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ABSTRACT

The diet of the red mullet Mullus barbatus was
studied in the southeast Black Sea region of Turkey
during the autumn, winter, summer and spring. In
one year, the stomach contents of 760 individuals of
M. barbatus, a confirmed omnivorous fish species,
were examined (April 2017-March 2018), in addi-
tion to those of 180 additional individuals examined
within a 24-h period (28 April 2018). Among the 14
prey groups identified in the stomachs of red mul-
let, the predominant one was Bivalvia, followed by
Nematoda, Polychaeta, Brachyura and Cumacea.
Data analysis revealed significant differences in
prey species composition between seasons
(ANOSIM, R = 0.089, p < 0.001). Moreover, the
prey groups that constituted the majority of the diet
changed significantly with a season. SIMPER anal-
ysis revealed that the prey item contributing the
most to the differences between seasons was Bival-
via. Microplastic was also found in the samples.
Analysis of the daily rhythm diet variation in stom-
ach contents allowed the identification of 8 prey
groups, namely Bivalvia, Amphipoda and Cuma-
cea. In 24-hour examinations, feeding began in the
first hours of the day, then showed an increase in
the following hours and decreased after the even-
ing. The results of this study could be used to de-
scribe the diversity of prey species and intraspecific
food competition in the Black Sea.

KEYWORDS:
Mullus barbatus, Black sea, Daily feeding, Seasons feed-
ing, Microplastic.

INTRODUCTION

Red mullet (Mullus barbatus Linnaeus, 1758)
is a common benthic fish species living on sandy
and muddy bottoms of the continental shelf at
depths as low as 200 m [1]. It is distributed all
across the Mediterranean basin, including the Black
Sea and the Eastern Atlantic along the European
and African coasts [2, 3, 1]. Red mullet is one of
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the most important demersal fish of the Black Sea,
has a very high value in Turkish fisheries and is one
of the most important fish species traditionally
fished and consumed in Black Sea countries [4].
Red mullet is also an important component of the
Mediterranean demersal resources exploited by
bottom trawl and small-scale fisheries [5, 6]. For
Turkey, the total catch of these highly valuable
goatfishes summed to 4579 tons in 2016 based on
statistics from the Turkish Statistical Institute [7].
Feeding activities provide fish with the necessary
nutrition and energy to support their maintenance,
growth, reproduction and, subsequently, population
development [8, 9, 10]. The study of feeding activi-
ties and the factors influencing them is thus critical-
ly important in our understanding of the dynamics
of fish populations. Knowledge of the feeding hab-
its of a fish may play a key role in research on the
following ecological issues: prey selection, preda-
tor-prey size relationships, distribution of feeding
types with latitude, ontogenetic diet shifts, and
species invasions [11]. The diet of the red mullet
has been well investigated in the Mediterranean Sea
[12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24,
25, 26, 27]. However, there is no information about
this species in the Black Sea, and this study was
planned to fill this gap. This work aims to provide a
detailed (monthly and daily) description of the
feeding habits of the species Mullus barbatus off
the Black Sea and to compare them with other areas
(e.g. Mediterranean Sea and Atlantic Ocean), which
could help provide a basis for understanding trophic
levels and interactions in the aquatic food web of
the study area. The results of this study can be used
in multispecies and ecosystem-based models.

MATERIALS AND METHODS

Fish sampling (annual). A total of 760 red
mullet samples were collected monthly using an
experimental bottom trawl (12 mm mesh size) be-
tween April 2017 and March 2018 off the Rize
coast, in the south-eastern Black Sea. Fishing took
place within an area defined by the following coor-
dinates: 40059°29°’N/40019°52”’E; 40059’

FEB



Volume 28 — No. 4/2019 pages 2671-2678

57°N/40018> 50”°E; 40001°32’N/40022°53’E;
41002°10°°N/40022°04’E (Fig. 1). The average
haul duration was 30 min, and towing speed varied
from 2.5 to 3.5 knots between 0-30, 30-60 and 60+
m depth contours. Sampled specimens were fixed in
70% alcohol and transferred to the laboratory. The
total length of each individual was measured to 0.1
cm, and wet weight was determined to the nearest
0.01 g after the animal was blotted dry on absorbent

paper.

