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ABSTRACT

Knout goby, Mesogobius batrachocephalus Pallas, 1814, which belongs to Gobiidae, inhabits in
the Black Sea, Sea of Azov, the Caspian Sea and the rivers that flow in these three seas. The major
population parameters and morphometry of Mesogobius batrachocephalus from the coasts of the
southern Black Sea were investigated in this study. A total of 641 individuals were sampled be-
tween January 2019 and December 2019 between the depths of 2 to 120 m depth by using a tram-
mel net with a mesh size of 17-24 mm. The average length and weight values were calculated as
23.1 cm (5.3-34.0) and 130.1 g (1.34-377.54) respectively. The male to female ratio of the popu-
lation was found as 1:0.91 (P>0.05). Age of sampled 641 individuals varies between zero and
seven. For all the sampled individuals, the von Bertalanffy growth parameters were calculated as;
L. =38.2 cm, k = 0.245 year and to = -1.873 year and the length-weight relationship was found
as W =0.0058 TL*!*8, Total mortality (0.481), natural mortality (0.466), fishing mortality (0.015),
growth performance index (2.55) and condition factor (0.913) were calculated. The maximum
value of gonadosomatic index was reached in March. Average relative fecundity was found to be
118.3 eggs per g (78.9-234.5), while the average diameter of the eggs was found as 2733.0 pm
+221.18 (2287.1-3097.8). This study provides the first data on the population parameters and the
morphometry of Mesogobius batrachocephalus. These data could contribute to the establishment
of a sustainable management plan for fisheries resources in the Black Sea.
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Introduction

The knout goby (Gobiidae) family, Mesogobius batracho-
cephalus (Pallas 1814), inhabits in the Black Sea, Caspian
Sea and temporarily inhabits marine waters (Freyhof, 2011;
Pinchuk et al., 2004). Among this ecologically diverse spe-
cies group, knout goby (Froese and Pauly, 2019), is a Black
Sea endemic fish found on sandy or rocky bottoms of inshore
habitats, estuaries and brackish/fresh water lagoons (Freyhof,
2011). There are 34 (17.99%) endemic fish species in the
Black Sea. Seventeen of 34 endemic fish species in the Black
Sea belong to the Gobiidae (Yankova et al., 2014). The knout
goby has a certain commercial value (Freyhof, 2011) as well
as in Turkish coast of Black Sea (Pers. Obs. Dr. Mehmet AY-
DIN). There were some studies focusing on the length-
weight relationship of knout goby for the Turkish coasts of
the Black Sea (Demirhan and Can, 2007; Ak et al., 2009;
Calik and Erdogan-Saglam, 2017; Bengil and Aydin, 2020)
and some studies related to the feeding ecology of the knout
goby of the Black Sea (Porumb, 1961; Banarescu, 1964;
Mihalcescu, 2005; Creteanu and Papadopol, 2006; Rosca and
Surugiu, 2010; Rosca and Méanzu, 2011; Bengil and Aydmn ,
2020).

This study aims to contribute to the limited knowledge on the
knout goby morphometry and its population parameters in-
habiting the southern Black Sea. The main population param-
eters (age, length and weight relationships, sexual composi-
tion, growth, condition factor, and gonadosomatic index and
morphometry properties) of M. batrachocephalus from
coasts of the southern Black Sea are determined in this study.
This is the first attempt to study on M. batrachocephalus in
the Ponto-Caspian region and certainly will provide a signif-
icant contribution to the current literature and very important
in terms of observation of the population.

Material and Methods

Samples of knout goby were collected monthly (January 2019
- December 2019) between the depths of 2 to 120 m depth by
using a trammel net with a mesh size of 17-24 mm, which is
commonly used by the fishermen of the southern coasts of the
Black Sea (41°08°41.93”N - 37°17°41.29”E  and
40°57°55.68”N - 38°07°24.97”E) (Figure 1). Samples were
brought straight to the laboratory and morphological
measurements were conducted while they are fresh. Total
length measurements were performed by using a measuring
board with a accuracy of 1 mm, while the weight and gonad
weight (GW) measurements were made on an electronic scale
with a accuracy of 0.01 g. Sex determinations were made
through macroscopic observation of the gonad.

