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ABSTRACT

Morphological characteristics such as meristic counts and body shape have long been used in
stock identification. Fifty striped seabream, Lithognathus mormyrus, individuals were sampled
from the south Black Sea between January 2020 and November 2020. Morphometric characteris-
tics were given as the percentage of total length (TL%). Species identification and shape differenc-
es between sexes of striped seabream were analyzed by different statistical methods. The biggest
maximum length and weight values (TL=310 mm for TW=399.73 g) were found for the southern
Black Sea in this study. The mean TL of female individuals (X=205.26 mm) was found higher than
male individuals (X=199.10 mm). The TL% ratio of head length was found as 24.45% for all individ-
uals. In this study, isometric growth (t=2.009, p>0.05) was determined for all individuals and the
length-weight relationship (LWR) was found as W=0.013TL3%3 (r2=0.983). This study revealed that
the morphological characteristics of L. mormyrus differ significantly between female and male in-
dividuals and the species may be a good example of sexual dimorphism.
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INTRODUCTION Sparid in the Black Sea. It is known that the adap-

tation of species inhabiting the Mediterranean

Sparids are spread in coastal waters worldwide  g¢g (Monteiro et al., 2010) occurred by passing
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and sustain commercial and recreational fishing
(Fischer, Schneider, & Bauchot, 1987). The striped
seabream Lithognathus mormyrus (Linnaeus,
1758) (Perciformes: Sparidae) is naturally found in
the Eastern Atlantic, South Africa coastal waters,
and the Western Indian Ocean. It is a demersal
species living in groups over various sea bot-
toms, mainly sandy, seagrass beds and rocky
beds to a maximum depth of eighteen meters
(Bauchot & Hureau, 1986). It feeds on crusta-
ceans, small teleosts, and molluscs (Chessa et al.,
2005). They can reach up to 55 cm in total length,
and the highest estimated age is twelve years old
(Kraljevi¢, Dulti¢, Cetini¢, & Pallaoro, 19%6).
Striped sea breams are hermaphrodites where
juveniles are male. After 14 cm total length, the
female character is dominant. The striped sea
bream is one of the representative species of

the Turkish Straits System to the Black Sea (Aydin,
2017). This species is also thought to have adapt-
ed to the Black Sea ecosystem in this way. The
first record of this species on the Black Sea coast
of Turkey was reported by Satilmig, Simer, Aksu,
and Celik (2014) in the province of Sinop, and the
second occurrence was recorded by Engin, Kes-
kin, Akdemir, and Seyhan (2015) in the provinces
of Istanbul, Trabzon, Rize and Artvin. Next, it was
recorded by Aydin (2017) in the province of Ordu.
It is noted, lastly, that Kasapoglu, Cankinligil,
Diizglines, Cakmak, and Eroglu (2020), who stud-
ied biological features of the species in the Black
Sea, gave important information on the bio-eco-
logical and genetic aspects.

Morphometric studies are based on a set of
measurements that are continuous data, re-
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vealing the shape variation and size (Turan, 1999). Morphological
characters, such as meristic counts and body shape, have long
been used in stock identification (Silva, 2003). Because it can
yield information complementary, it has provided valuable re-
sults for assessing the stock structure of several species of marine
fish (Schaefer, 1989). Geographic and different environmental
components can vary in single morphological characteristics,
growth patterns, and body shape within and among populations
(Firmat, Schliewen, Losseau, & Alibert, 2012). For fish, sexual di-
morphism, generally, has been recorded in body size, fin size and
shape, color pattern, and head morphology (Morbey, 2018). Fe-
males are usually larger than males of the same age, while males
are larger than females for some species (Mann, 1980). Dentition,
such as number, shape, and arrangement, may also be sexually
dimorphic between males and females (de Santana & Vari, 2010).