Fish sampling (daily). A total of 180 red mul-
let samples were collected in April at 4-hour inter-
vals during the 24-h sampling period using the
same experimental bottom trawl (12 mm mesh size)
between 13:00 (28 April 2018) and 09:00 (29 April
2018) off the Rize coast, in the south-eastern Black
Sea. The area was defined by the following coordi-
nates: 40059°29°N/  40019°52”’E, 40059’
57°N/40018°50’E, 40001°32°°N/40 022°53”’E,
41002°10’N/ 40022°04’E (Fig. 1). The depth
range of the sampling area was from 30 to 40 m. A
total of 6 trawl operations were carried out during
the 24-h sampling period. The bottom texture in the
area was muddy sand. From each haul, 30 speci-
mens were randomly sampled. The total body
weight (g) of each fish was measured before dissec-
tion for stomach removal. Stomachs were preserved
individually in small jars with 10% buffered for-
maldehyde solution.
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FIGURE 1
Map of the study area

Diet analysis. Stomachs were dissected, and
all prey items were identified to the lowest possible
taxonomic level after counting and weighing. Sort-
ed prey items were weighed wet to the nearest
0.001 g. The prey group occurrence frequency
(F%), prey group numerical frequency (N%), per-
cent prey group weight (W%), relative importance
index (IRI) and percent relative importance index

(IR1%) (28, 29). were determined as follows:
1,
Flp = — 100,
n¥
Nig = — = 100
0 Np
wY
Wog = — =100
0 Wp
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IRI = (N% + W%). (F%)
IRI
IRI% = * 100

YIRI

where, F% = number of stomachs containing
prey n / total number of full stomachs x 100 Ns ,
N% = number of prey n’y/ total number of prey x
100 N_p, W%= weight of prey w”y / total weight
of all prey x 100 W_p.

In the annual samples, stomach fullness was
determined visually according to (30) using a scale
ranging from 0 to 100% and noted as empty (0%),
moderately full (25%), half full (50%), quite full
(75%) and very full (100%). One-way analysis of
similarity (ANOSIM) (31) was used to determine
the differences between seasons in the structure of
the stomach contents. The most abundant prey
species primarily responsible for an observed dif-
ference between seasons were examined using
similarity percentages (SIMPER) [31] Multivariate
analyses were performed with the software package
PRIMER 5.

In order to determine the diel feeding intensity
and chronology, fullness index (%FI) values (the
percentage ratio of the weight of an individual fish
stomach contents to its total body weight) and the
percentage of empty stomachs (%ES) were calcu-
lated for each sampling time [28, 29].
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FIGURE 2
Seasonal stomach fullness ratio (empty, 0%;
moderately full, 25 % ; half full, 50 % ; quite full
75% and very full 100%) of red mullet (M. bar-
batus) sampled from April 2017 to March 2018
from the Black sea

0%
Wintar

RESULTS

Empty stomachs were found in all seasons
throughout the year. The highest proportion of very
full stomachs (35.66%) was found in winter,
whereas the highest number of empty stomachs
(35.26%) was recorded in the spring (Fig. 2).
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Overall diet composition. All stomach con-
tents of red mullet contained Bivalvia (N% =
30.46), Amphipoda (N% = 2.07), Isopoda (N%
0.87), Cumacea (N% = 13.16), Gastropoda (N%
3.98), Brachyura (N% = 2.31), Decapoda (N%
2,17), Teleostei (N% = 0.15), Polychaeta (N%
4.77), Nematoda (N% = 38.42), Mysidacea (N% =
0.80), Tanaidacea (N% = 0.15), Echinodermata
(N% = 0.56) and microplastic (N% = 0.12). Ac-
cording to the percent relative importance index,
IRI%, red mullet generally feed on three prey
groups: Bivalvia (IRI% = 68.69), Nematoda (IR1%
= 14.59) and Polychaeta (IR1% = 5.36) (Table 1).

Seasonal prey variations were observed in the
diet of red mullet. The IRI% of food items of red
mullet is shown in Table 2. It was clear that Bival-
via was the most important food item in all seasons
and showed the highest percentage during the
summer, with an average of 70.8%. The prey
groups Cumacea, Brachyura and Decapoda fol-
lowed Bivalvia. In addition, microplastic was found
in the samples.