Length and Weight Relationships (LWRs)

LWRs of'the species was estimated by applying the exponen-
tial regression model, W = aTL®, where g and b are regression
constants (Ricker, 1975). LWR was analyzed separately for
males and females. The regression co-efficient for isometric
growth is “3”, while values greater or lesser than this value
indicates an allometric growth. Regression analysis was used
to estimate the confidence interval of “b” value and statistical
relationships of morphometric measurements.

Age Determination

Sagittal otoliths of each specimen collected in this study were
used for age determination. Otoliths were prepared for age
determination and placed into a black pit plate. Stereomicro-
scope (up to X10 magnification) was used with illumination
from top and side.
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Figure 1. Study area
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Growth Parameters

The von Bertalanffy growth equation (VBGE) was used to
describe the growth of M. batrachocephalus for the total
number of individuals sampled (King, 1995; Sparre and
Venema, 1992). L = Lo(1-e™* “®), where L, is the total
length at age t, L is the asymptotic length, k is the growth
coefficient, and to is the theoretical age when the fish was at
zero total length. The same function was also used for
describing the growth in weight; W= W(1-e *“)° where
W. is the total weight, W, is the asymptotic weight, and “b”’
is the power constant of the length-weight relationship.
Values of L., toand K, which are parameters of the VBGE,
were estimated by using the method of Ford-Walford
(Gulland, 1969; Pauly, 1984). Growth parameters were
estimated by using following formulas (King, 1995; Sparre
and Venema, 1992): L. =a/(1-b), k=-Lnb, ty=t + (1/k)*Ln
[1-(Lt/ Lo)].

Munro’s phi-prime growth performance (9') was calculated
by using the formula of Pauly and Munro (1984):
@'=Log(k)+2*Log(L).

Condition Factor

Fulton’s coefficient of condition factor (CF) of M.
batrachocephalus was calculated monthly by the equation
CF = (W/TL% x 100 (Ricker, 1975).

Gonadosomatic Index. Monthly values of the gonadosomatic
index (GSI) were calculated for each sex.

GSI=(GW /W) x 100 (De Vlaming et al., 1982).
Fecundity

Eggs of female individuals were collected and counted in
March, when GSI reached the maximum in spawning season.
A total of 33 individuals were examined for this purpose.
When the relevant individuals were caught, gonads were
collected, and eggs in ovaries were counted, immediately.
Subsamples were counted using the gravimetric method, and
the total number of eggs were calculated according to the

following formula (Holden and Raitt, 1974): F = S Xn,

where; F is the total number of eggs in the ovary, G is ovary
weight (g), g is the weight of the subsample taken from the
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ovary (g), and “n” is the total number of eggs (including
previtellogenic oocytes) in the ovary. It should be noted that
only the mature oocytes (Lowerre-Barbieri et al., 2011) were
taken into account while measuring the egg diameters.

Mortality Rates

Natural mortality (M) was computed by the equation (Pauly,
1980):

Log M =-0.0066 — 0.2790 Log L.+ 0.6543 Log k + 0.4634
LogT

Where T is the average water temperature (15°C) of the
southern Black Sea. Fishing mortality (F) was estimated as
F =Z — M by Beverton and Holt (1957), where Survival rate
(S) can be computed from the equation: S =e“" (Ricker,
1975) and the total mortality rate (Z) was calculated using the
survival rate (S), as follows: Z = —In(S) (Ricker, 1975;
Gulland, 1969).