According to the FAO catch statistics, the population of L.
mormyrus has been affected by overfishing and may also indi-
cate a future decline. In addition, this species has a Least Con-
cern (LC) status in the Red List of Threatened Species (Russel,
Carpenter, Pollard, Mann, & Buxton, 2014). This decline is also
seen in Turkey. The total amount of striped seabream fishing in
Turkey was reported as 390 tons in 2009 while it was reported as
73.9 tons in 2019 (Turkish Statistical Institute, 2019). Some studies
were carried out on the distribution, biology, growth, and genet-
ic and morphological characterization of L. mormyrus in Turkey
(Tarkmen & Akyurt, 2003; Akyol, Kinacigil, & Sevik, 2007; Emre,
Balik, Simer, Oskay, & Yesilcimen, 2010; Simer, Ozdemir, &
Ertekin, 2014; Altin, Ayyildiz, Kale, & Alver, 2015; Aydin, 2017,
Kasapoglu et al., 2020; Reis & Ates, 2020). In this study, we inves-
tigate the hypothesis that male and female individuals differ sig-
nificantly from each other morphologically. In addition to the ex-
isting literature, we studied samples with a wider size range in L.
mormyrus populations in the Black Sea, determined morpholog-
ical differences according to gender, and evaluated the relation-
ship of morphometric characteristics with each other. Consider-
ing the commercial importance of the species and the current
critical situation, it is essential to follow and manage the popula-
tion of the species. Any information about this species will shed
light on the future in terms of scientific and fishery management.

MATERIALS AND METHODS

Fifty striped seabream individuals (female=27, male=23) were
sampled along the Turkish coast of the southern Black Sea
(41°40'24"-41°26"10" N & 35°32'09"-41°22'00"E) between January
2020 and November 2020 by using a trammel net (300 m long with
44 mm mesh size) set at 5-20 m depths. The widest possible size
range of individuals was collected from both genders to make the
study representative of the entire population. Gonads were re-
moved and identified as ovaries or testes from examinations of the
gonadal tissue macroscopically. Morphological characters were
measured in the laboratory with an electronic caliper to the near-
est 0.01 mm. The weight of samples was weighed to the nearest
0.01 g. Fifteen morphometric characteristics were measured on
each sample, and those are shown in Fig. 1 (Gharaei, 2012).

Body length is usually expressed as a proportion of standard (SL),
fork (FL), and total length (TL). For instance, in species with rigid

measurements of L. mormyrus.
Abbreviations are presented in Table S1.

Figure 1. Morphological

caudal fins, such as tuna and billfish, FL is frequently used. In-
deed, SLis preferred in fish collections as the caudal fin becomes
brittle over time and may break off. Gaygusuz et al. (2006) sug-
gest that the use of TL had significantly lower errors compared to
FL and SL for all species. For this reason, the TL was used on the
undamaged samples for a standard body shape in this study. Dif-
ferent morphometric characteristics were calculated as the per-
centage of total length (TL%), and the variance coefficient was
determined by methods of statistical analysis by sexes. The value
for the coefficient of variation (Avsar, 1998) was calculated using
this formula:

Standard deviation

CVo%= X 100

Mean

Relationships between total length and weight were determined
for all individuals using the equation W = aTL®, where W is the
fish weight (g), TL is total length (mm), and a and b are the coef-
ficients of the functional regression between W and TL (Ricker,
1975). The linear relationships between TL and the other mor-
phological measurements were estimated with the power equa-
tion Y = a+bTL., where Y is the morphological measurements
(mm), TL is the total length measurement (mm), and a and b are
the regression parameters as the intercept and the slope, re-
spectively (Froese, 2006). The t-test was performed to evaluate
whether the estimated b values are significantly different (p<0.05)
from the isometric value 3 (Pauly, 1983). The 95% confidence lim-
its (Cl) of parameters a and b were estimated, and the coefficient
of determination (9 was used to evaluate the correlation be-
tween TL and morphological measurements (Ricker, 1975). The
distribution normality of the morphometric characteristics was
analyzed using the Kolmogorov-Smirnov test, and the homoge-
neity was analyzed using the ANOVA (Analysis of Variance) test.
The results were considered statistically significant at p<0.05.
Thus, non-parametric analyses (Mann-Whitney U) were used for
statistical tests. A hierarchical Ward cluster analysis was used to
determine closely related variables after Z score correction (Lo-
pez et al., 2004). The data were analyzed by using the statistics
software SPSS 26.0 and tabulated with Microsoft Excel 2019.
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RESULTS AND DISCUSSION

