢in 0,60 (Aralik 2012) ile 8,57 (Nisan 2013) arasinda
(ortalama 3,82+0,82), erkekler i¢in ise 0.61 (Ekim 2013) ve 2.90 (Mayis 2013) arasinda (ortalama
1,70+0,26) degismistir. Mevsimsel bilyiime, muhtemelen daha yavas biiylimeye neden olan
ireme faaliyeti nedeniyle belirgindi. Aylik GSI gelisimi, fotoperiyod ile iligkili olup
yumurtlamanin Nisan 2013 ve Agustos 2013 arasinda gerceklestigini gostermistir. Ureme
stiresince, disiler igin hesaplanan ortalama GSI degerinin (6,04+1,18), erkelerin ortalama GSI
degerinden (2,08+0,42) yaklasik 2,9 kat daha biiyiik oldugu hesaplanmigtir (P<0,05). Bu
caligmanin sonuglari, kaya baliginin Karadeniz'deki stoklarinin korunmasi ve ydnetimi igin
biyolojik girdi parametreleri olarak sunulmustur.

Anahtar kelimeler: ELEFAN, fotoperiyod, mevsimsel biiyiime, iireme.
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INTRODUCTION

Black goby, Gobius niger Linnaeus, 1758, is widely
distributed from Norway to the Canary Islands and
Mauritania, all coasts of the Mediterranean Sea and the
Black Sea (Bouchereau & Guelorget, 1998; Froese & Pauly,
2019; Kara & Quignard, 2019). The black goby is a large
species growing to over 15 cm and it quite enjoys harbours
and brackish waters, where it is at home in estuaries, coastal
lagoons and sea lochs (Kara & Quignard, 2019). It is very
territorial in nature and is locally common on all sandy sea
beds, preferring the shelter of nearby reefs and seagrass
meadows (Wood, 2015; Kara & Quignard, 2019) and lives
in coastal marine waters up to 80 m in depth, but most often
between the surface and 30 m (Kara & Quignard, 2019).
Sexually mature at one or two years of age, the territorial
males and juveniles are jet black and have a life span of five
years (Silva & Gordo, 1997; Bouchereau & Guelorget, 1998;
Kara & Quignard, 2019).

References used for the black goby comprising
distribution and habitat selection, feeding ecology and
behavior, genetic, environmental effects and pollution,
growth and reproduction biology were cited in the
introduction section by the Filiz & Togulga (2009) and also
listed in the Froese & Pauly (2019). Moreover,
nomenclature, description, distribution, ecology (e.g.
habitat, migration, lifespan and growth, feeding and feeding
behavior), reproduction and reproductive behavior
(sexuality, maturity and spawning behavior) and pollution of
the black goby have been globally reviewed by Kara &
Quignard, (2019). In the European coasts (e.g. Norway,
Netherlands, Portugal, France, Italy), reproduction biology,
age and growth of the black goby were reported by different
authors (Vaas et al., 1975; Fabi & Giannetti, 1983; Nash,
1984; Arruda et al., 1993; Joyeux et al., 1991; Silva &
Gordo, 1997; Bouchereau & Guelorget, 1998; Immler et al.,
2004). Reproductive biology of the black goby in the
Mediterranean, Gulf of Gabés, Tunisia was also studied by
Hajji et al. (2013). Moreover, studies on the black goby in
the coast of Turkey were carried out on their age, growth and
reproduction biology in the Bay of lzmir, Aegean Sea
(Ozaydin et al., 2007; Kinacigil et al., 2008; Filiz & Togulga,
2009) and in the Sea of Marmara (Kirdar & Ismen, 2018).
Feeding ecology of the black goby in the Aegean Sea was
also studied by Filiz & Togulga (2009).