Morphometry

Ninety-four individuals were sub-sampled to determine the
morphometric characteristics. Fourteen morphometric meas-
urements of M. batrachocephalus were performed. These are:
1. Total length (TL), 2. Standard length (SL), 3. Head length
(HL), 4. Post-orbital distance (POD), 5. Eye diameter (ED),
6. Pre-dorsal distance (PDD), 7. Length of D1 fin basis
(D1L), 8. Length of D2 fin basis (D2L), 9. Pre-anal distance
(PAD), 10. Length of anal fin basis (AL), 11. Max. body
depth (MBD), 12. Caudal peduncle minimal depth (CPMD),
13. Pectoral length (PecL), 14. Pelvic length (PelL) (Figure
2). Digital caliper with 0.01 cm accuracy was used for mor-
phometric measurements. Fourteen morphometric characters
were evaluated as TL %. Regression analysis of differences
body parts against TL of the fish were drawn by least square
method.

Statistical Analysis

The Pauly’s t-test was used to compare the “b” values (Pauly,
1984) to determine whether there is any significant difference
or not and chi-square test were used to compare sex in this
study. Statistical applications were performed by using
software of Microsoft Office Excel® and SPSS 18" package
programme.
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1. Total length

2. Standard length

3. Head length

4. Post-orbital distance

5. Eye diameter

6. Pre-dorsal distance

7. Length of D1 fin basis
8. Length of D2 fin basis
9. Pre-anal distance

10. Length of anal fin basis
11. Max. body depth

12. Caudal peduncle minimal depth

13. Pectoral length

14. Pelvic length

Figure 2. Overview of the morphometric measurements used in this study

Results and Discussion
Length-Frequency Distribution

A total of 641 individuals of knout goby species were ob-
tained from the depths between 2 to 120 m during this study.
The highest frequency belongs to 19-20 cm length group with
98 individuals (15.3 %). Minimum length was measured as
5.3 cm, while the maximum individual was 34.0 cm. Fre-
quency distribution for each length group and the monthly
variation of the length-frequency distribution are presented
in Figure 3 and Figure 4, respectively.

Sex Composition

The percentage of total female and male individuals obtained
during this study was calculated as 47.74 % (306) and 52.26
% (335) respectively, which concludes a male to female ratio
of 1:0.91. The difference between the sex was found to be
statistically insignificant (y>= 1.312, df= 1, P>0.05).

Length and Weight Relationship

The length-weight relationship for all individuals and for sep-
arate sexes is shown in Figure 5. Statistical descriptions of
length and weight were presented in Table 1. Results showed
positive allometry (b>3) for both clusters of the male, female
and the total individuals (P>0.05) (Figure 5).

Age Composition

Sampled individuals have an age range of zero to seven. One
year age group has presented with the highest frequency with
a percentage of 39.0 %, while the percentage of the two oldest

age group of 6 and 7 were found to be only 4 and 1 respec-
tively (Table 2). Total number of the individuals in 0 age
group was found to be 19 with a percentage of 2.96 %.

Von Bertalanffy Growth Parameters

Growth parameters of von Bertalanffy and equations were
calculated and presented in Table 3. Growth performance
value (') was estimated as 2.55. Estimated and observed
values of length age relationships were presented in Figure
6.

Spawning Period

The value of GSI in females started to increase by January
and reached its peak value in March indicating that
the spawning occurs in March. The average value of GSI for
the female cluster is 20.96 in March, while the minimum
value of GSI was found as 0.32 for September. Overall
average value of GSI for female individuals was found as
4.70 £6.32. Overall pattern of the GSI variation displays a
similar behavior for male and female clusters, while the GSI
value for the male cluster is systematically lower than the
female one (Figure 7).

Fecundity

A total of 33 female individuals were examined in March
for fecundity. Size of the individuals varies between 18.0
cm and 32.7 cm in length, and 56.0 g and 372.9 g in weight.
A mini-mum and maximum value of total number of the
eggs was estimated as 1707.7 and 9209.5, respectively.
Average fecun-dity was calculated as 4253.6 +1563.53.
Relative fecundity was found to be 118.3 number/lg
(48.9-234.5). Average di-ameter of eggs was measured as
2733.0 um £221.18 (2287.1-3097.8).
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Condition Factor

The average condition factor of M. batrachocephalus
was calculated as 0.913 +£0.06 (0.827-1.017) for all, 0.897
+0.07 (0.778-0.994) for male and 0.928 +0.07 (0.850-1.061)
for female (Figure 8).