The TL of females ranged between 160 and 310 mm and males
between 142 and 300 mm. The mean TL and standard error (+SE)
were calculated as 202.43+5.88 mm while the mean W was
119.47+12.53 g for all samples. The most considerable maximum
length and weight values (TL=310 mm for W=399.73 g) were
found for the southern Black Sea. The morphological measure-
ments and statistical differences for males, females, and all indi-

viduals are presented in Table 1. The mean TL of female individ-
uals (X=205.26 mm) was found higher than male individuals X
=199.10 mm). It was determined that there was no statistically
significant difference between the TL of female and male individ-
uals regarding morphometric characteristics (U=272.00; z=-
0.750; p>0.05). Similar statistical results (Mann-Whitney U,
p>0.05) were found as the same for the other morphological
characters and W (Table 1). All morphometric measurements of

females were found higher than those of males. Fischer et al.

Table 1. Summary of morphometric measurements (mean=standard error, minimum and maximum) in mm, and statistics of
the Mann-Whitney U rank sum for females (?) and males (3) of L. mormyrus.

) ? (N=27) 3 (N=23) 2+3 (N=50) Statistical Analyze
g

& E X+SE Min  Max X+SE Min  Max X+SE Min  Max U z p-
5 £ value
TL 205.26+8.19 160.00 310.00 199.10+£8.55 142.00 300.00 202.43+5.88 142.00 310.00 272.00 -0.750 0.453 s
FL 184.12+7.14 146.00 280.00 177.98+7.25 130.00 267.00 181.29+5.07 130.00 280.00 283.00 -0.536 0.592ns
SL 168.07+6.56 134.00 255.00 160.87+7.04 105.00 247.00 164.76+4.78 105.00 255.00 274.50 -0.701 0.483
HL 50.14+2.23 40.00 81.40 48.84+2.06 38.00 75.00 49.54+1.52 38.00 81.40 299.00 -0.224 0.823
ED 10.44+0.35 8.00 14.80 9.86+0.26 8.00 12.50 10.17+0.22 8.00 14.80 266.50 -0.861 0.389"
PrSL 16.63+0.96 12.00 30.20 15.63+0.99 10.00 29.80 16.17+0.69 10.00 30.20 247.00 -1.238 0.216"
PsOL 19.49+0.79 15.00 30.50 19.47+0.78 15.00 29.00 19.48+0.55 15.00 30.50 307.50 -0.058 0.953
PrDL 64.02+2.63 50.00 102.90 60.87+2.57 45.20 96.00 62.57+1.84 45.20 102.90 266.00 -0.867 0.386™
DFBL 80.45+3.37 62.50 124.28 78.36+£3.59 60.20 126.00 79.49+2.44 60.20 126.00 282.00 -0.555 0.579ns
PrAL 108.92+4.64 83.80 170.00 105.13+4.47 81.10 157.00 107.18+3.22 81.10 170.00 275.00 -0.692 0.489
AFBL 29.26+1.25 23.00 46.40 28.68+1.29 21.40 44.00 28.99+0.89 21.40 46.40 295.00 -0.302 0.762n
PFH 34.97+1.59 26.10 54.56 33.50+1.49 25.80 52.00 34.29+1.10 25.80 54.56 272.50 -0.740 0.459
PIvVFL 25.52+0.89 20.00 38.40 24.75+0.86 19.10 34.00 25.17+0.62 19.10 38.40 273.00 -0.730 0.465
HBD 55.90+2.21 43.00 86.70 52.50+2.09 40.70 81.00 54.34+1.54 40.70 86.70 246.50 -1.246 0.213"
CpD 13.80+0.57 11.00 21.81 13.62+0.66 10.20 23.00 13.72+0.43 10.20 23.00 293.00 -0.342 0.733
W 123.75+£18.62 59.67 399.73 114.44+£16.63 38.40 336.39 119.47+12.53 38.40 399.73 273.00 -0.730 0.465

*For all tests, df=1. Values followed by ns indicate non-significant differences between genders.