According to the ANOSIM, the global R value
was 0.089 [an R value between O and 1 indicates
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that all the most similar samples are within the
same groups [32] and the significance level of the
sample statistics was 0.001. SIMPER analysis (Ta-
ble 3) was performed on the number of species
found in stomachs in all seasons. The average dis-
similarity between spring and summer was 73.57%
and showed that the groups Bivalvia and Nematoda
were good indicators of spring and Cumacea and
Brachyura, of summer. The average dissimilarity
between spring and autumn was 69.14% and
showed that the groups Bivalvia, Brachyura and
Polychaeta were good indicators of spring and
Nematoda, of autumn. The average dissimilarity
between Summer and Autumn was 67.91% and
showed that the groups Bivalvia, Cumacea and
Brachyura were good indicators of summer and
Nematoda, of Autumn. The average dissimilarity
between spring and winter was 69.01% and showed
that the groups Bivalvia and Amphipoda were good
indicators of spring and Nematoda and Polychaeta,
of winter. The average dissimilarity between sum-
mer and winter was 72.85% and showed that the
groups.

TABLE 1
Overall distribution of prey group occurrence frequency (F %), numerical frequency (N %), weight (W %)
and relative importance (IRI%) for the prey groups observed in red mullet stomach.

Species n F % N % W% IRI %
Bivalvia 1783 60.75 30.46 41.67 68.69
Amphipoda 121 9.32 2.07 2.60 0.68
Isopoda 51 4.66 0.87 0.11 0.07
Cumacea 770 16.49 13.16 0.27 3.47
Gastrapoda 233 11.29 3.98 1.99 1.06
Brachyura 135 11.65 2.31 23.04 4.63
Decapoda 127 10.75 2.17 5.25 1.25
Teleostei 9 1.25 0.15 4.03 0.08
Polychaeta 279 1541 4.77 17.40 5.36
Nematoda 2249 22.58 38.42 2.80 14.59
Mysidacea 47 3.23 0.80 0.11 0.05
Tanaidacea 9 0.72 0.15 0.04 0.00
Echinodermata 33 3.58 0.56 0.69 0.07
Microplastic 7 1.08 0.12 0.00 0.00
TABLE 2

Seasonal distribution of prey group occurrence frequency (F %), numerical frequency (N%), weight (W %)
and relative importance index (IRI1%) values observed in red mullet stomach.

Spring Summer Autumn Winter
Prey Groups F% N% W% IRI1% F% N% W% IR1% F% N% W% IR1% F% N% W% IRI1%
Bivalvia 470 428 252 64.1 63.1 349 572 708 637 312 393 703 694 203 31.0 39.7
Amphipoda 134 44 138 49 119 29 0.6 0.5 6.7 14 1.1 03 41 05 1.0 0.1
Isopoda 52 07 04 0.1 24 03 0.1 00 96 20 0.1 0.3 1.7 09 0.0 0.0
Cumacea 82 32 03 0.6 363 383 06 172 59 1.6 0.0 02 99 16 0.1 0.2
Gastrapoda 127 42 6.2 26 119 40 0.6 07 67 73 29 1.1 140 23 05 0.4
Brachyura 9.7 28 325 69 149 30 292 58 133 30 251 59 74 11 59 0.6
Decapoda 37 06 0.1 0.1 226 56 74 3.6 104 1.6 5.0 1.1 25 02 52 0.2
Teleostei 22 04 04 00 06 01 1.8 0.0 1.5 03 116 03 0.8 0.1 0.0 0.0
Polychaeta 164 65 154 72 36 05 1.0 0.1 9.6 47 103 23 372 7.6 520 247
Nematoda 187 322 29 132 89 83 14 1.0 23.0 465 45 184 455 640 2.6 337
Mysidacea 1.5 05 04 0.0 77 22 0.1 02 00 0.0 0.0 0.0 25 03 00 0.0
Tanaidacea 22 07 03 0.0 00 00 0.0 00 07 0.1 0.0 0.0 00 0.0 0.0 0.0
Echinodermata 3.7 09 22 02 00 00 0.0 0.0 00 0.0 0.0 0.0 124 12 1.8 0.4
Microplastic 0.7 0.1 0.0 00 00 0.0 0.0 00 22 04 0.0 0.0 1.7 0.1 0.0 0.0
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TABLE 3
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Results of SIMPER analysis: Groups contribution to average dissimilarity between seasons.