Although the growth and reproductive biology of
the black goby has been reported in detail in other
geographical regions, surprisingly there is no published
study about the biology for this species commonly found in
the Black Sea. Since it has no commercial value in the Black
Sea, probably, fisheries biologists did not give enough
attention of its biology. In recent years, the black goby has
been rarely sold at fishing stalls in the Black Sea regions (e.g.
Sinop) and it has rarely been bought and consumed by
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people (personal observations). However, this species has
important ecologic values and it has an important role in the
food chain (Filiz & Togulga, 2009; Kara & Quignard, 2019).
Namely, in the Venetian lagoon, the diet of the black goby
is related to its habitat rich in seed plants and algae (Franco
et al., 2006). The preferred preys are primarily crustaceans
and secondarily mollusks, polychaete annelids, etc. Large
individuals also consume small fish such as pupfishes,
silversides, gobies (Casabianca & Kiener, 1969) in the
Corsican lagoons of Diana and Urbino. The black goby
individuals feed on mainly Mollusca, Crustacea, Polychaeta,
Foreminifera and Teleostei in the Gulf of Izmir, Aegean Sea
(Filiz & Togulga, 2009). Moreover, it is used as a bio-
indicator of pollution (Maradonna & Carnevali, 2007;
Barucca et al., 2006). Therefore, the black goby is in the food
chain of commercial fish with high economic value such as
turbot, consumed by humans (personal observations). These
increase the ecological value of the black goby.

This paper provides the first information on the
black goby specifically on its seasonal growth and
reproduction and also to assess the differences in these
parameters in other studies.

MATERIAL AND METHOD

Study area and sampling: Samples were monthly
collected using an experimental purposes beam trawl with
15 mm cod-end stretched mesh size up to 30 m water depths
from December 2012 to November 2013 on the Rize
province coasts of the southeastern Black Sea, Turkey
(Figure 1). All samples were taken from the same locality
during daylight. Although beam trawl fishery is banned in
the Rize province coasts of the southeastern Black Sea
during the year, sampling surveys were conducted with a
special permit from the General Directorate of Fisheries and
Aquaculture, the Ministry of Agriculture and Forestry of
Turkey. The total length (TL) was measured after blot drying
with a piece of clean towel. All specimens were measured to
the nearest 1 mm, total wet weight (W) and gonad weight
(Wg) were also recorded to the nearest 0.1 g. The sex
determination was conducted by macroscopic and/or
microscopic examination of the gonads.

Day length (hour) data reported by Bilgin et al.
(2009a) and annual sea surface temperature (SST, °C) data
reported by Cakiroglu et al. (2017), provided from
Meteorological Data Information System
(https://mevbis.mgm.gov.tr/mevbis), were used to determine
the effect of day length and temperature on reproduction.

Growth estimation: Growth in length has been
described using the von Bertalanffy (1938) growth equation,
based on either observed or back calculated length at ages.
The length frequency distribution analysis (LFDA) PC based
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computer package (version 5.0) includes methods for
estimating the parameters of both non seasonal and Hoenig
seasonal versions of the von Bertalanffy growth curve for
estimating growth parameters from fish LFDs (Kirkwood et
al., 2003).
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Figure 1. Beam trawl fishing operations sampling area around the
Rize province in the Southeastern Black Sea, Turkey.

The classic parameterization of the standard or
three parameters von Bertalanffy growth function (3P
VBGF) was proposed by Beverton & Holt (1957) and is:

L=La-e)

Seasonal growth or five parameters von Bertalanffy
growth function (5P VBGF) was described using the
Somers’s (1988) version of the VBG equation:

Lol {—K(t—to)—(cﬁjsinzﬂt—ts)+[C%jsin2n(to—ts)}
=L |1-e

where, L; is length at age t, L. is the asymptotic
length, K is the growth rate parameter, to is the nominal age
at which the length is zero, C is the relative amplitude (0 <
C < 1) of the seasonal oscillations, ts is the phase of the
seasonal oscillations (-0.5 < t; < 0.5) denoting the time of
year corresponding to the start of the convex segment of
sinusoidal oscillation.

The winter point (WP), known as the slowest
growth period during the year, was calculated as:

WP =ts+ 0.5.