Table 2. Summary of morphometric measurements (mean=standard error) in TL%, and statistics of the rank sum of
L. mormyrus.

o ? (N=27) 3 (N=23) 243 (N=50) Statistical Analyze

SeE . - . - . p-

S 8 E X=SE (min-max) Cv% X=£SE (min-max) Cv% X+SE (min-max) Cv% U z value
FL (TL%) 89.79+0.23 (88.01-92.91) 1.35 89.56+0.34 (85.37-92.63) 1.83 89.69+0.20 (85.37-92.91) 1.58 301.50 -0.175 0.861™
SL(TL%) 81.95+0.16 (79.71-83.75) 1.04 80.76+0.52 (73.94-83.50) 3.11 81.40+0.27 (73.94-83.75) 2.32 249.00 -0.197 0231 ™=
HL (TL%) 24.36+0.23 (19.80-26.26) 4.81 24.56+0.15 (23.31-26.76) 3.01 24.45+0.14 (19.80-26.76) 4.05 293.00 -0.341 0.733ns
ED (TL%) 5.13+0.09 (4.16-5.94) 8.79 5.02+0.09 (4.14-5.64) 8.23 5.08+0.06 (4.14-5.94) 8.52 27550  -0.681 0.496
PrSL (TL%) 7.99+0.12 (7.34-9.74) 7.92 7.75+£0.14 (6.96-9.93) 8.60 7.88+0.09 (6.96-9.93) 8.29 199.00 -2.171 0.030 *
PsOL (TL%) 9.50+0.10 (8.76-11.17) 5.29 9.82+0.14 (9.11-11.64) 6.76 9.65+0.08 (8.76-11.64) 6.20 21950 -1.772 0.076™
PrDL (TL%) 31.18+0.17 (29.19-33.19) 2.90 30.65+0.35 (25.26-32.92) 5.52 30.94+0.19 (25.26-33.19) 4.32 26400 -0905 0.365m™
DFBL (TL%) 39.13+0.18 (37.80-41.99) 2.35 39.30+0.26 (37.04-42.39) 3.20 39.21+0.15 (37.04-42.39) 2.75 28500 -0.496 0.620m™
PrAL (TL%) 52.95+0.17 (51.51-54.84) 1.66 52.84+0.26 (50.86-57.11) 2.40 52.90+0.15 (50.86-57.11) 2.02 275.00 -0.691 0.489 s
AFBL (TL%) 14.22+0.12 (13.34-15.87) 4.45 14.39+0.15 (13.51-16.50) 4.99 14.30+0.10 (13.34-16.50) 4.70 26550 -0973 0.330m
PFH (TL%) 16.96+0.14 (14.71-18.65) 4.28 16.82+0.12 (16.00-18.17) 3.47 16.90+0.09 (14.71-18.65) 3.92 240.50 -1.363  0.173™
PIVFL (TL%) 12.49+0.07 (11.53-13.30) 3.07 12.52+0.10 (11.33-13.45) 3.87 12.50+0.06 (11.33-13.45) 3.43 291.00 -0.380 0.704r
HBD (TL%) 27.28+0.29 (25.38-32.18) 5.47 26.46+0.23 (24.39-28.72) 4.23 26.90+0.20 (24.39-32.18) 5.14 205.00 -2.054 0.040*
CpD (TL%) 6.72+0.04 (6.35-7.13) 2.71 6.82+0.06 (6.32-7.67) 4.14 6.77+0.03 (6.32-7.67) 3.51 233.00 -1.509 0.131m

