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ABSTRACT

In this study, the population parameters of red mullet Mullus barbatus ponticus Essipov, 1927in the south-eastern Black Sea
were studied. A total of 965 specimens were studied between November 2017 and September 2018. The total length of the
specimens ranged from 9.5 to 21.0 cm (13.74+0.048 cm), while weight varied between 9.00 and 111.14 g (28.00+0.349 g).
Their ages were between 1 to 4 and 79% of fish were 2 and 3 years old. Sex ratio (M:F) was determined as 1:1.42.
The mean condition factor K was 1.03+0.003. Length-weight relationship and von Bertalanffy growth equations were
W=0.0059*L321% and Lt=36[1-¢0741(3979] respectively. Total, natural and fishing mortality rates were Z=0.878 year!,
M=0.238 year ! and F=0.640 year’, respectively. The exploitation rate was calculated to be E=0.729, which is above the

optimum exploitation level.
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Introduction

Red mullet Mullus barbatus ponticus Essipov, 1927
is a demersal species that inhabits sandy and muddy
bottoms of the continental shelf of the Mediterranean
Sea, including the Black Sea and also the eastern Atlantic
from Scandinavia to Senegal (Fischer et al., 1987).
It is a commerially important fishery resource in Turkey,
exploited by bottom trawling and small-scale fisheries in
the Black Sea and has significant economic value. In 2017,
the total catch of red mullet was 1476 t which was 11.4%
of the demersal fish production of Turkey (TUIK, 2018).

Various aspects of its biology and population
dynamics have been documented, including studies on
reproduction, age, growth and stock identification (Sahin
and Akbulut, 1997; Genc, 2000, 2002; Metin, 2005; Polat
et al., 2005; Saygun et al., 2006; Kalayc1 and Cicek,
2012; Erdem, 2018; Yildiz ef al., 2018). Age and growth
parameter estimation are fundamental prerequisities for
stock assesment (Castro and Lawing, 1995). This study
attempts to update information on age and sex distribution,
growth, condition, mortality and exploitation rate of
M. barbatus ponticus population in the south-eastern
Black Sea system to aid better management practices for
sustainable use of this localised fishery resource.

Materials and methods

Samples of red mullets (M. barbatus ponticus) were
collected monthly from commercial coastal gillnets
operated along the south-eastern Black Sea coast
of Turkey (especially landing at Ordu fishing port)

between November 2017 and September 2018 (Fig. 1).
Total length and weight of the samples were measured
to the nearest 0.1 cm and 0.01 g and sex was determined
by gonadal examination. The sagittal otoliths for age
determination were removed, wiped clean and stored dry.
Otoliths were immersed in alcohol in a petridish with a
black background and observed under a stereoscopic
microscope.

Length-weight relationship (LWR) was estimated
using the formula: W=a*TL®, where L is total length (cm),
W is weight (g), a and b are constants (Ricker, 1975).
The Student’s t-test was used for comparison of derived
slopes with the isometric value, 3 (Zar, 1999). Fulton’s
Condition Factor (K) was calculated from the equation
given by Fulton (1902): K=(W/L*)*100. Growth in length
was computed using the von Bertalanffy equation (VBGF)
(Beverton and Holt, 1957; Ricker, 1975): L=L_[1-e"
““9)], where L is the total length at age t, L is asymptotic
length (cm), k is the growth rate (year'), t is the age (year)
and t, is the hypothetical age (year) at zero length (Sparre
and Venema, 1992; King, 1995). The growth performance
index (@) was estimated using the equation given by
Munro and Pauly (1983): ®’=log K+2*logl , where
K and L_ are VBGF parameters.

Natural mortality of M. barbatus ponticus was
computed from multiple regression formula: InM=-0.0152-
0.279%InL_+0.6543"InK+0.463"InT (Pauly, 1980), where
M is natural mortality in a given stock, L and K are VBGF
parameters and T is the annual mean temperature (°C)
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Fig. 1. Map showing the study area

of the seawater, taken as 16°C. Total mortality (Z) was
estimated from the mean size in the catch following
Beverton and Holt (1957) from the equation Z=K (L _-
L L, .-L)whereL=L".L_ _ (Erkoyuncu, 1995)and
L’ were assumed as 14.8 and 13.0 cm respectively. Fishing
mortality (F) was estimated from F=Z-M. Exploitation
rate (E) was computed as E=F/Z. All the means were
given with standard error (+SE).

Results

A total of 965 fish were sampled within the study
period and females (58.7%) were more abundant than
males (41.3%). The sex ratio (M:F) was found as 1:1.42
and this difference was not statistically significant
according to the Chi-square test, so it can be said that sex
ratio is 1:1 in the red mullet population.

(10.0-19.0), 25.21+0.43 g (9.00-66.22) and 13.74+0.05 cm
(9.5-21.0), 28.00+0.35 g (9.00-111.14), respectively
(Table 1).

