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A B S T R A C T  
Blunthead puffer Sphoeroides pachygaster (Müller and Troschel, 1848) is a 

circumglobally distributed Tetraodontid found in temperate and tropical waters. It is 
believed to have colonized the Mediterranean Sea from the Atlantic Ocean.  There are 
relatively few records of this fish in the Mediterranean Sea. On March 2020, a mature 
female individual was caught incidentally by a commercial fisher in Northern Cyprus. The 
fish was 520 mm in total length and 1200 grams in total weight. Detailed morphometrics 
and meristics were reported. This study is the first substantiated record of S. pachygaster 
from Cyprus waters, and the specimen is the largest blunthead puffer reported with a 455 
mm standard length and 520 mm total length. 
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Introduction 

Four genera of Tetraodontidae are found in the 
Mediterranean, which are Torquigener, Ephippion, Sphoeroides, 
and Lagocephalus (Golani, 1987, 1996; Reina-Hervás et al., 
2004; Akyol et al., 2005; Corsini et al., 2005; Vacchi et al., 2007; 
Vella et al., 2017). The blunthead puffer, Sphoeroides 
pachygaster (Müller and Troschel, 1848), inhabits warm and 
tropical waters circumglobally and is distributed widely in the 
Atlantic Ocean (Sampaio et al., 2001), generally inhabiting the 
deep sea and found between depths of 50-480 m (Matasuura 
and Tyler, 1997). In the Mediterranean Sea,  S. pachygaster was 
reported for the first time in 1979 in the waters of the Balearic 
Islands, Western Mediterranean Basin (Oliver, 1981). The 
species was first reported for the Eastern Mediterranean Basin 
of Israel in 1991 (Golani, 1996). Two specimens of S. 
pachygaster were reported from the North Aegean Sea in 2003 
(Eryılmaz et al., 2003), and its northernmost record was from 
Slovenia (Adriatic) in 2012. S. pachygaster is broadly distributed 
throughout the Mediterranean Basin according to the available 
literature given for this species. But, reports of its existence in 
some areas are still relatively low (Lipej et al., 2013). The 
presence of S. pachygaster in Cyprus was first reported in 2005 
by Katsanevakis et al. (2009).  

Like other pufferfish species, S. pachygaster is a predatory 
fish species. They mostly feed on mollusks, crustaceans, and 
teleosts (Carbonara et al., 2017). The largest individual reported 
for the species is 466 mm in total length (Rahman et al., 2014). 
Here we present the first record of S. pachygaster from the west 
coast of Northern Cyprus, maximum length report of the 
species up to date, and the first detailed morphometrics for this 
species on the island.  

Material and Methods 

During a fishing port survey carried out by bycatch 
observers of the non-governmental organization (NGO) 
Society for Protection of Turtles on March 11, 2020, a S. 
pachygaster specimen was noted among the threatened species 
bycatch reported by a participating commercial fisher. As part 
of a bycatch monitoring program, the fisher was being tracked 
using a remote GPS data logger (I Got U, GT-.600 recording 
one location every 5 minutes). The specimen was caught 
incidentally at a bottom-set trammel net at 250 m deep 
(recorded on the fishing vessel depth sounder), between four to 
seven nautical miles from the coast of Yedidalga, Northern 
Cyprus (Coordinates: 35°12.452 N, 32°49.891 E) (Figure 1). 

Figure 1. GPS track (dark black line) from an onboard data 
logger of the set placement in which S. pachygaster was caught 
off the coast of the west coast of Northern Cyprus. Bathymetric 
contours labeled are in meters 

The fisher was targeting European hake (Merluccius 
merluccius (Linnaeus, 1758)) using a trammel net with a 25 mm 
internal mesh bar length,140 mm outer nets, and a net height 
of 1.5-2 m. The length of the set was 3000 m. The setting of the 
net began at 03:34 and ended at 04:32. According to the fisher, 
the benthos substrate at the set location was muddy. The haul 
began at 06:02 and ended at 09:42. At the port, the participating 
fisher informed the observers of an unusual fish among the 
longnose spur dogs (Squalus blainville (Russo, 1827)) and 
thornback rays (Raja clavata (Linnaeus, 1758)) which were 
being reported routinely as bycatch. The specimen was 
transferred to the SPOT offices in Nicosia and immediately 
frozen. 

On thawing for examination, species identification was 
accomplished, according to Cherif et al. (2010). Morphometric 
measurements were taken, stomach content was analyzed 
macroscopically, and gender was determined through 
macroscopic examination of the gonads. 

Results 

The S. pachygaster specimen was found to be a mature 
female. Its total length was 520 mm, and it weighed 1200 g. The 
stomach was empty, and part of the intestine had become 
prolapsed. The specimen (Figure 2) had a smooth skin without 
any scales or spines. The dorsal fin was short and located in the 
same vertical line with the anal fin. The pelvic fin was absent. 
The edges of the caudal fin were spherical, and the tip was flat. 
The pectoral fin was more prominent than other fins and, the 
base was darker. The lower part of the body was rough and 
white, with the potential for inflation of the body, like other 
puffers. The dorsal of the body was greyish-brown-green, and 



Akbora et al. (2021) Marine Science and Technology Bulletin 10(1): 1-7 

3 

Table 1. Comparison of morphometric and meristic characters of S. pachygaster with some previous studies 

Measurements 

This study Cherif et al. (2010) Hemida et al. (2009) 

Value %TL Value %TL Value %TL 

Morphometrics (mm) 

TL 520 100 101 100 330 100 

SL 455 87.5 90 89.1 295 89.4 

HL 150 28.8 32.1 31.8 100 30.3 

HH 92 17.7 25.3 25 60 18.2 

EHD 28 5.4 8.1 8 21 6.4 

EVD 18 3.5 4.1 4.1 21 6.4 

IOS 65 12.5 17.9 17.7 30 9.1 

SNL 79 15.2 11.4 11.3 40 12.1 

POL 50 9.6 10.7 10.6 35 10.6 

WOP 49 9.4 12.1 12 35 10.6 

WGO 31 6.0 8.2 8.1 25 7.6 

PDL 335 64.4 61.5 60.9 215 65.2 

DFL 42 8.1 9.5 9.4 25 7.6 

DFB 18 3.5 6.1 6 11 3.3 

AFL 34 6.5 10.2 10.1 30 9.1 

AFBL 12 2.3 3.5 3.5 11 3.3 

PFL 63 12.1 13.4 13.3 30 9.1 

CFL 65 12.5 15.6 15.4 38 11.5 

BT 93 17.9 28.9 28.6 90 27.3 

BH 82 15.8 33.9 33.6 90 27.3 

NGD 7 1.3 3.7 3.7 6 1.8 

NLD 4,3 0.8 2.6 2.6 4 1.2 

INS 32 6.2 13.6 13.5 30 9.1 

Meristics (mm) 

DFSR 8 8 8 

AFSR 8 8 8 

PFSR 16 15 15 

CFSR 13 12 10 

Weights (g) 

TW 1200 47.91 650 

LW 70 2.59 

GW 20 0.16 

Gender Female Female Male 

Note: Abbreviations used: TL (Total length), SL (Standard length), HL (Head length), HH (Head height), EHD (Eye horizontal 
diameter), EVD (Eye vertical diameter), IOS (Interorbital space), SNL (Snout length), POL (Postorbital length), WOP (Width of 
pedunculum), WGO (Width of gill opening), PDL (Predorsal length), DFL (Dorsal fin base), AFL (Anal fin length), AFBL (Anal fin 
base length), PFL (Pectoral fin length), CFL (Caudal fin length), BT (Body thickness), BH (Body height), NGH (Nostril greatest 
diameter), NLD (Nostril lesser diameter), INS (Internarial space), DFSR (Dorsal fin soft rays), AFSR (Anal fin soft rays), PFSR (Pectoral 
fin soft rays), CFSR (Caudal fin soft rays), TW (Total weight), LW (Liver weight), GW (Gonad weight). 
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Table 2. Some capture data from the Mediterranean 

Location Year Depth (m) Catch method Sex Total Length (mm) Reference 

Strait of Sicily 1990-1994 80-400 Bottom trawl ♀,♂ 95-455 Ragonese et al. (1997) 

Saros Bay 1999-2001 125-180 Bottom trawl N/A 167-395 Eryılmaz et al. (2003) 

Tyrrhenian Sea 2004 360 Bottom trawl ♂ 137 Psomadakis et al. (2008) 

Algerian Coast 2008 150 Trawl ♂ 330 Hemida et al. (2009) 

Cyprus 2009 N/A N/A N/A N/A Katsanevakis et al. (2009) 

Strait of Messina 2012 N/A N/A ♂ 280 Giordano et al. (2012) 

Syria 2012 250 Bottom longline ♀ 312-466 Rahman et al. (2014) 

Adriatic Sea 2012-2015 75-125 Trawl and longline ♀,♂ 200-355 Carbonara et al. (2017) 

Cyprus 2020 250 Bottom trammel net ♀ 520 Present study 

there were dark blotches on the body. Its large eyes were oval-
shaped, located dorsally in the head, and orientated 
longitudinally to the body. The head was large, and the snout 
was round. A pair of teeth in the upper and lower jaw were 
fused, and beak-shaped. 

Figure 2. Photo taken by the observer while the specimen 
caught 

All morphometric measurements and meristics of the 
specimen are given in Table 1, where they are also compared 
with those taken in two other chosen studies. Also, some 
capture data of S. pachygaster from the Mediterranean Sea were 
given in Table 2. 

Discussion 

The introduction of pufferfish species to the Mediterranean 
is a well-known issue. Lagocephalus lagocephalus (Linnaeus, 
1758) is a native pufferfish species for the Mediterranean Sea. 
Ephippion guttifer (Bennett, 1831), Sphoeroides marmoratus 
(Lowe, 1838), S. pachygaster (Müller and Troschel, 1848), and 
S. spengleri (Bloch, 1785) are migrated from the Atlantic
Ocean. Tylerius spinosissimus (Regan, 1908), Torquigener
flavimaculosus (Hardy and Randall, 1983), L. sceleratus
(Gmelin, 1789), L. spadiceus (Richardson, 1845), L. suezensis
(Clark and Gohar, 1953) and L. guentheri (Miranda Ribeiro,

1915) are Lessepsian migrants (Bariche et al., 2015; Vella et al., 
2017). The global conservation status of S. pachygaster is 
reported as Least Concern in The IUCN Red List of Threatened 
Species (Shao et al., 2014). 