* For all tests, df=1. Values followed by * indicate significant differences (p<0.05) by gender, Cv, coefficient of variance
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(1987) reported that striped seabream generally grow up to 30
cm but can reach a length (TL) of 55 cm. Satilmis et al. (2014), En-
gin et al. (2015), Aydin (2018), and Kasapoglu et al. (2020), in their
studies in the Black Sea, reported that the TL of individuals was
25.4, 22.6, 30.0, and 23.5 cm, respectively. In the Atlantic Ocean,
Dorel (1986) observed the biggest individuals, with a TL of 52.5
cm, in the Bay of Biscay. Kraljevi¢ et al. (1996) observed that indi-
vidual striped seabream from the northern Adriatic Sea reached
a length of 38 cm. Monteiro et al. (2010) observed the heaviest
individual with a weight of 895.4 g and a TL of 42.7 cm in their
study in Portugal. We found the mean TL and the mean W as
202.43+5.88 mm and 119.47+12.53 g for all samples, respective-
ly. In general, it can be argued that the growth of L. mormyrus in
the Mediterranean and the Atlantic Ocean is faster than that in
the Black Sea. Kasapoglu et al. (2020) determined a significant
differentiation between three populations (Black Sea, Mediterra-
nean and the Aegean Sea) of L. mormyrus. All morphometric
measurements of females were found higher than males in this
study. Females are usually larger than males of the same age
(Mann, 1980). Kasapoglu et al. (2020) determined an opposite sit-
uation in their studies and found that all morphological measure-
ments of males were higher than females in the same species.

The original TL was considered in the morphometric evaluations,
and the other characteristics are presented as a percentage of
total length (TL%) as shown in Table 2. According to the values,
the most variable features were ED and PrSL in females and
males while the least variable features were the SL in females and
the FL in males. The TL% ratio of HL was found as 24.45% for all
individuals. Although TL% ratios of males were found than those
of females, HL, PsOL, DFBL, AFBL, PIvFL, and CpD have a higher
rate in females. When looking in more detail, it is seen that fin
lengths mostly caused these differences for females. It was de-
termined that there was no statistically significant difference be-
tween the TL% of female and male individuals regarding the
morphometric characteristics, excluding PrSL and HBD. The TL%
ratio of head length was found as 24.45% for all individuals. It was
observed that the head makes up almost a quarter of the body.
Sparids, such as striped seabream, possess a longer body, a larg-
er mouth gap, a relatively larger head region, and a caudal pe-
duncle which is longer and narrower (Costa & Cataulle, 2007).
The pelvic fin was found as approximately 13% of the TL for the
combined samples. Pectoral fins are used for balance, decelera-
tion, and partial displacement. In addition, they act as a brake in
forward movement, rotation, and sudden stops. Sparids have a
long dorsal fin, and it is about 40% of its full neck. The dorsal fin
is a median fin located on the dorsal side of the fish. It starts at
the level of the pectoral fin base and ends at the level where the
pelvic fin ends towards the tail. This fin helps the fish swim in a
balanced way and is also used in sudden changes of direction.
These features are seen in all members of the Sparidae family
(Pervin, 2007). It was determined that there was a statistically sig-
nificant difference between the TL% of PrSL and HBD for both
sexes. The morphological discrepancy in the head region was
highlighted in several marine fish such as carangids (Turan, 2004),
gobies (Mejri, Lo Brutto, Hassine, Arculeo, & Ben Hassine, 2012),
and Sparids (Palma & Andrade, 2002). However, the p values
were found high for FL, HL, PIVFL. and DFBL, and this situation

Table S1. Description of measured morphological

characters of L. mormyrus.