Length-weight relationship was derived as
W=0.0071*L3!3for females, W=0.0057*L32%* for males
and W=0.0059*L32!% for sexes pooled (Fig. 3). The slopes
(b) of the LWR differed significantly between sexes (p<0.05).
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The samples were grouped densely between 12 9 10 11 12 13 14 15 16 17 18 19 20 21
and 15 cm (Fig. 2). Females were abundant in majority Total length (cm)
of length groups. Mean lengths and weights for female,
male and both sexes were calculated as 13.88+0.07 cm Overall, ® Female, ¥ Male
(9.5-21.0), 29.96+0.50 g (9.55-111.14); 13.53+0.07 cm Fig. 2. Length-frequency distribution of red mullet
Table 1. Age, mean total length and weight of red mullet
Age (Year) Sex N Length (cm) Weight (g)
Mean+SE Min-Max Mean+SE Min-Max
1 F 34 11.45+0.16 9.5-12.8 15.66+0.62 9.55-21.86
M 45 11.62+0.11 10.0-13.0 14.92+0.43 9.00-19.89
2 F 203 13.05+0.06 10.5-15.0 23.09+0.30 12.01-31.85
M 200 13.12+0.05 11.0-14.5 21.68+0.25 11.8-30.92
3 F 237 14.04+0.06 12.0-17.0 30.55+0.37 17.72-48.95
M 123 14.26+0.08 12.4-16.5 29.88+0.47 18.58-43.45
4 F 92 16.18+0.14 14.5-21.0 48.90+1.42 35.15-111.14
M 31 16.11+0.21 14.6-19.0 44.41+1.62 34.17-66.22
Total F 566 13.88+0.07 9.5-21.0 29.96+0.50 9.55-111.14
M 399 13.53+0.07 10.0-19.0 25.21+0.43 9.00-66.22
F+M 965 13.74+0.05 9.5-21.0 28.00+0.35 9.00-111.14
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Fig. 3. Length-weight relationships of M. barbatus ponticus population

The value of b for males, females and sexes combined
were significantly different from 3 (p<0.05) and were >3,
indicating positive allometric growth in red mullet.

Age groups of red mullet samples varied between
1 and 4 and 79.07% were 2 and 3 years old (Table 2).
Females were dominant in age group 3 (24.6%), followed
by the age groups 2 (21.0%), 4 (9.5%) and 1 (3.5%). Males
were abundant in age 2 (20.7%), followed by the ages
3 (12.7%), 1 (4.7%) and 4 (3.2%) (Table 1). Mean lengths
(cm) of ages 1,2, 3 and 4 were 11.55+0.092, 13.09+0.040,

Table 2. Age-length key of M. barbatus ponticus

Age groups
Total length (cm) 3 3 i Total
9 2 2
10 14 3 17
11 30 23 53
12 31 128 30 189
13 2 181 130 313
14 66 127 12 205
15 2 59 51 112
16 13 36 49
17 1 10 11
18 8 8
19 4
20 1 1
21 1 1
Total 79 403 360 123 965

14.11+0.048 and 16.16+0.114, respectively. Differences
between the mean lengths of male and female red mullets
were found statistically non-significant (p>0.05) for the
same ages.

The von Bertalanffy growth equation was derived
as Lt=36[1-e00741(39775)]  Growth performance index was
calculated as ®’=1.98. The age-length and age-weight
relationships of M. barbatus ponticus are shown in Fig. 4.
The relationships between length-at-age data (observed
mean lengths) and von Bertalanffy growth curves
(expected mean lengths) are given in Table 3. Observed
and expected values were not significantly different from
each other for overall samples (p>0.05).

Mean values of Fulton’s condition factor (K) at different
age groups for M. barbatus ponticus are shown in Table 4.
Mean values of the condition factors were 1.07+0.003
for female, 0.98+0.004 for male and 1.03+0.003 for
both sexes. Differences between K values of red mullet
for female, male and overall were found statistically
non-significant (p>0.05).

Table 3. Observed and calculated mean lengths of M. barbatus

ponticus
Age N Observed length (cm)  Calculated length (cm)
1 79 11.6 11.1
2 403  13.1 12.9
3 360 14.1 14.5
4 123 16.2 16.1
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Fig. 4. von Bertalanfty age-length and age-weight growth curves of M. barbatus ponticus population

Table 4. Age composition and Fulton’s condition factor in
different ages for red mullet

Age (Years)
1 2 3 4
N 79 403 360 123
Age (%) 8.19 41.76  37.31 12.75
F 1.03 1.03 1.09 1.13
K M 0.94 0.95 1.02 1.05

Overall 0.98 0.99 1.07 1.11

Mortalities (M, F and Z) and exploitation rate (E) of
red mullet were 0.238 year'!, 0.640 year', 0.878 year! and
0.729, respectively.

Discussion

Sex ratio in fish varies considerably from species to
species but in the majority of species it is close to 1:1. It
differs from one population to another of the same species
and may vary from year to year in the same population
(Nikolsky, 1963). In the present study, sex ratio was
1:1.42. The sex ratio of red mullet was reported as 1:1.5
by Turker and Bal (2018); 1.08:1 by Y1ldiz and Karakulak
(2016); 1:0.85 by Erdem (2018) and 1:0.81 by Talet ef al.
(2016) for some populations of the same species.