Mortality

Mortality parameters are the most important indicators for the
assessment of the decrease in stocks. Total mortality rate (Z)
was found as 0.481, while the survival rate (S) was calculated
as 0.618. Natural mortality rate (M) was calculated by using
growth parameters of the species and average temperature at
depth that species live. Assuming an average habitat depth of
30 £15 m with an average sea temperature of 13°C for this
species and utilizing the Pauly’s approach M and F were es-
timated as 0.466 and 0.015, respectively.

B Female m Male

Number of fish
w
o

Morphometric Characteristics

Ninety-four individuals were sub-sampled to determine the
morphometric characteristics of the species. The average
length and weight of the sub-sampled group were calculated
as 23.5 c¢cm (9.1-33.4) and 127.78 g (5.91-337.76) respec-
tively. The means, standard errors, minimum and maximum
values of the morphometric characteristics of the sub-
sampled group were given in Table 4. Also, the
morphometric properties of the M. batrachocephalus were
proportional to the total length and the smallest ratio was
eye size (3.7%) and the highest ratio was the standard size
(85.4%).

The relationships between the morphometric characteristics
and the total length were analyzed with linear regression
equations. Correlation coefficients for morphometric
lengths-total length relationships were given in Table 5.

5 7 9 11 13 15 17 19 21 23 25 27 29 31 33

Length (cm)

Figure 3. Frequency distribution of total length of Mesogobius batrachocephalus in the Black Sea
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Figure 4. Monthly total length- frequency distributions of Mesogobius batrachocephalus in the Black Sea
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Figure 8. Monthly distribution of the Condition factor (CF) for Mesogobius batrachocephalus

Table 1. Total length and weight data of Mesogobius batrachocephalus for the total individuals and for separate sexes
Length (cm) Weight (g)
SD Min. Max.
77.63 134 377.54
75.00 1.34 372.90
80.05 591 377.54

Mean *£ gp Min. Max. Mean
All 23.1 T 475 5.3 34 130.1
Female 22.9 T 456 5.3 34 128.9
Male 232+ 493 91 334 1312

I+ 1+ 1+ W
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Table 2. Total length and weight data of the Mesogobius batrachocephalus for different age groups

Age () (M:aflc:l)SD) (Me‘:;l(:%)SD)
0 19 1396 *+ 263 2629 * 951
1 250 1916 * 232 6618 * 2894
2 142 2315 * 241 12240 * 3823
3 146 2744 + 196 20149 *  50.80
4 56 2836 * 1.19 21681 *  40.99
5 22 3049 * 095 257.08 + 4724
6 5 3236 * 0.69 29744 *+  54.78
7 1 3400 = 0.00 27278 *  0.00

Total 641

Table 3 Von Bertalanffy growth parameters and growth equations in Mesogobius batrachocephalus

Growth parameters Length-growth functions Weight-growth
P functions
Lo W K to b L(6)= L., (I- K (t-to)) W(t)= W.. (1-¢ K (t-to)_b
-0.2450(t+1.8735) ~0.2450 (t+1.8735) 3.148
38.2 43234 0.2450 -1.873 3.143 L(t)=38.2 (1-¢ (t ) W()=432.34(1-¢ (t )

Table 4 The morphometric characteristics of Mesogobius batrachocephalus

Characters Mean SE Min. Max. TL%
Total length (cm) 23.5 5.47 9.1 334 100
Standard length (cm) 20.07 4.66 8.2 28.4 85.4
Head length (cm) 5.77 1.35 2.6 8.4 24.6
Post-orbital distance (cm) 3.04 0.74 1.3 4.4 12.9
Eye diameter (cm) 0.87 0.19 0.5 1.3 3.7
Pre-dorsal distance (cm) 6.87 1.60 3.0 10.6 29.2
Length of D1 fin basis (cm) 2.96 0.81 1.1 4.4 12.6
Length of D2 fin basis (cm) 6.66 1.59 2.7 9.6 28.3
Pre-anal distance (cm) 11.94 3.02 4.8 17.4 50.8
Length of anal fin basis (cm) 5.05 1.10 2.1 7.4 21.5
Max. body depth (cm) 3.02 0.78 1.0 53 12.9
Caudal peduncle minimal depth (cm) 1.31 0.33 0.5 1.9 5.6