The goodness of fit (Rn) of the seasonal VBG
curves to the data was calculated as:

10

where ESP is the explained sum of peaks, and ASP
is the available sum of peaks.

Analysis of the seasonal length data were fitted to
length frequency distributions grouped in 0.5 cm TL size
classes using the ELEFAN procedure (non-seasonal and
Hoenig seasonal) in the LFDA ver. 5.0 (Kirkwood et al.,
2003).

Rn
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Growth performance comparisons were made using
the growth performance index (@) which is preferred rather
than using L., and K individually (Pauly & Munro, 1984) and
is computed as:

The growth performance index (@’), preferred
rather than using L. and K individually, was used for
comparison of growth performance (Pauly & Munro, 1984)
was calculated as:

@’ =logio(K) + 2 10g10(Lss).

Maximum life span for females and males were
calculated using the empirical equation proposed by Taylor
(1958) as:

The empirical equation proposed by Taylor (1958)
was used for calculation of maximum life span for females
and males as:

As=tor 23

where, Ags is the life span as the time required to
attain 95% of L., calculated from the Hoenig seasonal VBG
equation.

Spawning period: The spawning period was
graphically determined for both sexes by the monthly
variation of the mean values of the gonadosomatic index
(GSI) as:

GSI = m><100
W

2.996

t, +

where, Wy is gonad weight (g), W is total black goby
weight (g).

Size at sexual maturity (Lm): The size at sexual
maturity (or the length at which 50% of a population become
sexually mature for the first time) for black goby was
calculated from the following empirical equation suggested
for Ray-finned fish by Binohlan & Froese (2009):

logLm=-0.1189 + 0.9157 * log(Lmax),

where, Lmax is the observed maximum total length.

RESULTS

Population structure: A total of 568 (233 female
and 335 male) specimens were sampled. The total length
ranged between 2.2 and 12.1 cm (mean 5.7 + 0.1 cm, 95%
conf.: 5.4-6.0 cm) for females and 2.1 and 14.6 cm (mean
5.9+ 0.1 ecm, 95% conf.: 5.7-6.2 cm) for males (Figure 2).
The difference between the mean total lengths is statistically
insignificant (P= 0.324). Length frequency distribution
(LFD) between sexes were not significantly different
(Kolmogorov-Smirnov two-sample test; d= 0.672, P=
0.550). The mean TL and also LFD were not significantly
different between sexes (P > 0.05). Therefore, the Hoeing
seasonal and non-seasonal VBG parameters were estimated
for combined sex and are shown in Table 1.



Bilgin & Onay, 5(4), 466-474, (2020)

10.0
Frequency (%)

Rusil

25| 3 f35( 4 fas5] 5

8.0

60 OFemales O Males

—i_

55( 6 |[65) 7

4.0

20

0.0

12 125135 14 145 15
Total length (cm)

95 Ln."-wﬂ'«-d

20
-4.0

-6.0

-8.0

-10.0

Figure 2. Length frequency distribution of females and males for
Gobius niger around Rize province in the Southeastern Black Sea.

Table 1. The Hoenig seasonal and non-seasonal von Bertalanffy
growth curve parameters estimated from the ELEFAN model and
maximum life span for Gobius niger.

ELEFAN Based Growth Model

Parameters Hoenig Seasonal Non-Seasonal
L. (cm) 11.9 121

K (year?) 0.701 0.680

to (year) -0.399 -0.540

ts -0.008 -

WP 0.492 (June) -

(o} 0.633 -

Rn 0.525 0.409

D' 1.997 2.001

Ags (year) 3.9 3.9

Length Class (am)

Length Class (cm)

0.50
Sample Timing

0.25 0.75 1. 1.25

Figure 3. Length frequency distribution of Gobius niger with the
Hoeing seasonal (A) and non- seasonal (B) von Bertalanffy growth
curves (lines).