With the ability to inflate their bodies with air or water, they 
can protect themselves from many predator fishes who ingest 
by vacuum in the Mediterranean Sea (Brainerd, 1994). Besides, 
many types of pufferfish cannot be used as a food source for 
humans, thanks to the tetrodotoxin they contain, and so are not 
commercially exploited and can be returned to the sea alive. 
Some species of pufferfish, including S. pachygaster, are known 
to be non-toxic (Tani, 1945; Jeong et al., 1994). A study shows 
that S. pachygaster can accumulate TTX if incubated with it for 
a long time (Nagashima et al., 2018). Since it is known that TTX 
is transferred to pufferfish through the food chain (Bane et al., 
2014), it would be more accurate to say that S. pachygaster can 
accommodate TTX in favorable conditions. Therefore, 
consumption can lead to severe poisoning cases. S. pachygaster 
can be distinguished from other Tetraodontidae members by 
several characteristics. First, it prefers to live in deeper waters 
than other species living in the Mediterranean Sea. Its body 
structure is chunkier than other species, and the skin is 
completely smooth. The snout is rounded. The dorsal of the 
body is grayish and covered with brownish spots. Fins are 
relatively shorter than other species of their size (Rahman et al., 
2014). 

With its 455 mm standard length and 520 mm total length, 
our specimen is the largest blunthead puffer ever reported 
globally, but it is not the heaviest. The most massive individual 
was reported by Rahman et al. (2014) as 1850 gr. The fish’s 
stomach was found to be empty, which may, in part, be due to 
vomiting and prolapse during capture. In order to reach a more 
reliable conclusion on the spawning season, more fish samples 
must be collected, and maturity studies should be conducted. 
All the morphometric and meristic data agreed with the 
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previous studies. According to Table 1, anal fin length, anal fin 
base length, body thickness, and body height percentages are 
smaller in our study. These differences may be coincidental or 
related to the age and biological condition of the fish. In order 
to make healthy comments on this subject, length-weight and 
age analysis should be done on more samples. 

The most common technique to catch S. pachygaster is 
trawling. The catching of fish occurred mostly at depths of 
more than 100 m. The genders of the captured samples are 
variable. Juvenile and adult individuals were caught at similar 
depths together in the same studies (Ragonese et al., 1997; 
Eryılmaz et al., 2003; Psomadakis et al., 2008; Hemida et al., 
2009; Rahman et al., 2014; Carbonara et al., 2017). S. 
pachygaster caught in our research is the first case of catch by 
using a bottom trammel net. 

In Cyprus waters, introduced Lagocephalus sceleratus 
(Gmelin, 1789) and Torquigener flavimaculosus (Hardy and 
Randall, 1983) are the most abundantly observed and caught 
pufferfish species according to local fishers (Personal 
observation). Some commercial vessels land more than a ton of 
L. sceleratus annually (Robin Snape, unpublished data).
Blunthead puffer is a deep-sea species and generally does not
frequent the shallower depths of most commercially targeted
species in Cyprus (most commercial fishing in Northern
Cyprus occurs on the benthos at <100 m depth, Robin Snape
personal observation). This species is somewhat protected from
fisheries through its habitat preferences and may also be
underrepresented in related research. S. pachygaster was
recorded for the first time from Cyprus in 2005 (Katsanevakis
et al., 2009). For L. sceleratus in Cyprus, gonadosomatic index
and toxicity studies are present (Rousou et al., 2014; Akbora et
al., 2020). There is a gap of information for the toxicity of S.
pachygaster in Cyprus. Under the Fisheries Retailing Places
Regulation (14.10.2005 - R.G. 176 - ANNEX III - A.E. 596
Regulation); “It is forbidden to sell pufferfish (Tetraodontidae,
Canthigasteridae), porcupine fish (Diodontidae), and
prop/moons (Molidae)” (KKTC Mahkemeleri, 2020). Despite
the stated ban in the regulation, many species of pufferfish are
consumed unconsciously by many people due to their
consumption in the Far Eastern countries. To prevent the risks
that may arise in the case of encountering this rare species in
the region, the toxicity study should be conducted by
conducting targeted sampling of the species. Locals must be
informed of the results collected.

Conclusion 

In Cyprus, trawling is prohibited, and this reduces the 
chance of encounters of organisms such as S. pachygaster, 

which are living in the deep seas. The specimen presented in 
this study is the biggest individual reported up to date, and the 
first S. pachygaster, which was reported to catch by a bottom 
trammel net. 
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A B S T R A C T  
In this study, the morphological characteristics and length-weight relationships of 

Sciaena umbra (Linnaeus, 1758) belonging to the Sciaenidae family, which is represented 
by five species in the Mediterranean basin and two species in the Black Sea, were 
investigated. Sampling was carried out in the Black Sea Region (Samsun, Ordu, Giresun, 
Trabzon) between March 2019 and February 2020. A total 54 of individuals were sampled 
and 15 different metric measurements were performed in each sample to determine their 
morphological characteristics. The mean total length and weight were estimated as 357.8 
mm (117-580) and 845.3 g (16.4-2485.1), respectively. Total length was compared with 
morphometric characters and the lowest ratio was found with eye diameter (4.3%) and the 
highest ratio was with anal distance (59.9%). In the relation between the total length and 
morphological characters of the highest and the lowest correlation were observed in dorsal 
distance with r2=0.993 and the anal height with r2=0.938. A strong correlation (r2 = 0.993) 
was found between the total length and weight relationship and the growth was positive 
allometric b> 3. This paper reports the first documented of morphometric characteristics 
of the species. It is considered to contribute to fisheries biology and international scientific 
literature. 

Please cite this paper as follows: 

Aydın, M., Bodur, B. (2021). Morphologic characteristics and length-weight relationships of Sciaena umbra (Linnaeus, 1758) in the 
Black Sea coast. Marine Science and Technology Bulletin, 10(1): 8-15. 

Introduction 

The brown meagre, Sciaena umbra Linnaeus, 1758, is one of 
the five species of the Sciaenidae (croakers or drums) family 
present in the Mediterranean Sea (Fischer et al., 1987). It is a 
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demersal species with a wide distribution from the East Atlantic 
Ocean to the Mediterranean, Aegean, Black Sea and Azov Sea 
(Artüz, 2006; La Mesa et al., 2008; Chao, 2015). This species, 
which mostly lives on rocky and hard substrata, can grow up to 
a maximum length of 70 cm, but they are mostly found around 
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30 cm (Bauchot, 1987). The brown meagre is distributed in all 
the coasts of Turkey. This species is social and lives in small 
groups (20-150 individuals) (Artüz, 2006). The brown meagre 
is a sedentary and gregarious species living in shelters on rocky 
bottoms close to caves or large crevices in which it can shelter, 
or hidden within Posidonia and Zostera beds (Harmelin, 1991; 
Keskin, 2007). It is a nocturnal fish but it can sometimes to be 
found during the day (Frimodt, 1995). The brown meagre 
occurs in shallow coastal waters but especially when the water 
temperature down they prefer deeper waters and it may be 
found 200 m depth (Chauvet, 1991; Artüz, 2006). In the North 
Mediterranean Region, it has been reported that the species 
stocks have decreased significantly due to factors such as its life 
history, behavioral characteristics, habitat degradation, and 
pressures of small-scale professional and amateur fishing 
(Harmelin, 1991). In addition, spearfishing had a negative 
impact on its stocks (Harmelin-Vivien et al., 2015). There are 
289 different species belonging to the Sciaenidae family (Chao, 
1986; Chao, 2015; Parenti, 2020). The family is represented by 
two species (Sciaena umbra and Umbrina cirrosa) in the Black 
Sea (Fischer et al., 1987; Chao, 2015). There are some studies on 
the growth, reproduction and feeding habits of the species 
(Chakroun and Ktari, 1981; Fabi et al., 1998; Froglia and 
Gramitto, 1998; Chakroun-Marzouk and Ktari, 2003; Fabi et al., 
2006; Derbal and Kara, 2007; Engin and Seyhan, 2009). 
However, there is no detailed study on the morphometric 
character of the species. Identification of morphometric 
characters is very important for fish fauna studies in marine 
ecosystem and determination of intra-species variations 
(Çoban et al., 2013). In addition, length-weight relationships 
allow morphological comparisons between different fish 
species or fish populations from different habitats and different 
regions (Gonçalves et al., 1997; Oscoz et al., 2005; Gül et al., 
2017).The aim of this study was to provide data on the length 
and weight and morphometric characters of  S. umbra species 
in the Black Sea. 

Material and Methods 

A total of 54 individuals were collected on a monthly and 
transported to the laboratory then measurements were made 
during the day. Fifteen metric measurements from S. umbra 
were performed. These measurements were 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. Depth of anal fin (DAF), 12. Max. body 
depth (MBD), 13. Caudal peduncle minimal depth (CPMD), 

14. Pectoral length (PecL), 15. Pelvic length (PelL), respectively
(Figure 1).

Figure 1. Overview of the morphometric measurements of 
Sciaena umbra (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: Depth of 
anal fin (DAF), 12: Max. body depth (MBD), 13: Caudal 
peduncle minimal depth (CPMD), 14: Pectoral length (PecL), 
15: Pelvic length (PelL) 

All individuals were measured for total length (TL, mm) to 
the nearest 0.1 and weighted (W, g) to the nearest 0.01. Digital 
compass with 0.1 cm sensitivity was used for morphometric 
measurements. Lengths that cannot be measured with calipers 
are used with a ruler. Thirteen morphometric characters were 
evaluated as TL%. Regression analysis of differences body parts 
against TL of the fish were drawn by least square method. 
Dependent and independent variables, TL and morphometric 
measurements were transformed using log 10. 

Length-weight relationship was estimated using the 
equation 𝑊𝑊 = 𝑎𝑎𝐿𝐿𝑏𝑏  (W: Weight (g), L: total length (cm)), where 
“a” is the coefficient and “b” is an exponent indicating isometric 
growth when equal to 3. The “b” value was tested by student’s 
t-test to verify if it was significantly different from isometric
growth (Ricker, 1975; Pauly, 1984).

Results 

Length and Weight Relationships 

A total of 54 different size of S. umbra (36 female, 18 male) 
were sampled with the smallest individuals 117 mm and the 
largest 580 mm. Length and weight relationships of S. umbra 
was shown in Figure 2. 