Spring-Summer

Average dissimilarity = 73.57

Groups Av.Abund Av.Abund Av.Diss Diss/SD Contrib % Cum. %
Bivalvia 4.73 4 18.56 1.16 25.23 25.23
Cumacea 0.35 4.37 11.46 0.79 15.57 40.81
Nematoda 3.56 0.95 9.61 0.63 13.06 53.87
Brachyura 0.31 0.33 7.39 0.5 10.05 63.92
Spring-Autumn Average dissimilarity = 69.14
Groups Av.Abund Av.Abund Av.Diss Diss/SD Contrib% Cum. %
Bivalvia 4.73 2.86 18.81 1.19 27.2 272
Nematoda 3.56 4.27 13.07 0.79 18.9 46.11
Brachyura 0.31 0.28 7.38 0.52 10.67 56.78
Polychaeta 0.72 0.43 7.15 0.57 10.35 67.12
Summer-Autumn  Average dissimilarity = 67.91
Groups Av.Abund Av.Abund Av.Diss Diss/SD Contrib % Cum. %
Bivalvia 4 2.86 17.79 1.16 26.2 26.2
Cumacea 4.37 0.15 11.28 0.77 16.61 42.8
Nematoda 0.95 4.27 9.95 0.67 14.64 57.45
Brachyura 0.33 0.28 7.64 0.53 11.25 68.7
Spring-Winter Average dissimilarity = 69.01
Groups Av.Abund Av.Abund Av.Diss Diss/SD Contrib % Cum. %
Bivalvia 4.73 3.72 17.04 1.21 24.69 24.69
Nematoda 3.56 12.36 16.99 1.03 24.61 49.31
Polychaeta 0.72 1.48 10.8 0.83 15.65 64.96
Amphipoda 0.48 0.09 5.53 0.44 8.01 72.97
Summer-Winter  Average dissimilarity = 72.85
Groups Av.Abund Av.Abund Av.Diss Diss/SD Contrib% Cum. %
Bivalvia 4 3.72 16.75 1.22 22.99 22.99
Nematoda 0.95 12.36 16.24 1.02 223 45.29
Cumacea 4.37 0.31 10.8 0.78 14.82 60.11
Polychaeta 0.06 1.48 8.62 0.72 11.83 71.94
Autumn-Winter Average dissimilarity = 64.70
Groups Av.Abund Av.Abund Av.Diss Diss/SD Contrib % Cum. %
Nematoda 4.27 12.36 16.88 1.05 26.09 26.09
Bivalvia 2.86 3.72 16.76 1.23 259 51.99
Polychaeta 0.43 1.48 9.63 0.78 14.88 66.87
Brachyura 0.28 0.21 5.41 0.46 8.36 75.23
TABLE 4

Distribution of prey group occurrence frequency (F %), numerical frequency (N %), weight (W %) and
relative importance (IRI1%) for the prey groups observed in red mullet stomach during 24-h period

Hours % Bivalvia Amphipoda Cumacea Gastrapoda Decapoda Polychaeta Nematoda Tanaidacea
F% 63.64 0.00 0.00 36.36 18.18 63.64 18.18 0.00
13:00 N% 14.47 0.00 0.00 5.26 3.95 73.68 2.63 0.00
W% 4.89 0.00 0.00 1.04 54.48 39.54 0.05 0.00
IR1% 12.60 0.00 0.00 2.34 10.86 73.69 0.50 0.00
F% 50.00 0.00 0.00 25.00 0.00 12.50 0.00 0.00
17:00 N% 50.00 0.00 0.00 25.00 0.00 25.00 0.00 0.00
W% 67.74 0.00 0.00 11.18 0.00 21.08 0.00 0.00
IR1% 79.91 0.00 0.00 12.28 0.00 7.82 0.00 0.00
F% 27.27 0.00 0.00 9.09 18.18 45.45 18.18 0.00
21:00 N% 20.83 0.00 0.00 4.17 8.33 58.33 8.33 0.00
W% 27.65 0.00 0.00 0.29 3.58 67.91 0.57 0.00
IRI1% 17.68 0.00 0.00 0.54 2.90 76.72 2.17 0.00
F% 77.78 0.00 0.00 11.11 0.00 66.67 22.22 0.00
01:00 N% 36.11 0.00 0.00 5.56 0.00 47.22 11.11 0.00
W% 52.96 0.00 0.00 2.07 0.00 44.30 0.67 0.00
IRI1% 51.79 0.00 0.00 0.63 0.00 45.62 1.96 0.00
F% 92.59 0.00 3.70 40.74 3.70 22.22 25.93 3.70
05:00 N% 76.01 0.00 1.01 10.47 1.01 6.42 4.73 0.34
W% 63.67 0.00 0.08 10.32 0.25 25.47 0.20 0.01
IRI1% 88.42 0.00 0.03 5.79 0.03 4.84 0.87 0.01
F% 68.18 9.09 4.55 27.27 18.18 31.82 4.55 9.09
09:00 N% 51.63 1.63 0.54 9.24 3.26 30.43 0.54 2.72
W% 21.58 1.22 0.03 3.78 36.92 35.89 0.03 0.56
IR1 % 60.52 0.31 0.03 4.31 8.86 25.58 0.03 0.36