Growth curve parameters: Asymptotic total length and
growth coefficient parameters were calculated as almost similar
values for both seasonal (L».= 11.9 cm TL, K= 0.701 year™) and
non-seasonal (L»=12.1 cm TL, K= 0.680 year) version of growth
curve. The seasonal oscillations in growth was calculated as C=
0.510 and the start of the slowest growth period was estimated in
June (WP= 0.492) (Figure 4). The Rn value of the non-seasonal
growth curve improved 28.36% (Figure 3) when the seasonal
growth curve was fitted, indicating that, at last for our data, black
goby exhibits seasonal growth pattern. Growth performance indices
(@) derived from seasonal (1.997) and non-seasonal (2.001) VBG
parameters were fairly similar (Table 1). Maximum life span was
also estimated as 3.9 years for both seasonal and non-seasonal
version of the VBG curve parameters.
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Figure 4. Winter point (Wp) of the Hoenig seasonal von
Bertalanffy growth curves for Gobius niger in the Southeastern
Black Sea.

Spawning period: The GSI ranged between 0.60 in
December 2012 and 8.57 in April 2013(mean = 3.82 £ 0.82,
95% conf.: 2.05-5.58) for females and 0.61 in October 2013
and 2.90 in May 2013 (mean = 1.70 = 0.26, 95%conf.: 1.13-
2.27) for males. The differences between the mean GSI
values of females and males were significantly different (P=
0.0198). Female GSI values increased gradually from
December to April and decreased gradually from April to
August. Male GSI values increased from December to
February and remain similar up to June (Figure 5b, c). These
monthly variations of GSI values indicating that, at least for
our data, the intensive spawning probably occurred between
April and August. During these five months in spawning
time, the mean GSI values of females (6.037 + 1.177) was
about 2.91 times higher than the mean GSI values of males
(2.079 £ 0.423) (P=0.0133).
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Figure 5. Monthly variations in day light (hours), Sea Surface
Temperature (SST) (a) and in the Gonadosomatic index (GSI)
values of females (b) and males (c) for Gobius niger, between
December 2012 and November 2013 around Rize province in the
southeastern Black Sea. Vertical lines indicate standard error (SE).
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Day light, which was 13.5 hours in April, regularly
increases to reach the peak value in June (15.2 hours) and
than continues to decrease regularly and reaches 12.6 hours
in September. The sea surface temperature, which was
10.9°C in April, reaches its peak value (22.3°C) in August
and than continues to decrease regularly and reaches to the
lowest value in November (9.7°C) (Figure 5a). When both
water temperature and day light functions are considered
together, it is clearly understood that the monthly variations
of GSI values for both sexes are similar to day light variation
rather than sea surface temperature functions. In other
words, reproduction period is more related to day light rather
than sea surface temperature (Figure 5a, b, c).

Size at sexual maturity (Lm): The Ly, was estimated
from the empirical relationships between observed
maximum total length and size at maturity. Thus, L, was
estimated as 8.9 cm TL for both females and males.

DISCUSSION

Size and lifespan: The maximum total length of the
black goby was reported as 14.3 cm (4 years) for females and
16.5 cm (5 years) for males in the Adriatic Sea, north of
Ancona, Italy (Fabi & Giannetti, 1985), 14.0 cm (4 years)
for females and 15.2 cm (5 years) for males in the Aegean
Sea, Izmir Bay, Turkey (Filiz & Togulga, 2009), 14.4 cm (4
years) for females and 16.1 cm (4 years) for males in the
Marmara Sea, Turkey (Kirdar & Ismen, 2018). In the Black
Sea, around the Rize province, females obtained as 12.1 cm
and males 14.6 cm (4 years) (Table 2). As can be understood
from these explanations, in the different geographical
regions, male black goby individuals live one year more than
females and reach greater maximum length values as in the
Black Sea. In this study, the average length values of the both
sexes in the ages were not calculated. These calculations for
Black Sea goby stocks need to be supported by future
otolith-based growth studies. On the other hand, these
differences between males and female’s lifespan have been
explained since females aged 2* have already spent too much
energy during the reproduction activity, thus females are
exposed to more biological stress than males and
consequently only a few can survive their the 3™ and/or 4%
year of life (Joyeux et al., 1991; Silva & Gordo, 1997). This
situation can be interpreted as the females are exposed to
more natural mortality rates (M) than males (Memates >
Mmaies), especially after the breeding season. However, the
effect of biological stress (e.g. Lm, spawning duration and
frequency) on mortality of this bio-indicator of
environmental quality species (Maradonna & Carnevali,
2007; Barucca et al., 2006) should be studied in more detail
by participating in hydro-climatic conditions such as
temperature, salinity, turbidity, etc.