Abbreviations Character Description
TL Total The longest distance be-
length tween the tip of the snout
and the end of the tail
FL Fork Distance from the tip of the
length nose to the middle part of
the caudal fin
SL Standard Distance from the tip of the
length nose to the middle part of the
end of the vertebral column
HL Head Distance from the tip of snout
length to the upper posterior to gill
cover
ED Eye The maximum diameter of
diameter  the eye with parallel to the
longitudinal axis of the body
PrSL Pre-snout  Distance from the tip of the
length nose to the front nostril
PsOL Post-or- Distance from the end of the
bital orbit to the posterior margin
length of the operculum
PrDL Pre-dorsal  Distance from tip of snout to
length anterior margin of the dorsal
fin base
DFBL Dorsal The longest horizontal dis-
fin base tance of the dorsal fin base
length
PrAL Pre-anal Distance from tip of snout to
length anterior margin of the anal
fin base
AFBL Anal fin The longest horizontal dis-
base tance of the anal fin base
length
PFH Pectoral Distance from the lower
fin height  end to the upper end of the
pectoral fin
PIVFL Pelvic fin Distance from the lower end
length to the upper end of the pelvic
fin
HBD Highest The deepest distance from
body the lower end to the upper
depth end of the body
CpD Caudal The minimum depth of the
peduncle  caudal peduncle
depth

showed that head and fin length might differ by sex. Similarly,
Morbey (2018) reported that sexual differences were generally
seen in fin size and head morphology. It may occur because
aquatic environments present different characteristics, habitats,
or diets (Delariva & Agostinho, 2001).

The statistical data relevant for the evaluation of the linear rela-
tionships of each characteristic with TL are included in Table 3,
showing the estimated regression parameters along with their
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Table 3. Length-weight relationship (LWR) and relationship of morphological characters with total length (TL) of
L. mormyrus.
95% Cl (a) 95% Cl (a)
Sex r a - b - P
min max min max
Q 0.996 5.500 0.776 10.223 0.870 0.848 0.893
TL-FL 3 0.993 9.728 3.110 16.346 0.845 0.812 0.878 p<0.05
Q+d 0.994 7.225 3.347 11.104 0.860 0.841 0.879
Q 0.997 3.868 0.397 7.340 0.800 0.783 0.817
TL-SL 3 0.980 -1.301 -12.073 9.471 0.815 0.761 0.868 p<0.05
Q+d 0.988 1.117 -4.131 6.365 0.808 0.783 0.834
Q 0.959 -4.492 -9.236 0.253 0.266 0.243 0.289
TL-HL 3 0.984 1.221 -1.631 4.074 0.239 0.225 0.253 p<0.05
Q+d 0.966 -1.883 -4.752 0.987 0.254 0.240 0.268
Q 0.799 2.669 1.032 4.307 0.038 0.030 0.046
TL-ED 3 0.879 4.208 3.237 5.178 0.028 0.024 0.033 p<0.05
Q+d 0.799 3.286 2.264 4.308 0.034 0.029 0.039
Q 0.967 -7.100 -8.934 -5.265 0.116 0.107 0.124
TL-PrSL e} 0.945 -6.688 -9.183 -4.193 0.112 0.100 0.124 p<0.05
+d 0.957 -6.973 -8.426 -5.519 0.114 0.107 0.121
Q 0.929 0.420 -1.794 2.634 0.093 0.082 0.104
TL-PsOL e} 0.900 2.344 -0.299 4.988 0.086 0.073 0.099 p<0.05
+d 0.911 1.383 -0.289 3.056 0.089 0.081 0.098
Q 0.976 -0.958 -5.283 3.367 0.317 0.296 0.337
TL-PrDL e} 0.921 3.464 -4.301 11.229 0.288 0.250 0.327 p<0.05
o+d 0.950 0.772 -3.440 4.984 0.305 0.285 0.326
Q 0.989 -3.466 -7.174 0.242 0.409 0.391 0.427
TL-DFBL e} 0.979 -4.416 -10.058 1.227 0.416 0.388 0.444 p<0.05
Q+d 0.984 -3.805 -6.925 -0.685 0.411 0.396 0.427
Q 0.996 -7.266 -10.281 -4.251 0.566 0.552 0.580
TL-PrAL e} 0.990 1.515 -3.402 6.432 0.520 0.496 0.545 p<0.05
+d 0.992 -3.418 -6.392 -0.445 0.546 0.532 0.561
Q 0.959 -1.542 -4.210 1.127 0.150 0.137 0.163
TL-AFBL e} 0.949 -0.593 -3.728 2.543 0.147 0.132 0.162 p<0.05
Q+d 0.954 -1.051 -3.001 0.899 0.148 0.139 0.158
Q 0.970 -4.391 -7.295 -1.487 0.192 0.178 0.206
TL-PFH e} 0.974 -0.829 -3.431 1.772 0.172 0.160 0.185 p<0.05
Q+d 0.969 -2.862 -4.839 -0.886 0.184 0.174 0.193
Q 0.982 3.371 2.097 4.645 0.108 0.102 0.114
TL-PIvVFL e} 0.986 4.966 3.872 6.060 0.099 0.094 0.105 p<0.05
Q+d 0.982 4.060 3.205 4.915 0.104 0.100 0.108
Q 0.924 2.681 -3.749 9.112 0.259 0.229 0.290
TL-HBD e} 0.957 4.815 0.137 9.494 0.239 0.216 0.263 p<0.05
+d 0.930 3.272 -0.893 7.436 0.252 0.232 0.272
Q 0.981 -0.423 -1.250 0.405 0.069 0.065 0.073
TL-CpD e} 0.964 -1.416 -2.761 -0.072 0.076 0.069 0.082 p<0.05
+d 0.969 -0.815 -1.584 -0.046 0.072 0.068 0.076
Q 0.983 0.013 0.008 0.021 2.986 8.824 3.147
TL-W 3 0.984 0.012 0.007 0.020 3.032 2.857 3.207 p<0.05
Q+d 0.983 0.013 0.009 0.018 3.003 2.889 3.116