2674

FEB



Volume 28 — No. 4/2019 pages 2671-2678

Bivalvia and Cumacea were good discrimina-
tors of summer and Nematoda and Polychaeta, of
winter. The average dissimilarity between autumn
and winter was 64.70% and showed that the group
Brachyura was a good discriminator of autumn and
Nematoda, Bivalvia and Polychaeta, of winter.
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FIGURE 3
Variations in feeding intensity of red mullet
during a 24- h sampling period

Daily diet composition. Feeding activity
started early in the day (01:00) and increased with
the sunrise. It reached the maximum level in the
subsequent hours. There was a decrease in feeding
activity in the afternoon, towards sunset (Fig. 3).

The daily rhythm in the variation of stomach
content analysis allowed the identification of 8 prey
groups, namely Bivalvia, Amphipoda, Cumacea,
Gastrapoda, Decapoda, Polychaeta, Nematoda and
Tanaidacea. The following percent relative im-
portance indices (IRI%) were obtained: at 13:00,
Polychaeta IR1% = 73.69; at 17:00, Bivalvia IR1%
= 79.91; at 21:00, Polychaeta IRI% = 76.72; at
01:00, Bivalvia IRI% = 51.79; at 05:00, Bivalvia
IRI% = 88.42 and at 09:00, Bivalvia IRI% = 60.52
(Table 4).

DISCUSSION

Overall diet composition. Red mullet is a
carnivorous fish that scoops up the substratum to
detect and feed on a wide range of benthic inverte-
brates, primarily polychaetes but also crustaceans
and molluscs [25, 33, 34, 35, 36, 37]. The diet of
red mullet in the Black Sea differs from that of red
mullet in the Mediterranean Sea and Atlantic
Ocean. This reveals that the presence of Bivalvia in
the diet of red mullet predominates in the Black
Sea. In the other areas (Mediterranean, Atlantic
Ocean and the Aegean Sea), the dominant groups in
the stomach contents were reported as Polychaeta
[13, 26, 37, 12, 23, 19, 20] and Amphipoda [14].
[27], reported the primary diet group of red mullet
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as Decapoda in the Mediterranean. Differences in
diet of red mullet are generally not important as
they could be the results of the areas sampled
and/or the biological environment. According to
previous studies, the morphological characteristics
and foraging behaviour of red mullet accounted for
both prey type selection and feeding patterns [25,
35]. In our study and in the study of [27], the Ne-
motoda prey group was reported. Also, some
groups reported in other studies [37, 20, 23, 27]
were not reported in our study. Marine plastic litter
is slowly broken up by mechanical, chemical and
photolytic degradation processes and then frag-
mented into small sizes. This plastic litter floats on
the sea or sinks to the bottom [38]. [39] reported
that demersal fish species contain higher levels of
microplastics in their stomach contents than pelagic
fish species. Microplastic was found in M. barba-
tus, one of the demersal fish species in the study.

Diet composition according to season. In this
study the group Bivalvia was determined as the
dominant group in all seasons (spring IRI% 64.1,
summer IR1% 70.8, autumn IRI% 70.3 and winter
IRI% 39.7) (Table 3). [27] and [13] reported the
Polychaete group as dominant in all seasons for the
same species in the Mediterranean. In several other
studies, it was reported that the main feeding group
varied between seasons. [14], reported differences
between the seasons: in autumn Copepoda was
more abundant, whereas in spring Amphipoda was
more abundant. In addition, Copepoda was found in
abundance in winter and autumn. Amphipoda
abundance was higher in summer than in other
seasons. Amphipoda and Cumacea were abundant
in spring and winter. [23], reported that although
the dominant group was Polychaeta in February,
May and July, the Bivalvia group was dominant in
September. Moreover, in November, Polychaeta
and Bivalvia were similar in importance. [19] re-
ported differences between the seasons, but in the
spring, there is a higher abundance of food com-
pared with other seasons. Our study also showed
differences between the seasons. Such differences
in the diet of M. barbatus between seasons might be
caused by the presence of certain food groups in the
environment during a specific season [40].