470

J. Anatolian Env. and Anim. Sciences, Year:5, No: 4, (466-474), 2020

Seasonal growth: In the Black Sea, together with
seasonal water temperature changes and food condition,
especially investments of energy in reproduction activity of
the fish are the some of the major factors causing seasonality
in growth (Bilgin et al., 2012, 2013). Therefore, both the
Hoenig seasonal and non-seasonal von Bertalanffy growth
models were applied for the black goby to obtain reliable and
suitable growth parameters. The growth rates of black goby
in the Black Sea are slightly high or similar when compared
with other populations except for North Sea, Norway (higher
latitude: 59°N) (Table 2). The observed growth rates (K>
0.68) indicate that examined species achieve asymptotic size
quickly, even faster some of the other populations with
different latitudes, such as Atlantic (38°N), North Sea
(59°N), Adriatic Sea (43°N), Aegean Sea (38°N) and Sea of
Marmara (40°N) (Table 2). The higher growth rate for black
goby was reported in the Ria de Aveiro Lagoon, Portugal
than higher latitudes (Arruda et al., 1993). These differences
among studies may have resulted from the difference
between biotic (e.g. intraspecific competition, prey,
predator, etc.) and abiotic factors (e.g. temperature, salinity,
turbidity, etc.) (Kovaci¢ & Patzner, 2012; Kara & Quignard,
2019).

To the best of our knowledge this is the first study
to calculate the Hoenig seasonal growth curve parameters by
using ELEFAN, to length-frequency data for the black goby.
When there is a seasonal growth pattern for gobies belonging
to the same family in a geographical region, the estimations
of L. and K may differ significantly between both the
seasonal and non-seasonal models. In the present study, the
non-seasonal VBG model provided mathematically and
biologically realistic results. However, when seasonality was
included (with the Hoenig model), more reliable values (Rn=
0.525) were obtained, which confirmed the seasonality in the
growth of the black goby. The Rn and C values with visual
growth curves (Figure 3, 4) evidenced that this species
exhibited marked seasonality in growth. Similar seasonal
growth pattern was also reported for different fish species
such as Anchovy, Engraulis encrasicolus (Linnaeus, 1758)
(Bilgin et al., 2013) and Whiting, Merlangius merlangus
(Linnaeus, 1758) (Bilgin et al., 2012) in the Black Sea. Since
there is no information in the literature reporting the
parameters showing seasonality in growth of the black goby,
we were unable to compare our findings with others.
However, the major factors that cause seasonality in the
growth of marine organisms belong to different taxa were
reported to be i) photoperiod, ii) variation in water
temperature and salinity fluctuating over the year, iii)
seasonal change in nutrient quality/availability, iv) energy
input into reproduction during the breeding season v)
intraspecific competition (Arruda et al., 1993; Bilgin, Ozen
& Samsun, 2009a; Bilgin, Samsun & Ozen 2009b; Olaya-
Restrepo, Erzini & Gonzalez-Wangiiemert, 2018). All these
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could be considered as the factors forcing seasonality in
growth of the black goby (Figure 3, 4) in the Black Sea. The
period of slowest growth (WP = 0.492) for the black goby
corresponded to June when the high reproduction activity

occurs. Since the growth rate of fish depends on the food
availability and temperature and also reproduction events,

J. Anatolian Env. and Anim. Sciences, Year:5, No: 4, (466-474), 2020

the slow growth of the black goby in June most likely could
be due to the result of the investment of energy in
reproduction inhibits growth. But, the effects of these factors
on seasonal growth should be detail examined in future
studies.