Pectoral length (cm) 3.66 0.88 1.6 5.8 15.6
Pelvic length (cm) 2.49 0.52 1.4 3.6 10.6
Total weight (g) 127.78  81.50 5.9 337.8 -

TL: Total length, SE: Standard Error, Min: Minimum, Max: Maximum
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Table 5. Regression relationships and formulas in morphometric characters

Regression formula

l.2

SL =0.8485TL + 0.1307
HL =0.2459TL — 0.0143
POD = 0.1324TL - 0.0759
ED = 0.0324TL + 0.1087
PDD =0.2901TL + 0.056
DIL=0.1448TL — 0.440
D2L =0.2873TL - 0.0889
PAD =0.5473TL - 0.9196
AL =0.1982TL + 0.3902
MBD = 0.1384TL — 0.2305
CPMD = 0.0583TL — 0.0636
PecL =0.1578TL — 0.0514
PelL=0.0919TL + 0.3338

0.994
0.988
0.973
0.880
0.984
0.968
0.983
0.985
0.979
0.941
0.941
0.961
0.936

Total length: TL, Standard length: SL, Head length: HL, Post-orbital distance: POD, Eye di-
ameter: ED, Pre-dorsal distance: PDD, Length of D1 fin basis: DIL, Length of D2 fin basis:
D2L, Pre-anal distance: PAD, Length of anal fin basis: AL, Max. body depth: MBD, Caudal
peduncle minimal depth: CPMD, Pectoral length: PecL, Pelvic length: PelL

The closest relationship was found between the total length
(TL) and standard length (SL) with a linear regression value
of r’=0.99 and the weakest relationship was found to be with
TL and the eye diameter (r*=0.88).

M. batrachocephalus is an endemic species of the Black Sea,
the Sea of Azov and Caspian Sea. It lives in estuaries, brack-
ish lagoons and occasionally in fresh waters (Freyhof, 2011;
Froese and Pauly, 2019) and it has a certain commercial value
(Patzner et al., 2011). In this study, all individuals were sam-
pled between the depths of 2- 120 m in the Southern Black
Sea coast. M. batrachocephalus was sampled 120 m depth.
Although Miller (1986) reported that M. batrachocephalus is
rarely found at a depth of 100 m, some of the samples of this
study was obtained from as deep as 120 m. Keskin (2012)
stated that the species exemplifies intensely at depths of 22-
52 m in the south-western Black Sea shelf. Even though the
species is endemic to the Black Sea, there are no studies fo-
cusing on the growth, population parameters, reproduction
and its morphometric characters. The majority of studies are
about the feeding habits limited to the region of the Romanian
coastal of the Black Sea (Porumb, 1961; Banarescu, 1964;
Mihalcescu, 2005; Creteanu and Papadopol, 2006; Rosca and
Surugiu, 2010; Rosca and Manzu, 2011). Only few works ex-
ist in the literature studying the length and weight relationship
in Turkey coast with less number of individuals when com-
pared with this study (Demirhan and Can, 2007; Ak et al.,
2009; Calik and Erdogan-Saglam, 2017).

A total of 641 individuals, 335 males and 306 females, of
knout goby were sampled during this study. Length of the
sampled individuals ranged from 5.3-34.0 cm and with a va-
riation in weight from 1.34 g to 377.54 g (Table 1). A
previous study conducted in the Black Sea is given Table 6.
It has been reported that this species can grow up to 20 cm
length and 200 g weight in the Azov Sea (URL, 1). Patzner
et al.,, (2011) indicated that the species may reach maximum
of length of 35 cm. In this study, a 34 cm length individual
is sampled. M. batrachocephalus is larger than the all other
goby species liv-ing in the Black Sea and the Azov Sea
(Engin, 2008, URL, 1).