*Q, female (N=27); 8, male (N=23); 2+3 combined (N=50); r?, coefficient of determination; a, intercept of relationship; b, slope of relationship; Cl, confidence interval
95%
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Table 4. Proximity matrix of morphometric variables for L. mormyrus.
Proximity Matrix
TL FL SL HL ED PrSL  PsOL PrDL DFBL PrAL AFBL PFH PIVFL HBD CpD

TL 0.000

FL 0.008  0.000

SL 0.013 0.008 0.000

HL 0.129 0.107 0.116  0.000

ED 0.244 0233 0258 0526 0.000

PrSL 0.771 0716 0.692 0373 1.506 0.000

PsOL  0.088 0.063 0.077 0.157 0.316 0.698 0.000

PrDL 0.146 0.113 0.111  0.055 0481 0.356 0.146  0.000

DFBL 0.039 0.031 0036 0.070 0359 0527 0.08 0.085 0.000

PrAL 0.033 0.024 0.032 0051 0.332 0.53 0088 0.073 0.018 0.000

AFBL  0.081 0.069 0.077 0099 0432 0522 009 0.109 0.038 0.046 0.000

PFH 0.062 0057 0.059 0.087 0408 0.528 0.132 0.097 0.043 0.032 0.083 0.000

PIVFL  0.034 0.028 0.046 0.157 0177 0886 0.107 0.163 0.083 0.065 0.121 0.125  0.000

HBD 0.097 0069 0.072 0.117 0.343 0.550 0.095 0.053 0.064 0.067 0.085 0.093  0.110  0.000

CpD 0.188 0.155 0.155 0.056 0.641 0.276 0.157  0.056 0.081 0.095 0.091 0.116  0.233 0.102  0.000
weak relationships of ED and PrSL with other variables, a tendency

" 7 g ki ki T i very similar to that presented by the correlation analysis (Fig. 2; Ta-
ble 4). These findings were similar to that shown by the correlation

e analysis (Table 3).