Average total length and weight was determined as
13.744+0.05 cm and 28.00+0.35 g. The maximum recorded
total length was 21 c¢m in the present study. The maximum
length was reported as 21.9 cm by Ak et al. (2009) and
21.5 ecm by Aydin and Karadurmus (2013) for red mullet
from Black Sea (Table 5). The LWR estimated in the
present study indicated positive allometric growth, which
is in agreement with earlier observations (Table 5) which
reported ‘b’ values between 2.9717 and 3.21.

The red mullet is a moderately short-lived demersal
fish and catches consist predominately of younger ages
(Yildiz and Karakulak, 2016). The age composition of
red mullets in the present study ranged from 1 to 4 and 2
and 3 ages accounted for the majority of the population.

Aydin and Karadurmus (2013) reported similar results that
age groups of 2 and 3 accounted for majority of the red
mullet population in the Eastern Black Sea. The oldest
indivudual in this study was 4 years whereas in previous
studies the age of the oldest fish was reported as 9 years by
Genc (2000) and 7 years by Aydin and Karadurmus (2013)
in the Eastern Black Sea.

The L value obtained in our study was considerably
higher than the values reported in previous studies (Table 6).
On the contrary, the k value (0.0741 year') was found
to be very low. The k values between 0.05 year! and
0.15 year! indicate slow growth of fish population (Froese
and Pauly, 2009). These comparisons show that the red
mullet population in the south-eastern Black Sea exhibits
slower growth compared to populations of the same
species in many other habitats. The growth performance
index (®’) in earlier reports ranged between 1.99 and 4.50
(Table 6). The @’ value (1.98) estimated in the present
study conforms to these observations.

Natural mortality is related to all possible causes of
death, except fishing. A species can present different rates
of natural mortality in different areas depending on the
density of predators and/or competitors whose abundance
may also be influenced by fishing activities (Sparre and
Venema, 1998). The mortality rate (M) in this study is
lower than that reported in previous studies (Table 7).
However, the fishing mortality and exploitation rate were
higher, indicating that the red mullet population in the
south-eastern Black Sea is likely overexploited.

These results of the present study indicate that the
red mullet is exposed to high fishing pressure in the
south-eastern Black Sea. Due to its high commercial
value, management plans to sustain the stock of
M. barbatus ponticus in the region are needed. Further
studies involving stock assessment and continuous
monitoring of the fishing pressure are recommended.
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Table 5. LWR records of M. barbatus ponticus in the South-eastern Black Sea

Authors N Lo W, a b 2 Growth

Ak et al. (2009) 714 6.1-21.9 2.08-161.14 0.007 3.139 0.990 -

Aksu et al. (2011) 699 7.3-18.7 17.91+0.51 0.0107 29717 0.99 -

Aydin and Karadurmus (2013) 1435 6.4-21.5 2.09-105.40 0.0088 3.0338 0.97 -

Kasapoglu and Duzgunes (2014) 2693 5.3-19.0 1.20-73.40 0.0074 3.123 0.962 -

Yildiz and Karakulak (2016) 4928 6.3-18.9 3.62-62.42 0.0109 2.9886 0.94 Isometric

Samsun (2017) 1301 8.2-20.2 5.6-86.5 0.008 3.1076 0.9591 Positive allometric
Samsun et al. (2017) 1602 8.2-19.8 5.6-86.5 0.007 3.15 0.95 Isometric

Erdem (2018) 229 8.7-14.4 6.4-29.4 0.0102 2.9903 0.979 -

Turker and Bal (2018) 1021 6.9-14.5 2.60-31.36 0.0059 3.21 0.93 Positive allometric
Present study 965 9.5-21.0 9.00-111.14 0.0059 3.2166 0.95 Positive allometric

Table 6. von Bertalanffy growth parameters and growth performance index values (®’) of red mullet from different studies

Reference L, k t, P’ Study period
Samsun and Ozdamar (1995) 29.49 0.104 -3.222 4.50 1994-1995
Celik and Torcu (2000) 26.08 0.127 -3.5354 - 1996-1997
Genc et al. (2002) 24.22 0.218 -1.710 2.10 2000
Ozbilgin et al. (2004) 24.26 0.565 -0.305 2.52 2002

Aydin and Karadurmus (2013) 27.40 0.140 -2.351 2.02 2010-2011
Yildiz and Karakulak (2016) 24.10 0.171 -1.981 1.99 2012-2014
Samsun (2017) 19.21 0.68 -0.13 - 2016-2017
Present study 36.00 0.0741 -3.9775 1.98 2017-2018

Table 7. The natural, fishing, total mortality and exploitation rates of red mullet derived from different studies

Natural mortality M Fishing mortality F Total mortality Z Exploitation rate E
Authors
(year) (year") (year™) (year)
Geng et al. (2002) 0.37 1.93 2.30 0.84
Aksu et al. (2011) 0.68 0.60 1.28 0.47
Yildiz and Karakulak (2016) 0.45 0.86 1.32 0.65
Talet et al. (2016) 0.794 0.786 1.580 0.49
Samsun (2017) 0.335 0.398 0.733 0.54
Present study 0.238 0.640 0.878 0.729
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