Bengil and Aydin (2020) stated positive allometry growth for
M. batrachocephalus but Demirhan and Can (2007), Ak et
al., (2009), Calik and Erdogan-Saglam (2017) reported that
this species shows a negative allometry. However, in this
study, growth was found to have positive allometry (b>3)
(P>0.05). In these three studies relatively smaller individuals
(max: 23.5) were sampled, however 50.2 % of the obtained
individuals are larger than 23 c¢m in this study, thus resulting
in a higher “b” value as there are more mature individuals
sampled.

The allometric coefficient (b) may differ between sexes and
between juvenile and adult samples (Hartnoll, 1974).

The average egg diameter was calculated as 2733.0 pm in this
study. Egg diameter and fecundity data of Mesogobius genus
could not be found in the literature.
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Table 6. Growth parameters of previous studies from the Black Sea

References N  Lmin-Lmax a b r Region

Demirhan and Can (2007) 37 7.2-13.3 0.0203 2.750 0.930 Black Sea
Ak et al. (2009) 184 5.5-18.0 0.0240 2.736 0.913  Black Sea
Calik and Erdogan-Saglam (2017) 35 12.2-23.5 0.0149 2.776 0.920 Black Sea
Rosca and Manzu (2011) 227 16.1-22.6 --- --- --- Black Sea
Bengil and Aydin (2020) 470 12.6-31.8 0.0062 3.130 0.960 Black Sea
This study 641 5.3-34.0 0.0058 3.148 0.962  Black Sea

There had been published reports about egg diameters for an-
other goby fish, Neogobius melanostomus, habiting in the
Black Sea and has a smaller egg diameter than the knout goby
(Engin, 2008; Lavrincikova and Kovac, 2007; Horkova and
Kovac”, 2014). In this study, average fecundity of Mesogo-
bius batrachocephalus was calculated as 4253.6 (Min:
1707.7, Max: 9209.5). Engin (2008) reported average fecun-
dity as 1325 eggs, Lavrincikova and Kovac (2007) 557 eggs,
Horkova and Kovac™ (2014) 3512 eggs for N. melanostomus.

The reproductive time of the knout goby is during the spring
season (Banarescu, 1964; Berg, 1965; Rosca and Maénzu,
2011). In this study, it was shown that the reproduction took
place in March. Similarly, Engin (2008) reported a spawning
period in March for Neogobius platyrostris, Gobius paganel-
lus and Gobius cobitis in the Black Sea. Kottelat and Freyhof
(2007) mentioned that the species can reach a maximum of
age of 8. However, in the present study, the maximum age
was similarly found as 7.

In this study; total mortality, natural mortality and fishing
mortality rates were found as 0.481, 0.466 and 0.015, respec-
tively. These are first time results for M. batrachocephalus in
the literature. The fact that the fishing mortality rate (0.015)
being close to zero indicates that there is no fishing pressure
on this species (Simpfendorfer et al., 2005). Morphometric
characteristics of this species were also first added to the lit-
erature by this study.

Conclusion

The species is one of the discard species catch of the coastal
fisheries of the Black Sea and has become more abundant in
the discard composition. Due to its large size, it has a certain
commercial value in some regions and is popular for sport
fishers (Patzner et al., 2011). It has also sold at fish markets.
Thus, this species has become a potential commercially val-
uable fish for coastal fisheries on the Black Sea coast of Tur-
key. Aim of this study is to contribute to the limited
knowledge of knout goby population parameters and its mor-

phometry inhabiting Southern Black Sea. This is the first ma-
jor population parameter information of M. batrachocepha-
lus. Knowledge of this information has a great importance for
fisheries managers, decision makers (General Directorate of
fisheries) and marine scientists.
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