PraL

o The expected range for the a value was reported between 0.001

L and 0.05 for the natural fish populations by Froese (2006). In this
study, the value was calculated as 0.013 and 0.012 for females and

brFEL J males, respectively. According to the b value obtained from the

CpD — length-weight relationship (LWR) equations, Pauly’s t-test result

= HL showed that L. mormyrus (t=2.009, p>0.05) exhibits isometric

- growth (b=3). The LWR was found as W=0.013TL3% (r2=0.983). The

reaL high value of the coefficient of determination (*>0.95) was deter-
mined for L. mormyrus. The b value, one of the parameters of the

Frst J LWR in fish, provides information about the environmental condi-

ProL tions and the body shape of the fish (Avsar, 1998). It is reported that

HED this value varies depending on many conditions such as the number

_— of samples, sampling season, characteristics of the aquatic ecosys-

o tem, gonadosomatic index value, and nutrition (Bagenal & Tesch,
1978). In this study, the b value was calculated as 3.003 for all individ-

Figure 2. Dendrogram  topology of the morphometric uals, and it being over three indicates that the sampled fish have

variables of L. mormyrus.

95% confidence interval and the coefficient of correlation. The lin-
ear regression equations are found highly significant with r? values
ranged from 0.799 to 0.997 for females while r? values ranged from
0.879 to 0.993 for males. The interrelationships among the length
parameters with TL are also found at high values with all r? values
being >0.90, excluding ED. Among the linear regression values,
the morphometric characteristic most closely related to TL was de-
termined as FL (r?=0.994), and the weakest correlation was defined
as the ED (r’=0.799). It was determined that the correlation be-
tween morphometric characteristics and TL was statistically similar
in female and male individuals (p<0.05). As a result of the proxim-
ity matrix and cluster analysis, it was determined that there were
very close relationships between TL and FL (0.008), TL and SL
(0.013), and FL and SL (0.008). However, there appeared to be

sufficiently good environmental conditions and that total growth
was achieved as required. In Turkey, most of the researchers (Turk-
men & Akyurt, 2003; Akyol et al., 2007; Gékge, Aydin, & Metin, 2007;
ilkyaz, Metin, Soykan, & Kinacigil, 2008; Emre et al., 2010; Acarl,
Kara, & Bayhan, 2014) have reported positive allometry growth for L.
mormyrus whereas some of the researchers (Bilge, Yapici, Filiz, &
Cerim, 2014; Simer et al., 2014; Altin et al., 2015; Aydin, 2017; Aydin
& Sézer, 2019; Reis & Ates, 2020) have reported negative allometry
growth. The relationship between a specimen length and its weight
varies over time and between locations, depending on the abun-
dance of food, temperature, salinity, or reproductive activity (Yanko-
va, 2016). It is thought that conditions such as physical and chemical
characteristics of water systems, the genetic structure of popula-
tions, competition between species, and pressure from fisheries
may affect regional differences. The LWR of fish may be influenced
by geographical location, environmental conditions, sex, and matu-
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rity (Bagenal & Tesch, 1978). The high value of the coefficient of de-
termination (>0.95) was determined for L. mormyrus. The r? value
was reported as 0.817 for the same species by Aydin (2017) and re-
ported relatively lower values. According to the literature, the r? val-
ues in the present study were similar, which may be based on many
factors such as season, region, length range, fish physiology, sam-
pling size, and habitat (Froese, 2006).

CONCLUSION

This paper represents a study to determine morphological char-
acterization and to investigate shape differences by sex in the
southern Black Sea coast populations of L. mormyrus, which cov-
er all months, comparatively. As such, the values represent refer-
ence data for the Sparid species. Furthermore, the study can
serve as a reference for future investigation in terms of scientific
studies and fishery management. Although this is a local study,
our results can be generalized to understand the biological and
ecological aspects of L. mormyrus.
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