A strong correlation relationship between length and weight 
(r2 = 0.993) was calculated. The value of “b=3.190” is different 
than 3 (p> 0.05). It was determined that growth was positive 
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allometric b> 3. The length-weight relationship parameters for 
Sciaena umbra were given regardless of gender (Table 1). 

Figure 2. Total length and weight relationships of Sciaena 
umbra 

Table 1. The length-weight relationship parameters for Sciaena 
umbra in the Southern Black Sea region 

N a b 
95% CI  
(+SD) 

r2 
Pauly 
t-test 

P 

54 0.000004 3.190 
3.118-3.263 

(+0.035) 
0.993 5.06 > 0.05 

Note: N: Number of individuals; a: Intercept; b: Slope; CI: Confidence 
interval; SD: Standard deviation; r2: Determination coefficient; P: 
Probability of the t-test (H0: b = 3). 

Morphologic characteristics 
S. umbra has a double dorsal fin. The second dorsal fin is

longer than the first and located very close to each other. In 
addition, juvenile individuals have high first dorsal fin. As the 
individuals grow, the first dorsal and second dorsal highs are 
almost similar. The pectoral fin position is ahead of the position 
of the first dorsal and pelvic fin and the length of the pectoral 
fin does not extend until the end of the pelvic fin. Even though 
its appearance can change in different habitats, in generally its 

dorsal part is dark brownish and purplish in color and the lower 
part of the line lateral has a lighter bronze metallic color. Dorsal 
fins are bronze metallic light brown, the first rays of the pelvic 
fin are white, while the other parts are dark black like the anal 
fin. Also, the anal fin has a white and very thick bony structure. 
It is surrounded by a black band at the ends of the caudal and 
dorsal fins and the caudal fin has a single lobed structure. S. 
umbra has a single continuous lateral line extending to hind 
margin of caudal fin. Scales ctenoid (edge comb-like) cover 
entire body, except tip of snout. The head is covered with 
cycloid scales. The head length is about 25.9% of the total length 
(Table 3). The eye size is relatively larger than the head. Even 
though some species of the Sciaenidae has barbels, this species 
has not. Swim bladder is located between the viscera and the 
backbone and the organ is a carrot-shaped form (Figure 3). The 
inflated swim bladder is 15 cm long and has a diameter of 5 cm 
for a fish with a length of 44.3 cm. 

S. umbra has 3-4 rows of villiform teeth in both jaws and it
also has dense pharynx teeth. On the first gill arch has 14-15 
short, blunt shape gill raker (Figure 4). 

Six meristic characters were examined. The lists of meristic 
characters used for analysis of S. umbra are presented in Table 
2. The first dorsal fin has 10 spine rays and the second dorsal
fin has one spine ray and 23 soft rays. The anal fin has two spine
rays and 7 soft rays. The second spine of ray is almost 7 times
the length of the other spine.

Table 2. Meristic features of Sciaena umbra 

Meristic features 

Dorsal fin D1 X, D2 I 23 

Pelvic fin I, 5 

Anal fin II, 7 

Pectoral fin 12 

Caudal fin 16 

Gill rakers 14-15

Linea lateral 72-76

Figure 3. Swim bladder of Sciaena umbra 
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Figure 4. Pharynx teeth (A) and the first gill arch (B) of Sciaena umbra 

Table 3. Some metric properties of Sciaena umbra 

Characters Mean +SE Min. Max. %TL 

Total length (mm) 357.8 116.42 117.0 580.0 --- 

Standard length (mm) 306.1 104.67 91.5 490.0 --- 

Head length (mm) 92.8 33.60 29.5 152.1 25.9 

Post-orbital distance (mm) 52.9 21.43 12.7 88.7 14.8 

Eye diameter (mm) 15.3 4.90 6.51 25.1 4.3 

Pre-dorsal distance (mm) 108.6 39.38 33.6 181.1 30.4 

Length of D1 fin basis (mm) 65.7 22.47 20.0 112.9 18.4 

Length of D2 fin basis (mm) 110.8 36.65 35.1 178.0 31.0 

Pre-anal distance (mm) 214.3 75.64 63.5 340.0 59.9 

Length of anal fin basis (mm) 27.5 8.50 10.8 39.6 7.7 

Depth of anal fin (mm) 53.3 12.40 23.0 76.4 14.9 

Max. body depth (mm) 100.5 35.42 28.5 156.1 28.1 

Caudal peduncle minimal depth (mm) 29.2 10.80 7.2 50.4 8.2 

Pectoral length (mm) 59.2 18.91 20.8 88.6 15.5 

Pelvic length (mm) 61.2 15.71 26.7 88.5 17.1 

Total weight (g) 845.3 646.03 16.4 2485.1 --- 

Morphometric characters 

The mean total length and weight of the individuals 
sampled was 357.8 mm (117-580) and 845.3 g (16.4-2485.1), 
respectively. The mean, standard errors, minimum and 
maximum values of the morphometric properties of all samples 
are given in Table 3. In addition, the morphometric properties 
of the S. umbra were proportional to the total length and the 

smallest ratio was eye size (4.3%) and the highest ratio was the 
pre-anal distance (59.9%). The maximum body depth of the 
species is 28.1% of the total length. 

The relationship between the morphometric characteristics 
and total length were analyzed with regression equations. 
Correlation coefficients of morphometric lengths-total length 
relationships were given in Table 4. The closest relationship was 
found between total length (TL) and pre-dorsal distance (PDD) 
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according to linear regression values (r2=0.993) and the weakest 
relationship with depth of anal fin (DAF) (r2=0.938). 

Table 4. Linear regression statistics of various morphometric 
measurements of Sciaena umbra against total length 

Regression Formula r2 
HL = 0.2865TL – 9.6954 0.985 
POD = 0.1822TL – 12.254 0.979 
ED = 0.0412TL + 05998 0.957 
PDD = 0.3371TL – 11.952 0.993 
D1L = 0.1897TL – 2.1849 0.966 
D2L = 0.3122TL – 0.9396 0.983 
PAD = 0.6454TL – 16.616 0.986 
AL = 0.0712TL – 2.0365 0.950 
DAF = 0.1031TL – 16.434 0.938 
MBD = 0.2991TL – 6.5069 0.969 
CPMD = 0.0912TL – 3.3690 0.965 
PecL = 0.1597TL + 2.0764 0.966 
PelL = 0.1315TL + 14.1080 0.950 

Note: 1. Total length (TL), 2. Head length (HL), 3. Post-orbital distance 
(POD), 4. Eye diameter (ED), 5. Pre-dorsal distance (PDD), 6. Length 
of D1 fin basis (D1L), 7. Length of D2 fin basis (D2L), 8. Pre-anal 
distance (PAD), 9. Length of anal fin basis (AL), 10. Depth of anal fin 
(DAF), 11. Max. body depth (MBD), 12. Caudal peduncle minimal 
depth (CPMD), 14. Pectoral length (PecL), 15. Pelvic length (PelL). 

Discussion 

In the study, a total of 54 individuals were sampled (36 
females and 18 males). Length of all individuals ranged from 
117-580 mm with 357.8 mm average. Karakulak et al. (2006)
reported the maximum length as 29.8 cm, Karachle and
Stergiou (2008) as 16 cm, Bilge et al. (2014) as 40.4 cm for S.
umbra in the Aegean Sea. Cengiz et al. (2019) declared that the
largest individual was 41.7 cm for the Aegean Sea. Engin (2003)
determined the maximum length as 72 cm for Black Sea.
Considering these results, it can be said the population in the
Black Sea has larger individuals than the Aegean Sea
population. The “a” and “b” coefficients obtained in the
relationship between length and weight may differ depending
on reasons such as environmental factors, nutrient abundance,
reproductive activities (Mommsen, 1998).

In this study, “b” value was calculated as 3.1909 and it was 
determined that growth was positive allometric (b>3). Few 
studies on the species reported that the growth were negative 
allometry (Karachle and Stergiou, 2008; Maci et al., 2009; 
Crec’hriou et al., 2013), while most of study reported to be 
positive allometric growth (Morey et al., 2003; Karakulak et al., 
2006; La Mesa et al., 2008; Engin and Seyhan, 2009; Grau et al., 
2009; Bilge et al., 2014; Chater et al., 2018). The “b” value may 
be different from one population to another of the same species. 

The fluctuating can be assigned to factors such as food 
availability, feeding rates, whether sampling was done during 
the spawning season, differences in the number of specimen 
sampled, the period of sampling (Bagenal and Tesch, 1978; 
Moutopoulos and Stergiou, 2002; Mahé et al., 2018). Karachle 
and Stergiou (2008) and Maci et al.  (2009) were used very small 
individuals in their study. Therefore they maybe have estimated 
the “b” value less than 3. Crec’hriou et al. (2013) reported “b” 
value as 2.91. It can be said to be use few individuals (n: 16). It 
is determined that the species has a highly developed swim 
bladder. Similarly, Picciulin et al. (2016) stated that the swim 
bladder of the species has a highly developed (Figure 3), it can 
make sounds using the muscles in the lower parts and they can 
establish social relationships with other individuals around 
them. There may be some changes in the morphometric 
characters of the fish after adaptation of a fish species to 
different environmental conditions (Blackith and Albrecht, 
1959; Avşar, 1995). Morphometric measurements are used to 
determine similarities or differences between one stock and 
another. In addition, it is widely use taxonomic categories for 
fisheries biology area (Dwivedi and Dubey, 2013). Although the 
S. umbra species is distributed to the East Atlantic Ocean, the
Mediterranean, Aegean, Marmara, Black Sea and the Sea of
Azov (Artüz, 2006; Chao, 2015), there are very few biological
studies (Engin, 2003, Engin and Seyhan, 2009)  on the species,
but no data are available about morphometric characters.
Recent recreational fishing activity particularly from
spearfishing had a negative impact on its stocks on the
Mediterranean Sea and Black Sea (Harmelin-Vivien et al.,
2015). On the one hand, in recent years a large part of the
coastal area of the Southern Black Sea has been filled up for the
highway and airport construction as well as land acquisitions.
It is thought that this development had a positive impact on S.
umbra species in terms of population increase. Lately, a
noticeable increase has been observed on such species (Aydın
and Sözer, 2016). Since the habitat structure of the Black Sea is
limited rocky areas, does not allow the shelter for small
individuals. It is thought that filled coastal areas provide
suitable habitats for these species’ juveniles.