Table 2. Comparison of the VBG curve parameters (L, K, to), maximum length (Lmax, cm), maximum life span (tmax, year), size at sexual
maturity (Lm, cm) and WLRs parameter (b) for Gobius niger obtained in different areas. L., asymptotic total length (cm); K, growth
coefficient (year?); to, age at zero length; @’, growth performance index; M, males; F, females; C, combined (males+females). #: calculated
from @’ =10g10(K) + 210g10(L-). ®: Lm calculated from logLm =-0.1189 + 0.9157 x log(Lmax) empirical equation (Binohlan & Froese, 2009).

Parameters

Study areas Latitute  Sex = K B Lo o = b References
North Sea, Norway 59°N M 9.8 0.40 1.58 5 Nash, (1984)
F 9.1 0.48 1.60 5
Adriatic Sea, Italy 43°N M 18.5 0.30 -1.69 2.01 16.5 5 9.9 Fabi & Giannetti, (1985)
F 16.9 0.20 -2.57 1.74 14.3 4 8.7
C 3.14
Atlantic, Portugal 38°N C 16.7 0.34 -1.91 1.97 15.0 3 9.1 3.26  Silva & Gordo (1997)
Aegean Sea, Turkey 38°N C 14.6 0.46 -1.54 1.99 3 291  Ozaydmn et al., (2007)
Aegean Sea, Turkey 38°N C 16.8 0.39 -0.04 2.04 3.26  Kinacigil et al., (2008)
Aegean Sea, Turkey 38°N c 176 0.26 217 191 15.2 5 9.2 2.86  Filiz & Togulga, (2009)
M 16.7 0.30 -2.21 1.92 15.2 5 9.2 2.82
F 14.8 0.32 -1.46 1.85 14.0 4 8.5 2.74
Marmara Sea, Turkey 40°N C 15.3 0.36 -1.77 1.93 14.2 4 8.6 3.08 Kirdar & Ismen, (2018)
M 14.7 0.45 -1.39 1.98 16.1 4 9.7 3.34
F 14.9 0.35 -1.97 1.89 14.4 4 8.7 3.04
Black Sea, Turkey 41°N C 11.9 0.70 -0.40 2.00 14.6 4 8.9 3.54  Present study, the Hoenig
C 12.1 0.68 -0.54 2.00 14.6 4 8.9 3.54  Present study, non-seasonal
M 14.6 8.9 3.51
F 12.1 7.5 3.57

Table 3. Comparison of the spawning periods for Gobius niger in different areas. ®indicating reproduction period.

Spawning months

T F M A M J S O N D Latitude Study area References
° 59°N North Sea, Oslofjorden, Norway Nash (1984)
° ° 51°N North Sea, Veerse Meer, Netherlands Vaas et al. (1975)
o o ° 40°N Atlantic, Aveiro Lagoon, Portugal Arrudaet al. (1993)
e o ° 38°N Atlantic, Portugal Silva & Gordo (1997)
o o ° 43°N Mediterranean, Mauguio Lagoon, France Joyeux et al. (1991)
e o . 34°N Mediterranean, gulf of Gabes, Tunisia Hajji et al. (2013)
o o ° 43°N Adriatic Sea, north of Ancona, ltaly Fabi & Giannetti (1983)
o o . 45°N Adriatic Sea, Venetian Lagoon, Italy Immler et al. (2004)
o o . 38°N Aegean Sea, lzmir Bay, Turkey Ozaydin et al. (2007
o o . 38°N Aegean Sea, lzmir Bay, Turkey Kinacigil (2008)
o o . 38°N Aegean Sea, lzmir Bay, Turkey Filiz & Togulga (2009)
o o . 40°N Marmara Sea, All coasts, Turkey Kirdar & Ismen (2018)
o o ° 41°N Black Sea, Rize coast, Turkey Present study