Diet composition in relation to time of day.
Feeding begins in the first hours of the day, then
shows an increase in subsequent hours and decreas-
es after the evening. [12, 19] conducted daily
rhythm studies in the Aegean Sea and obtained
similar results to ours. In two studies, feeding was
reported to be intense during the morning, decreas-
ing at night. However, they reported the main group
as Polychaeta.

FEB



Volume 28 — No. 4/2019 pages 2671-2678

CONCLUSION

Most of the previous studies cited in this man-
uscript reported Polychaeta as the predominant prey
item in the diet of red mullet. However, according
to the present study, Polychaeta were not the pre-
dominant prey item in the diet of red mullet in the
Black Sea. To confirm this, further research is re-
quired to investigate the feeding habits of other
predators in the Black Sea that consume Polychae-
ta. In addition, studies on the abundance of Poly-
chaeta in the Black Sea are almost negligible; there-
fore, it is important to investigate this issue. In the
present study, we reported plastic pollution in
commercial fishes from the Black Sea. This study
provides an important contribution to the
knowledge and understanding of plastic occurrence
in these commercial fish, given their importance in
Black Sea catches and human consumption. The
presence of plastic in other commercial fish species
has important consequences for human health. The
results of this study could be used for ecosystem-
based management of M. barbatus and to describe
the diversity of prey and interspecific food competi-
tion in the Black Sea.

ACKNOWLEDGEMENTS

We appreciate the crew members of the Ka-
radeniz Arastirma Gemisi and Yusuf Ceylan, and
MSc students Erhan Oztiirk and Muhammet Ema-
net for their help in laboratories. This work
was supported by Research Fund of the Recep
Tayyip Erdogan University. Project Number:
FDK-2017-754

REFERENCES

[1] Lombarte, A., Recascens, L., Gonzalez, M. and
Gil de Sola, L. (2000) Spatial segregation of
two species of Mullidae (Mullus surmuletus
and M. barbatus) in relation to habitat. Marine
Ecology Progress Series. 206, 239-249.
Hureau, J.C. (1986) Mullidae. In: Whitehead,
P.J.P., Bauchot, M.L., Hureau, J.C., Nielsen, J.,
Tortonese, E. (eds.) Fishes of the North-eastern
Atlantic and the Mediterranean. Vol. 2. Paris:
UNESCO, 877-82.

Bauchot, M.L. (1987) Bony fish. In: Fischer,
W., Bauchot, M.L. and Schneider, M. (eds.)
FAO identification sheets for the needs of the
fishery. (Revision 1). Mediterranean and Black
Sea. Fishing area 37. Vol. II. Commission of
the European Communities and FAO, Rome.
891-1421.

STECF (2013) The 2013 Annual Economic
Report on the EU Fishing Fleet (STECF 13-
15).

2676

Fresenius Environmental Bulletin

Fiorentini, L., Caddy, J.F. and de Leiva, J.I.,

(1997) Long- and short-term trends of Mediter-

ranean fishery resources. Studies and Reviews.

GFCM, No. 69. FAO, Rome, 72 pp.

Tserpes, G., Moutopoulos, D. K., Peristeraki,

P., Katselis, G. and Koutsikopoulos, C. (2006)

Study of swordfish fishing dynamics in the

eastern Mediterranean by means of machine-

learning approaches. Fisheries Research. 78,

196-202.

TUIK (2017) Turkish Statistical Institute, Fish-

ery Statistics 2016.

Beverton, R.J.H. and Holt, S.J. (1957) On the

dynamics of exploited fish populations. Fish.

Invest. Ser. 2 Mar. Fish. G.B. Minist. Agric.

Fish. Food No.19, 533 p.

Backiel, T. and Le Cren, E.D. (1978) Some

Density Relationships for Fish Population

Parameters, in S.D. Gerking (ed.), Ecology of

Freshwater Fish Production, Blackwell,

Oxford, pp. 279-302.

[10]Persson, L., Bertolo, B. and De Roos, A.M.
(2006) Temporal stability in size distributions
and growth rates of three pike (Esox lucius)
populations a result of cannibalism. Journal of
Fish Biology. 69, 461-472.

[11]Stergiou, K.I. and Karpouzi, V.S. (2002) Feed-
ing habits and trophic levels of Mediterranean
fish. Reviews in Fish Biology and Fisheries.
11(3), 217-254.

[12]Unliioglu, A., Cihangir, B., Kaya, M., Benli,
H.A. and Katagan, T. (2002) Variations in the
feeding intensity and diet composition of red
mullet (Mullus barbatus) during 24-h period in
the summertime in Hisaronii Bay. J. Mar. Biol.
Ass. UK., 82, 527-528.