Conclusion 

The scientists rarely provided samples for research this 
species because of high economic value, living in limited areas 
and fishing requires special skills. Consequently, there is few 
study on the species. Thus, this is the first documented of 
morphometric characteristics of the species. This paper is 
considered to contribute to fisheries biology and international 
scientific literature. 
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A B S T R A C T  

The purpose of this research is to determine the shellfish consumption preferences and 
habits between November 2019 and February 2020 in Erzurum province. A survey consisting 
of 15 questions was asked face to face with 122 people randomly selected to obtain some results 
relevant to participant’s average monthly income, educational background, their occupational 
status. The relationships between the demographic characteristics of the participants and the 
consumption habits of shellfish were analyzed with the Chi-square test. When demographic 
data were examined, 46.72% of the participants were female, 53.28% were male. The highest age 
group with a rate of 41,80% is 21-30 years old, the lowest being 61-70 years old with a rate of 
4,92% has been identified as the group. When the education levels of the participants were 
analyzed, it was determined that the highest rate (60.65%) was belonged to university graduates. 
According to the result, 83.3% of the participants stated that they had not information about 
the nutritional value of shellfish. Also, it was determined that 66.2% of the sharers preferred 
mussels compared to crustaceans. This study in Erzurum, where the consumption of shellfish 
is very low compared to the seashore cities, is also an important data source in terms of 
providing ideas for different researches and aquaculture systems. 

Please cite this paper as follows: 

Oğuzhan Yıldız, P., Arslan, G. (2021). Determination of shellfish consumption preferences and habits in Erzurum province. Marine 
Science and Technology Bulletin, 10(1): 16-22. 

Introduction 

Since aquaculture is rich in protein, vitamins and minerals, 
it is among the foods that have an important place in human 
nutrition and are recommended for health. Aquaculture in 
terms of consumption; includes molluscs, crustaceans and all 
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kinds of fish and marine mammals. (Baysal, 2004; Oğuzhan et 
al., 2006). 

Shellfish have been used as a food source of people since 
ancient times (Başçınar, 2007). Due to its animal origin, it is 
among the foods with high biological value, especially 
recommended for the nutrition of children. They contain 
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mainly protein, iodine, phosphorus, zinc, vitamin E, niacin, 
vitamin B12, unsaturated fatty acids, omega-3, omega-6, 
docosahexaenoic acid (DHA), eicosapentaenoic acid (EPA) and 
many bioactive beneficial components. Because they contain 
these extremely valuable and useful ingredients, they are 
classified as more valuable than many animal foods and are in 
the category of "functional foods", also referred to as 
nutraceuticals in recent years (Tokuşoğlu, 2016). 

Shrimp, crab, lobster, mussel and oyster are the main 
shellfish products. World fish production (fish, crustaceans and 
molluscs) is 172.7 million tons in 2017. In 2017, 53.4 million 
tons of world aquaculture production was fish (66.6%), 17.4 
million tons of molluscs (21.7%), 8.4 million tons of crustaceans 
(10.5%) and 0.9 million. tonnes consisted of other aquatic 
animal species (1.1%). The production of crustaceans and 
molluscs is also important in marine fish, which is mostly 
composed of marine fish. In our country, 21.8% of the total 
marine products caught production in 2018 was made up of 
other aquaculture group other than fish. The species with the 
highest production in this group are striped venus and sea 
snails, both of which are caught in the Black Sea (Anonymous, 
2019). 

In this study, it was aimed to determine the consumption 
preferences and habits of shellfish products by conducting a 
survey in the form of question and answer to consumers in 
Erzurum. 

Based on this survey, an important place in the world 
aquaculture production units and shellfish which is high 
compared to the return of fish and molluscs in Turkey is 
thought to be done research to increase aquaculture and 
consumption. 

Material and Methods 

This study was conducted between November 2019 and 
February 2020 in order to determine the consumption 
preferences and habits of shellfish consumption in Erzurum. 
Erzurum is a province that covers 25,066 km² area in the 
Eastern Anatolia Region of Turkey. It is bordered by the 
provinces of Kars and Ağrı to the east, Muş and Bingöl to the 
south, Erzincan and Bayburt to the west, Rize and Artvin to the 
north and Ardahan to the northeast. Continental climate rules 
in the province with long and harsh winters, and short and mild 
summers. Agricultural activities are carried out in the province. 
Most of the grain types are cultivated of wheat, barley and rye. 
Among the industrial plants, mostly sugar beet, potato and 
sunflower are cultivated. Apple, pear, walnut, apricot, plum, 
cherry, cherry and cranberry are grown. Livestock in in the 
province produced. Food industries include beekeeping and 
trout farming (Anonymous, 2020). 

The material of the study consists of data obtained from a 
survey with a total of 122 individuals (57 women and 65 men). 
The study was achieved by asking total 15 questions to 
participants in survey. 10 questions were asked on the seafood 
and shellfish consumption habits, 5 questions asked to measure 
demographic characteristics to better understand the 
underlying factors about consuming habits. The data obtained 
from the survey were analyzed with the Chi-square test using 
the SPSS package program and statistical significance level was 
accepted as p <0.05 (Sümbüloğlu and Sümbüloğlu, 2019). 

Results and Discussion 

Socio-Demographic Features of Consumers 

Participating in the Survey 

46.72% of the consumers participating in the survey are 
women and 53.28% are men. While the lowest age group of the 
participants were 61-70 age with a rate of 4.92%, the highest was 
determined as 21-30 age with 41.80%. 60.65% of the 
participants of survey were graduated from a university, 4.92% 
of the participants were graduated from a primary school, 
13.11% of the participants were graduated from a high school, 
and 21.32% of the participants were graduated from 
postgraduate. 15.57% of the participants are official, 7.38% are 
self-employed, 41.80% are students, 13.94% are retired, 8.20% 
are housewives, and 13.11% are from other occupational 
groups. They were found to be considering the income levels, 
32.79% of 1000 TRY and below, 14.76% of 1001-2000 TRY, 
26.23% of 2001-3000 TRY, 11.47% of 3001-4000 TRY, and 
14.7% of 4001 TRY and above (Table 1). 

Saka and Bulut (2020) reported that 57.6% of the 
participants were male and 42.4% were female. When the ages 
of the participants were compared, 30.8% were in the 19-29 age 
group while 27.8% were in the 30-49 age group. When the 
educational status was examined, it was determined that 33.4% 
graduated from high school or equivalent schools and 19.1% 
graduated from undergraduate programs. When the 
professions of the participants were researched, 27% were 
students, 20% were self-employed, 18.6% were workers, 13.6% 
were homemakers, 13.3% were public officers, and 7% were 
retired.  

In the study in Çan district of Çanakkale, the income levels 
were determined 18.3% of 2000 TRY and below, 19.5% of 2000-
3500 TRY, 41.2% of 3500-5000 TRY, and 21% of 5000 TRY and 
above (Selvi et al., 2019). 
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Shellfish Products Preference and Consumption 

Habits of Consumers Participating in the Survey 

Depending on the age, the analysis of the answers given by 
the participants to the question “How often do you consume 
seafood?” is shown in Table 2. 

As a result of the Chi-square independence test for the 
answers given by the participants to the question “How often do 
you consume seafood?” a significant difference was found 
between the answers given depending on the age (p<0.05). 
While 66.7% of participants between the ages of 51-60 say they 
consume every fifteen days, this rate is 9.8% for participants 
between the ages of 21-30. They responded “How often do you 
consume seafood?” 27.5% of the respondents to the question 
once a week, 35.83% once a month, 5.83% twice a week, 12.5% 
twice a month and 18.34% once a year in a study in Palu district 
of Elazig province (Karaton Kuzgun and Demirbağ, 2018). 
In another study in Antalya province, the frequency of seafood 
consumption was determined to be 43.67% once every two 
weeks and 26.81% once a week (Arslan and Izci, 2016). The 
answers given to this question in the studies conducted in 
different regions are thought to cause from geographical 
conditions, table culture and habits. 

Depending on gender, the analysis of the answers given by 
the participants to the question “Which of the crustaceans and 
molluscs do you prefer more?” is given in Table 3. 

As a result of the Chi-square independence test for the 
answers given by the participants to the question “Which of the 
crustacean and molluscs would you prefer more?”, a significant 
difference was found between the answers given depending on 

Table 1. Gender, age, educational status, income level, and 
occupational distributions of the participants 

Gender N % 
Male 65 53.3 
Female 57 46.7 
Age 
< 21 14 11.5 
21-30 51 41.8 
31-40 22 18.1 
41-50 11 9.0 
51-60 18 14.7 
61-70 6 4.9 
Educational Status 
Primary school 6 4.9 
High school 16 13.1 
University 74 60.7 
Postgraduate 26 21.3 
Income Level 
< 1000 TRY 40 32.8 
1001-2000 TRY 18 14.7 
2001-3000 TRY 32 26.3 
3001-4000 TRY 14 11.5 
> 4000 TRY 18 14.7 
Occupational 
Official 19 15.6 
Free 9 7.4 
Student 51 41.8 
Retire 17 13.9 
Housewife 10 8.2 
Other 16 13.1 

Table 2. Shellfish consuming frequency according to the age group 

Age 
How often do you consume? 

Total 
Once a week Fortnightly Once a month Once a year 

< 21 
Person 2 2 8 2 14 
% 14.3 14.3 57.1 14.3 100 

21-30
Person 10 5 24 12 51 
% 19.6 9.8 47.1 23.5 100 

31-40
Person 8 6 6 2 22 
% 36.4 27.3 27.3 9.1 100.0 

41-50
Person 4 4 3 0 11 
% 36.4 36.4 27.3 0 100 

51-60
Person 3 12 2 1 18 
% 16.7 66.7 11.1 5.6 100 

61-70
Person 3 0 0 3 6 
% 50 0 0 50 100 

Total 
Person 30 29 43 20 122 
% 24.6 23.8 35.2 16.4 100 

Note: Pearson Chi-square: 45,110 p<0.05 
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Table 3. Consuming preferences according to gender 

Gender 
Which of the crustaceans and molluscs would you prefer? 

Total 
Shrimp Crab Lobster Mussel None 

Male Person 10 0 1 43 11 65 
% 15.4 0 1.5 66.2 16.9 100 

Female Person 10 6 0 28 13 57 
% 17.5 10.5 0 49.1 22.8 100 

Total Person 20 6 1 71 24 122 
% 16.4 4.9 0.8 58.2 19.7 100 

Note: Pearson Chi-square: 9,853 p<0.05 

Table 4. Factors affecting the preference to buy shellfish 

Gender 
What do you pay attention to when buying shellfish? 