Spawning period and size at sexual maturity

The reported spawning periods for the black goby
from different geographical areas and latitudes is shown in
Table 3. Our results showed spawning period of the black
goby lasted at least for five months in the Black Sea
population (latitude: 41°N), and this is in accordance with
the Fabi & Giannetti, (1983)'s results in the Adriatic Sea,
north of Ancona, Italy (latitude: 45°N). Furthermore, we
realized that the variations of GSI values for both sexes of
black goby coincide with the increase and decrease of
daylight (Figure 5a, b, c¢). This result showed that the
reproductive activity in the study area was related to
daylight rather than temperature. Although spawning
varies by region, it generally starts with spring and gains
intensity in summer and ends in the first month of autumn
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(September) (Table 3). However, spawning activities
continue from 3 months in the North Sea, Oslofjorden,
Norway at higher latitude (59°N) (Nash, 1984) to 8 months
in the Aegean Sea, Izmir Bay, Turkey at lower latitude
(38°N) (Filiz & Togulga, 2009) (Table 3), depending on
the regions and/or latitudes. According to Vaas et al., (1975)
spawning begins when the temperature reaches 12°C in the
North Sea, Veerse Meer, southern west Netherlands
(latitude: 51°N). The period was much shorter (about three
months) in higher latitudes, in the North Sea coast of
Norway (Nash, 1984), suggesting that the spawning period
extent of the black goby was mainly determined by day
light length and water temperature. However, reproduction
cycle of the black goby is also affected by food condition
(Kara & Quignard, 2019).
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It has been reported that male individuals show
different reproductive behavior characteristics (Mazzoldi
& Rasotto, 2002). In the Venetian lagoon, three types of
males (large, small and intermediate) were defined
according to their reproductive behavior. Namely, large
males (> 9 cm TL) are nest-makers, aged 2 years or older.
Small males (6-8 cm TL) are not nest-makers and gravitate
around the nests of large males. Intermediate males behave
either like sneakers or like nesting males, depending on the
availability of nests and the level of competition between
males (Mazzoldi & Rasotto, 2002). In addition to these,
male reproductive behaviors were not examined in this
study, and it is important to examine the reproductive
behavior of male individuals in future studies in the Black
Sea region.

Geographic variations may affect the size of sexual
maturity within a species (Kovaci¢ & Patzner, 2012; Kara
& Quignard, 2019). The size of sexual maturity (Ln) was
estimated as 8.9 cm TL for the black goby in this study. In
other black goby populations, both smaller and larger in
size than our study, L, was estimated as 4.3 cm TL in males
and 5.4 cm in females (about 7 to 12-13 months) in the
Mauguio lagoon, France (Joyeux et al., 1991), as 6.0 cm
TL (0* age) in the Ria de Aveiro lagoon, Portugal (Arruda
et al., 1993), as 7.8 TL cm about 0.86 years for females in
the Izmir Bay, Turkey (Filiz & Togulga, 2009) and 9.4 cm
TL at one year in the Marmara Sea, Turkey (Kirdar &
Ismen, 2018). In the Gulf of Gabés (Tunisia,
Mediterranean), L, was estimated as 10.1 cm TL in males
and 9.7 cm in females (Hajji et al., 2013).

In conclusion, the presently reported study provides
the first information on the seasonal growth, spawning
period and size at maturity for the black goby in the Black
Sea. The seasonal growth was more pronounced in the
black goby, probably due to reproduction activity which
extended investment of energy in reproduction causing
slower growth of individuals. Reproduction period of the
black goby in the Black Sea population was longer than the
population in the Oslofjorden, Norway and in the Veerse
Meer, Netherlands in the North Sea (Nash, 1984; Vaas et
al., 1975) and in the Aveiro Lagoon, Portugal in the
Atlantic (Arruda et al., 1993). The gonad development was
initiated by photoperiod; whereas the duration of the
breeding season was determined by water temperature
depends on latitude levels. The results of this study were
offered as biological input parameters regarded as a
reference for the conservation and management of the
Black Sea stocks of the black goby.
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