[13]Mahmoud, H.H., Fahim, M.R., Srour, T.M., El-
Bermawi, N. and Ibrahim, M.A. (2017) Feed-
ing ecology of Mullus barbatus and Mullus
surmuletus off the Egyptian Mediterranean
coast. International Journal of Fisheries and
Aquatic Studies. 5(6), 321-325.

[14] Esposito, V., Andaloro, F., Bianca, D. Nata-
lotto, A., Romeo, T., Scotti, G. and Castriota,
L. (2014) Diet and prey selectivity of the red
mullet, Mullus barbatus (Pisces: Mullidae),
from the southern Tyrrhenian Sea: the role of
the surf zone as a feeding ground. Marine Biol-
ogy Research. 10(2), 167178,

[15]Sabates, A., Zaragoza, N. and Raya, V. (2015)
Distribution and feeding Dynamics of larval
red mullet (Mullus barbatus) in the NW Medi-
terranean: the important role of cladocera.
Journal of Plankton Research. 37(4), 820-833.

[16] Wirszubski, A. (1953) On the biology and

biotope of red mullet Mullus barbatus. Bull.

Sea Fish. Research Stn. Haifa. 7, 1-20.

(6]

[9]

FEB



Volume 28 — No. 4/2019 pages 2671-2678

[17] Gharbi, H. and Ktari, M.H. (1979) Diet of red
mullet (Mullus barbatus Linnaeus, 1758 and
Mullus surmuletus Linnaeus, 1758) of the Gulf
of Tunis. Bulletin de 1’Institut national scien-
tifique et technique d’océanographie et de
peche de Salammbd. 6(1-4), 41-52. (French
Original).

[18]Focardi, S., Falciai, L., Gambi, C. and Spadini,
V. (1980) Analysis of the gastric content of
Mullus barbatus L. (Perciformes: Mullidae).
Rivista di Idrobiologia. 19, 235-248. (Italian
Original).

[19] Caragitsou, E. and Tsimenidis, T. (1982a)
Seasonal changes and comparative analysis of
the food of red mullet (Mullus barbatus) in the
Guu of Saronikos and Thermaikos. Thalasso-
graph. 5, 41-61.

[20] Caragitsou, E. and Tsimenidis, T. (1982b)
Seasonal changes of food spectrum and day-
time rhythm of feeding of the red mullet (Mul-
lus barbatus) in the Thracian Sea. Thalasso-
graph. 5, 105-115.

[21]Bizsel, K.C. (1987) Seasonal variations in the
diel diet of the red mullets (Mullus barbatus
L.) in the northern Cilician Basin. MSc. Thesis.
Middle East Technical University, Mersin,
Turkey.

[22] Katagan, T., Kaya, M., Ergen, Z. and Onen,
M. (1990) The feeding regime of Mullus bar-
batus Linnaeus, 1758 species living in Izmir
Bay. Doga-Turkish Journal of Zoology. 14,

179-187. (Turkish Original).

[23] Vassilopoulou, V and Papaconstantinou, C.
(1993) Feeding habits of red mullet (Mullus
barbatus) in a gulf in western Greece. Fisheries
Research. 16, 69-83.

[24] Golani, D. (1994) Niche separation between
colonizing and indigenous goatfish (Mullidae)
along the Mediterranean coast of Israel. J. Fish
Biol. 45, 503 5033

[25]Labropoulou, M, Eleftheriou, A. (1997) The
foraging ecology of two pairs of congeneric
demersal fish species: Importance of morpho-
logical characteristics in prey selection. Journal
of Fish Biology. 50, 324-40.

[26] Vassilopoulou, V, Papaconstantinou, C,
Caragitsou, E. (2001) Adaptations of demersal
fish species in a nutrient-rich embayment of the
Ionia Sea (Greece). In: Thurston, R.V. (ed.)
Fish Physiology, Toxicology, and Water Quali-
ty. Proceedings of the 6th International Sympo-
sium. Athens, GA: Ecosystem Research Divi-
sion. 107-21.

[27] Cherif, M., Ben Amor, M.M., Selmi, S., Ghar-
bi, H., Missaoui, H. and Capape, C. (2011)
Food and feeding habits of the red mullet, Mul-
lus barbatus (Actinopterygii: Perciformes:
Mullidae), off the northern Tunisian coast (cen-
tral Mediterranean). Acta Ichthyologica et Pis-
catoria. 41, 109-16.