Total 
Cleaning of the place taken Freshness Price Species Other 

Male Person 9 22 16 10 8 65 
% 13.8 33.8 24.6 15.4 12.3 100 

Female Person 17 28 3 4 5 57 
% 29.8 49.1 5.3 7 8.8 100 

Total Person 26 50 19 14 13 122 
% 21.3 41 15.6 11.5 10.7 100 

Note: Pearson Chi-square: 14,879 p<0.05 

Table 5. Consuming preferences of shellfish species according to the age group 

Age 
Which of the crustaceans and molluscs would you prefer more? 

Total 
Shrimp Crab Lobster Mussel None 

< 21 
Person 0 2 0 10 2 14 
% 0 14.3 0 71.4 14.3 100 

21-30
Person 5 0 1 41 4 51 
% 9.8 0 2 80.4 7.8 100 

31-40
Person 9 2 0 8 3 22 
% 40.9 9.1 0 36.4 13.6 100 

41-50
Person 5 0 0 4 2 11 
% 45.5 0 0 36.4 18.2 100 

51-60
Person 1 2 0 5 10 18 
% 5.6 11.1 0 27.8 55.6 100 

61-70
Person 0 0 0 3 3 6 
% 0 0 0 50 50.0 100 

Total 
Person 20 6 1 71 24 122 
% 16.4 4.9 0.8 58.2 19.7 100 

Note: Pearson Chi-square: 58,282 p<0.05 

gender (p<0.05). While 66.2% of men prefer the most mussel 
response, this rate is 49.1% for women. It was found that they 
did not prefer other crustaceans and molluscs. This situation is 
caused the fact that the consumption of shellfish is not common 
in our country and that there is more mussel consumption in 
the settlements that have a coast. In the study in Ardahan 
province, the most consumed seafood was found to be mussels 
with 11.92% (Kılıç et al., 2019). They found that consumers in 
Ankara province consumed mussels with 47.50%, followed by 
squid and shrimp respectively (Yavuz et al., 2015). In another 

study in the province of Burdur has been reported mussels with 
71.40%, shrimp with 39.30%, squid with 25%, octopus with 
7.10%, lobster with 3.60% and crab with 3.60% (Orhan and 
Yüksel, 2010). 

Depending on gender, the analysis of the answers given by 
the participants to the question “What do you pay attention to 
when buying shellfish?” is given in Table 4. 

As a result of the Chi-square independence test for the 
answers given by the participants to the question “What do you 
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pay attention to when buying shellfish?”, a significant difference 
was found between the answers given depending on gender 
(p<0.05). While 49.1% of women respond to freshness, this rate 
is 33.8% for men. 82% of individuals in the province of Denizli 
reported that they pay attention to freshness while buying fish 
(Telli, 2018). In the central district of Kahramanmaraş 
province, 73% of the participants were found to pay attention 
to freshness while purchasing fish (Beyazbayrak, 2014). They 
emphasized that the people who buy fish in Rize province 
attach great importance to keeping the fish fresh (Temel, 2014). 
The survey results in different regions are similar to our results. 
Aydın and Bashimov (2020) reported that the freshness of the 
fish is very effective while buying fish consumers in urban areas 
of Mary city in Turkmenistan. 

Depending on the age, the analysis of the answers given by 
the participants to the question “Which of the crustaceans and 
molluscs would you prefer more?” is given in Table 5. 

In terms of the answers given to “Which of the crustaceans 
and molluscs do you prefer more?”, it was observed that there 
was a significant difference between the ages in accordance to 
the Chi-square independence test (p<0.05). While 80.4% of the 
participants between the ages of 21-30 say they consume more 
mussels, this is 27.8% for the age group of 51-60. 

Depending on the education level, the analysis of the 
answers given by the participants to the question “Do you have 
information about shellfish?” is given in Table 6. 

In terms of the answers given to “Do you have information 
about shellfish?”, it has been revealed that there is a significant 
difference between the educational status as a result of the Chi-
square independence test (p<0.05). While 87.5% of the 
secondary education graduates give no answer, this rate is 
30.8% for graduate graduates. This situation thought to be due 

Erzurum province does not have a seaside, the consumption of 
shellfish as human food is not widespread enough and due to 
the table culture. Kılıç et al. (2019) were reported that 78.48% 
of consumers in Ardahan province had knowledge about fish 
meat, while 19.21% did not. 

Table 6. Knowledge level of consumers on the shellfish 
according to the education level 

Educational Status 

Do you have 
information about 

shellfish? Total 

Yes No 
Primary school Person 1 5 6 

% 16.7 83.3 100 
High school Person 2 14 16 

% 12.5 87.5 100 
University Person 32 42 74 

% 43.2 56.8 100 
Postgraduate Person 18 8 26 

% 69.2 30.8 100 
Total Person 53 69 122 

% 43.4 56.6 100 

Note: Pearson Chi-square: 15,858 p<0.05 

The analysis of the answers given by the participants to the 
question “How often do you consume seafood?” depending on 
their income levels is given in Table 7. 

As a result of the Chi-square independence test in terms of 
the answers given to the question “How often do you consume?”, 
it was revealed that there is a significant difference in terms of 
income levels (p<0.05). While 42.9% of individuals with 3001-
4000 TRY income level answer every fifteen days, this rate is 
10% for individuals whose income level is below 1000 TRY. In 
study in Erzurum province, the frequency of fish consumption 

Table 7. Shellfish consuming frequency according to the income level 

Income level (TRY) 
How often do you consume? 

Total 
Once a week Fortnightly Once a month Once a year 

<1000 Person 5 4 21 10 40 
% 12.5 10 52.5 25 100 

1001-2000 Person 3 5 7 3 18 
% 16.7 27.8 38.9 16.7 100 

2001-3000 Person 9 11 7 5 32 
% 28.1 34.4 21.9 15.6 100 

3001-4000 Person 4 6 4 0 14 
% 28.6 42.9 28.6 0 100 

>4001 Person 9 3 4 2 18 
% 50 16.7 22.2 11.1 100 

Total Person 30 29 43 20 122 

% 24.6 23.8 35.2 16.4 100 

Note: Pearson Chi-square: 25,704 p<0.05 
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Table 8. Consuming preferences of shellfish species according to the occupational group 

Occupational 
Which of the crustacean and mollusc do you prefer? 

Total 
Shrimp Crab Lobster Mussel None 

Official 
Person 7 0 0 10 2 19 
% 36.8 0 0 52.6 10.5 100 

Freelancer 
Person 2 0 0 4 3 9 
% 22.2 0 0 44.4 33.3 100 

Student 
Person 5 2 1 39 4 51 
% 9.8 3.9 2 76.5 7.8 100 

Retired 
Person 2 2 0 7 6 17 
% 11.8 11.8 0 41.2 35.3 100 

Housewife 
Person 1 1 0 2 6 10 
% 10 10 0 20 60 100 

Other 
Person 3 1 0 9 3 16 
% 18.8 6.3 0 56.3 18.8 100 

Total 
Person 20 6 1 71 24 122 
% 16.4 4.9 0.8 58.2 19.7 100 

Note: Pearson Chi-square: 34,341 p<0.05 

was determined to be 26.7% of those with an income of 3501 
TRY and above consume fish once a week, this rate is 12.5% for 
those whose income is 2000 TRY and less (Karakulak et al., 
2019).In another study Erzincan province, the rate of those who 
consume fish fortnightly is 50%, the rate of those who consume 
fish once a month is 40%, and the rate of those who consume 
fish once a week is 10% (Karakaya, 2020). Quasim et al. (2020) 
stated that 38.8% eat fish once a month, 32% two to three times 
a month, 20.6% four times a month, and 8.03% more than four 
times a month. 

Depending on the profession groups, the analysis of the 
answers given by the participants to the question “Which of the 
crustacean and molluscs do you prefer?” is given in Table 8. 

As a result of the Chi-square independence test conducted 
to determine whether there is a difference between the 
professional groups in terms of the answers given to the 
question “Which of the crustacean and molluscs do you prefer 
more?”, it was revealed that there was a significant difference 
(p<0.05). It was determined that the participants consumed the 
most mussels with a rate of 76.5%, while this rate was 20% for 
housewives in Table 8. 

Conclusion 

In conclusion, consumption of shellfish, especially rich in 
nutrition, is very low in our country compared to other seafood 
products. According to Turkey Statistical Institute (TurkStat, 
2018) fisheries data; 628631 tons of seafood was put into 
consumption. 35.3% marine fish, 9.9% other seafood, 4.8% 
inland fisheries and 50% aquaculture products. While the 
average fish consumption per capita was 5.49 kilograms in 

2017, it increased by 11.8 percent to 6.14 kilograms in 2018. 
There are many reasons for this. In our study, it was seen that 
the lack of information about the nutritional content of shellfish 
is an important factor. The fact that most of the participants, 
whose education level is at the high school level, stated that they 
do not have information about shellfish products supports this 
situation. It is thought to be of benefit to increase shellfish 
training activities in the region. It is another result of our study 
in the responses that the consumption will increase if the prices 
of shellfish are reduced. The low use of shellfish in food culture 
in our country affects consumption significantly. These and 
similar studies are encouraging factors in the introducing and 
consumption of shellfish. This study in Erzurum, where the 
consumption of shellfish is very low compared to the seashore 
cities, is also an important data source in terms of providing 
ideas for different researches and aquaculture systems. 
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A B S T R A C T  

Reticulated leatherjacket, Stephanolepis diaspros Fraser-Brunner, 1940 is one of the very 
first Lessepsian settlers in the Mediterranean. On 22 June 2020 a specimen of Stephanolepis 
diaspros (catalogue number: ESFM-PIS/2020-02) with 305 mm in total length (TL) was 
captured by an angler off Yassıcaada, Urla, Izmir Bay on sandy bottom at a depth of 18 m. 
The present ichthyologic record demonstrates maximum size of S. diaspros species and 
even, this large size is unique in the Mediterranean and the world seas until a new one is 
reported. 
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Introduction 

Reticulated leatherjacket, Stephanolepis diaspros Fraser-
Brunner, 1940 is one of the very first Lessepsian settlers in the 
Mediterranean (Tortonese, 1986; Froese and Pauly, 2019), and 
lives inshore in sandy and rocky habitats with vegetation to a 
depth of 20 m (Golani et al. 2006; Froese and Pauly, 2019). 
Common sizes of S. diaspros are 7-15 cm, with the maximum as 
20 cm (Golani et al. 2006) and 25 cm TL (Froese and Pauly, 
2019). 
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E-mail address: okan.akyol@ege.edu.tr (O. Akyol) 

Stephanolepis diaspros is especially well established in the 
eastern Mediterranean; however, it is still rare in the Aegean 
Sea. It has been reported from the Aegean Sea in 1943 for the 
first time (Tortonese, 1947) and it occasionally occurs in the 
region, reaching as far as to the Sea of Marmara (Bilecenoğlu 
and Yokeş, 2013). Also, it reached to the Adriatic Sea (Dulčić 
and Pallaoro, 2003), Gulf of Palermo, Sicily (Catalano and Zava, 
1993), Tunisia (Ben Amor and Capapé, 2008; Zouari-Ktari et al. 
2008) and Maltese waters (Deidun et al. 2015). 
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This paper reports a new maximum size of S. diaspros and 
even, its large size is unique in the Mediterranean and the world 
seas for the time being. 

Material and Methods 

On 22 June 2020, a specimen of S. diaspros (Figure 1) with 
305 mm in total length (TL) was captured by an angler off 
Yassıcaada, Urla, Izmir Bay (38°24.271 N - 26°47.589 E), on 
sandy bottom at a depth of 18 m (Figure 2). The bait was 
European razor clam. The specimen was measured to the 
nearest millimetre, fixed in 6% formaldehyde solution and 
deposited in the Ichthyological Collection of Fisheries Faculty, 
Ege University with the catalogue number: ESFM-PIS/2020-02. 

Figure 1. The specimen of Stephanolepis diaspros with 305 mm 
TL (ref. ESFM-PIS/2020-02), captured off Yassıcaada, Urla in 
the Bay of İzmir (Photo: O. Akyol) 

Figure 2. Capture site (black star) of Stephanolepis diaspros 

Results and Discussion 

Description, measurements and percentage in total length 
(Table 1) of S. diaspros are in total accordance with those in 
Tortonese (1986), Golani et al. (2006), Froese and Pauly (2019). 

Table 1. Morphometric measurements as percentage of total 
length (TL%) and meristic counts recorded in Stephanolepis 
diaspros, captured from İzmir Bay, Aegean Sea 

Measurements Size (mm) Proportion (TL%) 

Total length (TL) 305 - 

Standard length (SL) 260 85.2 

Pre-second dorsal fin length 138 45.2 

Pre-anal fin length 152 49.8 

Pre-pectoral fin length 74 24.3 

Maximum body depth 122 40.0 

Head length  73 23.9 

Eye diameter 13 4.3 

Preorbitary length 51 16.7 

Meristic counts 

First dorsal fin rays I 

Second dorsal fin rays 30 

Anal fin rays 30 

Pectoral fin rays 13 

Weight (g) 464 

Gücü et al. (1994) firstly reported S. diaspros from Mersin 
and Iskenderun bays, the north-eastern Mediterranean coast of 
Turkey during 1983, 1984 and 1989 intermittent trawl surveys. 
This might be the oldest catch record of S. diaspros in the 
Turkish waters and the other previous records of S. diaspros are 
shown in Table 2. 

As seen, the size reported in this study might be the 
maximum for the Mediterranean. Recently S. diaspros with 
100-300 mm in length was reported by Servonnat and Drakulic
(2015) from Lipsi Island, Greece. Even though, it had 300 mm
maximum length that close to our finding, this was observed
during underwater visual census. Such a report on maximum
length needs further approval since it tends to produce less
accurate estimates of fish length due to optical characteristics of
water (see, Harvey et al. 2001a, b; 2002).

Conclusion 

In conclusion, maximum size is one of the important 
parameters used in life history studies and fishery science 
(Borges, 2001). In addition, the present ichthyologic record 
demonstrates maximum size of S. diaspros species and even, 
this large size is unique in the Mediterranean and the world seas 
until a new one is reported. 

52 mm 
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Table 2. Previous records of Stephanolepis diaspros in various seas between 1983 and 2020 

Date n TL range (mm) Depth (m) Area References 
1983/84-89 8 77-206 <100 Anamur-İskenderun Gücü et al. (1994) 
1991-1994 3 100-145 40 Karataş, İskenderun Torcu and Mater (2000) 
1994-1996 2 161-72 40 Karataş, İskenderun Başusta and Erdem (2000) 
1997-1998 207 71-130 10-80 Mersin-İskenderun Taşkavak and Bilecenoğlu (2001) 
2001-2003 52 73-142 5-100 NE Mediterranean Sangun et al. (2007) 
? 3 98-212 10-20 Yeşilova Bay Oz et al. (2007) 
May2003-Dec.2005 1124 37-237 0-40 Gulf of Gabes, Tunisia Zouari-Ktari et al. (2008) 
2004-2007 550 70-261 ? Gulf of Suez, Red Sea El-Ganainy and Sabra (2008) 
2007-2008 56 80-135 12-120 İskenderun Bay Erguden et al. (2009) 
2008-2009 16 80-190* 5-35 S. Aegean Sea Corsini-Foka et al. (2010) 
2009-2010 7 96-139 ? Antalya Bay Türker et al. (2020) 
2010-2011 158 80-202 31-110 İskenderun Bay Yemişken et al. (2014) 
28-29 Nov.2012 2 ca.200 10 Sea of Marmara Bilecenoğlu and Yokeş (2013) 
27 Sep.2013 1 130 20 Piran, Slovenia Lipej et al. (2014) 
10 Dec.2013 1 200 34 Lampedusa Island Deidun et al. (2015) 
20 July 2014 1 170 20 Egadi Island, Sicily Balistreri and Parasporo (2015) 
July-Aug.2014 17 100-300** 1-6 Lipsi Island, Greece Servonnat and Drakulic (2015) 
27 Oct.2014 1 177 6 Urla, İzmir Bay Akyol and Özgül (2015) 
15-19 Sep.2014 3 115-239 6-25 Pemera-Limassol, Cyprus Iglésias and Frotté (2015) 
10 Jan.2018 1 257 1 Türkbükü, Güllük Bay Akyol et al. (2018) 
22 June 2020 1 305 18 Yassıcaada, Aegean Sea This study 

Note: *SL; **estimated by underwater observation 
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A B S T R A C T  

This study was intended to determine the lead accumulation levels in liver, gill, kidney, 
brain, and muscle tissues of Clarias gariepinus (African sharp tooth catfish) under the sole effect 
of lead (1.0 and 2.0 ppm) and combined with EDTA (Ethylene diamine tetraacetic acid) (2.0 
and 4.0 ppm) for 7, 15, and 30 days. Inductively coupled plasma mass spectrometry (ICP-MS) 
was used to determine tissue lead levels, and the SPSS package program was used for statistical 
evaluation of the experimental data. No mortality was observed in fish over the time periods of 
the experiments, and concentrations were determined with lead only and with lead together 
with EDTA. At the end of the experimental periods, the presence of lead increased the metal 
accumulation in the tissues and organs examined when compared to the control, and, in terms 
of accumulation, a relationship was determined between the tissues in the order of gill > kidney 
> liver > brain > muscle. The effect of lead together with EDTA was reduced lead accumulation
in tissues and organs when compared to the effect of lead only.

Please cite this paper as follows: 

Karayakar, F., Yavuz, A., Cicik, B. (2021). The effects of EDTA on lead accumulation in tissues of Clarias gariepinus. Marine Science 
and Technology Bulletin, 10(1): 28-35. 

Introduction 

The disposal and poor management of toxic chemicals such 
as heavy metals negatively affect ecosystem integrity, 
environmental quality, and human health (Banaee et al., 2013). 
Heavy metals such as lead, cadmium, and mercury do not have 
any biological functions in animal organisms, while other heavy 
metals, such as copper, zinc, iron, and chromium, at low 
concentrations, are essential for metabolic processes. However, 
they are also toxic above a certain concentration range and can 
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negatively affect all trophic levels throughout the food chain 
(Shukla et al., 2007). 

Lead is a heavy metal widely used in various industrial 
applications, such as paint, storage batteries, and the 
automotive industry, as well as being naturally found in soil, 
water, and rocks (Khidr et al., 2012). Lead at high 
concentrations leads to accumulation in tissues and organs 
(Cicik et al., 2004), behavioral changes (Çiftçi et al., 2008), 
lordoscolosis and anomalies in pigmentation (Martinez et al., 
2004), collapse of the immune system in fish (Vosylienė, 1999) 
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and mutagenic, teratogenic, and carcinogenic effects and 
infertility in humans (Eisler, 2000). 

Organic and inorganic complexes, such as EDTA, NTA 
(Nitrilotriacetic acid), DTPA (Diethylenetriamine pentaacetic 
acid), DFO (Deferoxamine), DFP (Deferiprone), zeolite, 
clinoptilolite, and chitosan, are widely used in aquatic systems 
to remove pollutants from the environment. A high capacity to 
form complexes with heavy metals and low biological 
degradability in aquatic systems are the main properties of 
chemicals used as chelators (Kedziorek and Bourg, 2000). 

In fish, the liver accumulates metals at high concentrations 
regardless of the intake path, and, because the metal load in the 
liver is close to the concentration of the metal in the 
environment, it is very important in monitoring metal 
pollution in aquatic ecosystems (Jezierska and Witeska, 2006). 
Gills, which have vital functions such as respiration and 
osmoregulation, are the main target organs for toxic chemicals 
because they interact directly with the environment (Poleksic 
and Mitrovic-Tutundzic, 1994). In fish, kidneys function in 
maintaining homeostasis, as well as in removing nitrogen-
containing metabolic waste materials and toxic substances from 
the body (Cengiz, 2006). The brain is a metabolically active 
organ that is highly sensitive to changes in energy metabolism 
(Soengas and Aldegunde, 2002). Although the muscle tissue in 
fish is not active in terms of metal accumulation, it constitutes 
the main consumable part of the fish, and it functions in the 
transmission of metal to humans through the food chain, so it 
is very important in terms of environment and human health 
(Jezierska and Witeska, 2006). 

Although there are many studies on the accumulation and 
toxic effects of heavy metals in aquatic organisms, the studies 
on the effects of complexing agents on heavy metal toxicity are 
limited. Therefore, this study aimed to determine the levels of 
lead accumulation solely and of lead accumulation together 
with EDTA in the liver, gill, kidney, brain, and muscle tissues 
of C. gariepinus for periods of seven, fifteen, and thirty days. 