2677

Fresenius Environmental Bulletin

[28]Hyslop, E. (1980) Stomach contents analysis-a
review of methods and their application. Jour-
nal of Fish Biology. 17, 411-429.

[29] Cortés, E. (1997) A critical review of methods
of studying fish feeding based on analysis of
stomach contents: application to elasmobranch
fishes. Canadian Journal of Fisheries and
aquatic Science. 54, 726-738.

[30] Kitsos, M.S., Tzomos, T., Anagnostopoulou, L.
and Koukouras, A. (2008) Diet composition of
the seahorses, Hippocampusguttulatus Cuvier,
1829 and Hippocampus hippocampus (L.,1758)
(Teleostei, Syngnathidae) in the Aegean Sea.
Journal of Fish Biology. 72, 1259-1267.

[31]Clarke, K.R. and Warwick, R.M. (1994)
Changes in Marine Communities: An Ap-
proach to Statistical Analyses and Interpreta-
tion. Natural Environment Research Council,
Plymouth. 144p.

[32] Clarke, K.R. (1993) Non-parametric multivari-
ate analysis of changes in community structure.
Australian Journal of Ecology. 18, 117-143.

[33]Labropoulou, M. and Papadopoulou-Smmbh,
K.N. (1999) Foraging behaviour patterns of
four sympatric demersal fishes. Estuar. Coast.
Shelf Sci. 49(Suppl. A), 99-108.

[34] Aguirre, H. (2000) Aspectos biologicos y eco-
logicos del salmonete de fango Mullus barba-
tus L., 1758 y del salmonete de roca Mullus
surmuletus L., 1758, del Mediterraneo Noroc-
cidental. PhD Dissertation. Polytechnic Uni-
versity of Catalunya, Spain. 261p.

[35]Machias, A. and Labropoulou, M. (2002) Intra-
specific variation in resource use by Red Mul-
let, Mullus barbatus. Estuarine Coastal and
Shelf Science. 55, 565-578.

[36] Aguirre, A. and Sanchez, P. (2005) Feeding
resource partitioning between Mullus barbatus
and M. surmuletus in the Catalan Sea (north-
western Mediterranean). Cienc. Mar. 31(2),
429- 439.

[37]Bautista-Vega, A.A., Letourneur, Y., Harmel-
in-Vivien, M. and Salen-Picard, C. (2008) Dif-
ference in diet and size-related trophic level in
two sympatric fish species, the red mullets
Mullus barbatus and M. surmuletus, in the Gulf
of Lions (NW Mediterranean). J. Fish. Biol. 73,
2402-2420.

[38]Cézar, A., Echevarria, F., Gonzalez-Gordillo,
J.I, Irigoien, X., Ubeda, B., Hernéndez-Ledn,
S., Palma, A.T., Navarro, S., Garcia-de-Lomas,
J., Ruiz, A., Fernandez-de-Puelles, M.L., Du-
arte, C.M. (2014) Plastic debris in the open
ocean. Proc. Natl. Acad. Sci. 111, 10239—
10244.

FEB



Volume 28 — No. 4/2019 pages 2671-2678 Fresenius Environmental Bulletin

[39] Baalkhuyur, F.M., Bin Dohaish, E.A., Elhal-
wagy, M.E.A., Alikunhi, N.M., AlSuwailem,
A.M., Rgstad, A., Coker, D.J., Berumen, M.L.
and Duarte, C.M. (2018) Microplastic in the
gastrointestinal tract of fishes along the Saudi
Arabian Red Sea Coast. Marine Pollution Bul-
letin. 131, 407-415.

[40] Unliioglu, A. 1995. Investigations of the
Feeding Habits of Bogue (B. boops, Lin. 1758),
Horse mackerel (7. trachurus, Lin., 1758),
Sardine (S. pilchardus, Walbaum 1792) and
Anchovy (E. encrasicholus, Lin 1758) in Izmir
Bay, Dokuz Eyliil University, Institute of
Marine Science and Technology, Izmir.

Received: 19.11.2018
Accepted: 24.02.2019
CORRESPONDING AUTHOR
Hatice Onay

Recep Tayyip Erdogan University,
Fisheries Faculty,

Zihni Derin Campus,

Rize, 53500 — Turkey

e-mail: hatice.bal@erdogan.edu.tr

2678

FEB


https://www.researchgate.net/publication/332207903