Material and Methods 

The research was carried out in the basic sciences research 
laboratory of the Mersin University Faculty of Fisheries 
Application Unit under controlled ambient conditions (24±1 
ºC fixed temperature, 12-hour dark/12-hour daylight 
photoperiod, central ventilation system). 

C. gariepinus specimens of 68.17 ±4.36 g weight and 21.24
±2.08 cm total length were used as the material in the 
experiments. The fish were fed once daily at the same hour with 
commercial fish feed (Pellet No. 2, Pınar, İzmir, Turkey) at 2% 
of their total biomass during the study. The water-soluble salt 
of lead, Pb(NO3)2, was used in the study, while EDTA 

(C10H16N2O8) was used as the complexing agent. As a result of 
the literature reviews (Alkahemal-Balawi et al., 2011; Bawa-
Allah and Saliu, 2015) and preliminary studies, non-lethal 
concentrations of both lead and EDTA (1.0 and 2.0 ppm Pb; 2.0 
and 4.0 ppm EDTA) within the specified time periods were 
determined and utilized.  

Five glass aquariums were used in the study to contain 120 
L each of the experimental solutions. Solutions at the 
concentrations of 1.0 and 2.0 ppm lead were added to the first 
two aquariums, respectively. To the third and fourth 
aquariums, solutions of 1.0 ppm lead with 2.0 ppm EDTA and 
2.0 ppm lead with 4.0 ppm EDTA were added, respectively. The 
fifth aquarium contained 120 L of lead-free tap water and 
constituted the control. Experiments were carried out in three 
replicates, and two fish were used in each replicate. Six fish were 
removed from each aquarium at the ends of the seven-, fifteen-
, and thirty-day periods and anesthetized with phenoxy-ethanol 
(1 ml/L) (Morgan et al., 1997), and the liver, gill, kidney, brain, 
and muscle tissues of the fish were dissected separately. In total, 
90 fish were used in the experiments. All applicable 
international, national, and/or institutional guidelines for the 
care and use of animals were followed. Local ethics committee 
approval was received. 

Table 1. Some physical and chemical properties of the water in 
the experimental aquariums 

Parameter Value 
Temperature 23 ±1 oC 
Dissolved Oxygen 6.47 ±0.43 ppm O2 
pH 8.07 ±0.04 
Total Hardness 259.3 ±5.82 ppm CaCO3 
Total Alkalinity 350.41 ±1.56 ppm CaCO3 

Because the test solutions in the aquariums were subject to 
time-dependent changes in their concentrations due to 
evaporation, precipitation, and adhesion to surfaces, a semi-
static test was applied, and the test solutions were renewed 
every two days by appropriate dilutions of the stock solution. 

The liver, gill, kidney, brain, and muscle tissue samples that 
were dissected and used in the metal analysis. Samples were 
placed in an oven set to 105 ºC for 72 hours, until a fixed weight 
was attained. Then, a mixture of 2 ml nitric acid (HNO3, 65%, 
specific gravity 1.40, Merck) and 1 ml perchloric acid (HClO4, 
60%, specific gravity 1.53, Merck) (Muramoto, 1983) was added 
on a hot plate set at 120 ºC for eight hours. After the burning 
process, tissue samples were transferred to polyethylene tubes, 
their total volumes were adjusted to 10 ml with deionized water, 
and they were made ready for analysis. The lead content of the 
tissue samples was determined by ICP-MS. Analysis was carried 
out in triplicate. Control samples were prepared from IAEA ˗ 
407 (International Atomic Energy Agency) fish tissue 
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homogenate. Detailed results on the amount of lead element 
obtained from the reference material and LOD-LOQ values 
given in Table 2. Variance analysis and the Student Newman 
Keul’s (SNK) test were performed by using the SPSS package 
program for the statistical analysis of data. 

Table 2. Validation parameters of the analytical method 

Parameter Value 
Trace elements Lead 
LOD (ng g-1) 0.39 
LOQ (ng g-1) 1.21 
R2 0.9999 
Certificated Values Concentration (mg kg−1) 0.12 
Certificated Values 
95% Confidence Interval (mg kg-1) 0.10-014 

Note: IAEA-407 was used as reference material. LOD= Limit of 
Detection, LOQ= Limit of Quantification 

In the present study on C. gariepinus, no mortality was 
observed in the fish due to the effects of the determined times 
and concentrations. At the beginning of the experiments, 
various behavioral and morphological changes were observed 

in fish, including lack of nutrients, immobility at the bottom of 
the aquarium, orientation toward the aquarium surface, and 
darkening of skin color. 

The effect of lead-only concentrations after seven days was 
increased metal accumulation in the tissues and organs 
examined when compared to the control (p<0.05, Table 3). At 
the end of the 7th day, the highest accumulation was in the gill 
tissue, while the lowest accumulation was in the muscle tissue. 
The effect of high concentrations of lead combined with EDTA 
was reduced accumulation of lead in the tissues and organs 
examined, as compared to the effect of lead only (p<0.05).  

The effect of lead-only concentrations of 1.0 and 2.0 ppm 
for fifteen days increased the metal accumulation in all tissues 
when compared to the control (Table 4). This increase was 
significantly higher in liver and gill tissues when compared to 
that on day 7 (p<0.05). The effect of a mixture of lead and high 
concentrations of EDTA for fifteen days resulted in an 
approximately 60% reduction in lead accumulation in liver, 
kidney, and gill tissues when compared to the effect of high 
concentrations of lead only. 

Table 3. Lead accumulation in C. gariepinus under the sole effect of lead and together with EDTA for 7 days (µgPb/g d.w.) 

Tissue 

Concentration 

Liver Kidney Gill Brain Muscle 

𝑋𝑋� ± 𝑆𝑆�̅�𝑥 * 𝑋𝑋� ± 𝑆𝑆�̅�𝑥 * 𝑋𝑋� ± 𝑆𝑆�̅�𝑥 * 𝑋𝑋� ± 𝑆𝑆�̅�𝑥 * 𝑋𝑋� ± 𝑆𝑆�̅�𝑥 * 

Control BSL BSL BSL BSL BSL 

1 ppm Pb 2.29 ±0.09 as 14.23 ±0.46 bs 19.54 ±0.38 cs 3.39 ±0.30 ds 0.87 ±0.04 es 

2 ppm Pb 4.62 ±0.28 at 14.60 ±1.15 bs 25.23 ±1.67 ct 3.65 ±0.33 as 0.84 ±0.04 ds 

1 ppm Pb + 2 ppm EDTA 2.15 ±0.35 as 13.26 ±0.93 bs 16.10 ±0.81 cx 3.26 ±0.24 ds 1.37 ±0.17 at 

2 ppm Pb + 4 ppm EDTA 1.40 ±0.18 ax 9.72 ±0.57 bt 6.43 ±0.86 cy 2.56 ±0.16 dt 0.21 ±0.01 ax 

Note: 𝑋𝑋� ± 𝑆𝑆�̅�𝑥  = Arithmetic mean ± Standard error; BSL = Below Sensitivity Level 
* = SNK; a, b, c, d, e were used to determine the differences between tissues while s, t, x, and y were used to determine the differences
between concentrations. Different letters indicate statistical differences at P<0.05.

Table 4. Accumulation of only lead and lead together with EDTA in C. gariepinus tissues for 15 days (µgPb/g d.w.) 

Tissue 

Concentration 

Liver Kidney Gill Brain Muscle 

𝑋𝑋� ± 𝑆𝑆�̅�𝑥 * 𝑋𝑋� ± 𝑆𝑆�̅�𝑥 * 𝑋𝑋� ± 𝑆𝑆�̅�𝑥 * 𝑋𝑋� ± 𝑆𝑆�̅�𝑥 * 𝑋𝑋� ± 𝑆𝑆�̅�𝑥 * 

Control BSL as BSL as BSL as BSL as BSL as 

1 ppm Pb 6.38 ±0.67 at 11.84 ±0.75 bt 22.40 ±0.48 ct 3.34 ±0.23 dt 1.38 ±0.3 et 

2 ppm Pb 8.29 ±0.39 ax 11.80 ±1.11 bt 57.29 ±1.73 cx 2.77 ±0.18 dt 1.58 ±0.2 dtx 

1 ppm Pb + 2 ppm EDTA 4.27 ±0.55 ay 6.04 ±0.36 bx 13.51 ±0.52 cy 2.59 ±0.22 dt 2.11 ±0.2 dx 

2 ppm Pb + 4 ppm EDTA 2.74 ±0.09 az 4.51 ±0.16 bx 11.71 ±0.77 cy 2.62 ±0.36 at 0.98 ±0.01 dt 

Note: 𝑋𝑋� ± 𝑆𝑆�̅�𝑥  = Arithmetic mean ± Standard error; BSL = Below Sensitivity Level 
* = SNK; a, b, c, d, e were used to determine the differences between tissues while s, t, x, and y were used to determine the differences
between concentrations. Different letters indicate statistical differences at P<0.05.
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Table 5. Lead accumulation in C. gariepinus under the sole effect of lead and under lead together with EDTA for 30 days (µgPb/g d.w.) 

Tissue 

Concentration 

Liver Kidney Gill Brain Muscle 

𝑋𝑋� ± 𝑆𝑆�̅�𝑥 * 𝑋𝑋� ± 𝑆𝑆�̅�𝑥 * 𝑋𝑋� ± 𝑆𝑆�̅�𝑥 * 𝑋𝑋� ± 𝑆𝑆�̅�𝑥 * 𝑋𝑋� ± 𝑆𝑆�̅�𝑥 * 

Control BSL as BSL as BSL as BSL as BSL as 

1 ppm Pb 10.46 ±0.61 at 13.67 ±0.43 at 47.99 ±2.53 bt 7.91 ±0.83 ct 0.96 ±0.09 dt 

2 ppm Pb 14.97 ±1.24 ax 16.68 ±0.80 ax 74.02 ±4.97 bx 5.49 ±0.59 cx 1.08 ±0.08 dt 

1 ppm Pb + 2 ppm EDTA 5.11 ±0.27 ay 5.92 ±0.12 ay 20.85 ±2.07 by 5.61 ±0.52 ax 0.96 ±0.09 ct 

2 ppm Pb + 4 ppm EDTA 3.73 ±0.41 ay 6.51 ±0.33 by 20.69 ±2.54 cy 3.65 ±0.35 ay 0.91 ±0.02 dt 

Note: 𝑋𝑋� ± 𝑆𝑆�̅�𝑥  = Arithmetic mean ± Standard error; BSL = Below Sensitivity Level 
* = SNK; a, b, c, d, e were used to determine the differences between tissues while s, t, x, and y were used to determine the differences
between concentrations. Different letters indicate statistical differences at P<0.05.

The effect of lead at higher concentrations together with 
EDTA for 30 days significantly increased the accumulation of 
lead in the tissues and organs examined in comparison to the 
control and to days 7 and 15 (p<0.05) (Table 5). While this 
increase was parallel to the increase in the lead concentration, 
the effect of lead together with EDTA reduced the metal 
accumulation in the examined tissues when compared to the 
effect of lead only. This decrease was in parallel with the 
increase in concentration. 

Discussion 

The effects of toxic substances, particularly heavy metals, on 
mortality rate and mortality period in aquatic vertebrates vary 
depending on the species, the metal, the environmental 
concentration of the metal, and the duration of exposure. In 
studies conducted on various fish species, it has been 
determined that the mortality rate increases in parallel with the 
increase in the toxin concentration in the environment and the 
duration of exposure (Abdullah et al., 2007; Gül et al., 2009; 
Alkahemal-Balawi et al., 2011). In the present study conducted 
on C. gariepinus, no mortality was observed in the fish under 
the conditions of time and concentration imposed. That can be 
explained by the fact that the lead concentrations found in the 
tissues are not lethal for the subject species in the specified 
periods.  

Fish react by changing their behavior against changing 
environmental conditions such as pollution or changes in the 
physical or chemical properties of the water. Those changes 
include behaviors such as feeding, reproduction, growth, 
respiration, and movement (Alves and Wood, 2006). In this 
study conducted with C. gariepinus, behavioral changes such as 
indifference to food, immobility at the bottom of the aquarium, 
coordination disorders in swimming movements, and 
respiration difficulties were observed at the beginning of the 
lead effect, and the changes disappeared with the prolongation 

of the effect time. The changes observed in fish behavior at the 
beginning of the metal effect may result from a reaction to 
changing environmental conditions, while prolongation of the 
effect time and return to normal behaviors may be related to 
adaptation. 

In studies conducted with various fish species under both 
natural and laboratory conditions, it has been found that metal 
accumulation varied with the tissue and organ (Alves and 
Wood, 2006; Shukla et al., 2007; Banaee et al., 2013; Ogbuagu et 
al., 2015). The liver is an important organ that functions in 
detoxification and biotransformation of xenobiotics, as well as 
in metabolic events (Van Dyk et al., 2007). It was determined 
that cadmium in Oreochromis aureus (Gül et al., 2009), lead in 
Oncorhynchus mykiss (Alves and Wood, 2006), and zinc, 
cadmium, and copper in Channa punctatus (Shukla et al., 2007) 
accumulate more in the liver than in other tissues and organs. 
In the present study conducted with C. gariepinus, the highest 
accumulation occurred in gill and kidney tissues, followed by 
liver tissue, under the sole effect of lead. That may be due to the 
liver being responsible for the detoxification process and the 
lead concentration failing to exceed its uptake and carrying 
capacity (Figueiredo-Fernandes et al., 2006; Van Dyk et al., 
2007). 

In fish, gills take part in respiratory, osmoregulation, and 
excretion functions. It was determined that lead accumulated 
most in gill tissue in Carassius auratus (Banaee et al., 2013), C. 
gariepinus (Kusemiju et al., 2012), and C. catla (Mohanambal 
and Puvaneswari, 2013), while zinc, copper, and cadmium 
accumulated most in gill tissue in C. punctatus (Shukla et al., 
2007) under the effect of sublethal concentrations. In this study 
carried out with C. gariepinus, it was found that lead 
accumulated more in gill tissues than in the kidney, liver, brain, 
and muscle tissues under the effect of lead only or lead together 
with EDTA in the determined time periods and concentrations. 
This high accumulation in the gill tissue may be related to the 
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gills interacting directly with the environment. The gills 
function in excretion, as well as in respiration and 
osmoregulation (Poleksic and Mitrovic-Tutundzic, 1994; 
Mazon et al., 2002), and the retention of lead ions by binding 
them to the mucous membrane covering the gill surface is a 
defense mechanism (Tao et al., 2000). 

The kidney is a multi-function organ that includes 
hematopoietic, reticuloendothelial, endocrine, and excretory 
functions in bony fishes (Karaman and Dörücü, 2017). In 
studies conducted with Prochilodus lineatus (Ribeiro et al., 
2014), Tilapia zilli (Karataş and Kalay, 2002) and Cyprinus 
carpio (Luszczek-Trojnar et al., 2016), lead accumulates most in 
kidney tissues. On the other hand, in a study conducted with 
the mentioned species (Al -Balawi et al., 2013) and in the 
present study, lead was found to accumulate most in gill tissue, 
followed by kidney tissue. That may be due to the metal being 
transported to the kidney tissue to be excreted from the body 
(Clearwater et al., 2002) and retained by binding to metal-
binding proteins such as metallothionein in the kidneys (Alves 
and Wood, 2006). 

Unlike other metals, lead has been found to pass through 
the brain-blood barrier and to accumulate at high 
concentrations in brain tissue by inhibiting monoamine 
oxidase and acetylcholine esterase activity (Eisler, 2000). It also 
inhibits neurotransmitter functions by decreasing gamma-
aminobutyric acid, cholesterol, and lipid levels (Katti and 
Sathyanesan, 1986). In a study conducted with Tilapia nilotica 
and C. carpio, it was found that lead accumulates in both types 
of brain tissue in higher concentrations than do cadmium, 
nickel, and chromium (Canlı and Kargın, 1995). As in studies 
on O. mykiss (Alves and Wood, 2006) and C. catla 
(Mohanambal and Puvaneswari, 2013), lead accumulations in 
the present study conducted with C. gariepinus were lower in 
the brain tissue than in the gill, liver, and kidney tissues under 
the effect of sublethal concentrations. Lower accumulation in 
brain tissue may be related to the brain-blood barrier, metal 
metabolism, and the carrying capacity of tissues (Eisler, 2000; 
Alves and Wood, 2006). 

In studies carried out under various fish species and 
laboratory conditions (Canlı and Kargın, 1995; Alves and 
Wood, 2006; Kusemiju et al., 2012; Mohanambal and 
Puvaneswari, 2013), it was determined that the minimum lead 
accumulation in tissue was in the muscle tissue. In this study, 
both under the effect of lead only and lead together with EDTA, 
the lowest accumulations were in muscle tissue in comparison 
to other tissues and organs. Lower levels of accumulation in 
muscle tissue may be closely related to the metabolic function 
of the tissue or to a shorter exposure period for the 
accumulation. 

Chelating agents form complexes with heavy metals in the 
environment by adsorption and ion exchange mechanisms, 
preventing their absorption and accumulation by aquatic 
organisms and reducing their toxic effects. In C. carpio, lead 
accumulations in tissues and organs were examined under the 
sole effect of lead only and of lead together with EDTA, NTA, 
and DTPA; with chelating agents, lead accumulation was 
reduced in tissues as compared to the effect of lead only 
(Muramoto, 1980). It was determined that calcium decreased 
the tissue lead accumulation in O. mykiss (Alves and Wood, 
2006) and the tissue copper accumulation in O. mossambicus 
(James et al., 1998) as compared to the effect of metals only. In 
the present study conducted with C. gariepinus, the effect of 
lead together with EDTA in the experimental times and 
concentrations decreased lead accumulation in the tissues and 
organs examined as compared to the effect of lead only. The 
effect with a chelator may result from decreased accumulation, 
EDTA complexes with lead, increasing molecular size, and 
prevention of uptake (Shalaby, 2007). 

Conclusion 

As a result, both the effect of lead only and that of lead 
together with EDTA in C. gariepinus caused lead accumulation 
in the gill, liver, kidney, brain, and muscle tissues. The highest 
lead accumulation was in the gill tissue, whereas the lowest was 
in the muscle tissue. The effect of lead with EDTA reduced the 
metal accumulation in the tissues examined when compared to 
the effect of lead only. Therefore, it was concluded that, in C. 
gariepinus, gill tissue is an indicator organ in determining lead 
toxicity and that EDTA has a reducing effect on lead toxicity. 

Acknowledgements 

We would like to thank the Mersin University Scientific 
Research Projects Unit for supporting the 2017-1-TP2-2071 
project. This paper is a part of MSc Thesis of Adeviye Yavuz. 
An earlier version of this paper was presented at the 19th 
National Symposium on Fisheries, Sinop, Turkey. 

Compliance with Ethical Standards 

Authors’ Contributions 

All authors contributed equally to this paper. 

Conflict of Interest 

The authors declare that there is no conflict of interest. 



Karayakar et al. (2021) Marine Science and Technology Bulletin 10(1): 28-35 

33 

Ethical Approval 

The ethics committee approval was obtained from Mersin 
University Animal Experiments Local Ethical Committee by 
decision number 14/45 dated 04/11/2016. 

References 

Abdullah, S., Javed, M. & Javid, A. (2007). Studies on acute 
toxicity of metals to the fish (Labeo rohita). 

International Journal of Agriculture and Biology, 9(2): 
333-337.

Alkahemal-Balawi, H. F., Ahmad, Z., Al-Akel, A. S., Al-Misned, 
F., Suliman, El. A. M. & Al-Ghanim, K. A. (2011). 
Toxicity bioassay of lead acetate and effects of its 
sublethal exposure on growth, haematological 
parameters and reproduction in Clarias gariepinus. 
African Journal of Biotech, 10(53): 11039-11047. 
https://doi.org/10.5897/AJB11.1463 

Al-Balawi, H. F. A., Al-Akel, A. S., Al-Misned, F., El Amin, M. 
S., Al-Ghanim, K. A., Mahboob, S. & Ahmad, Z. (2013). 
Effects of sub-lethal exposure of lead acetate on 
histopathology of gills, liver, kidney and muscle and its 
accumulation in these organs of Clarias gariepinus. 

Brazilian Archives of Biology and Technology, 56(2): 293-
302. https://doi.org/10.1590/S1516-
89132013000200015. 

Alves, L. C. & Wood, C. M. (2006). The chronic effects of 
dietary lead in freshwater juvenile rainbow trout 
(Oncorhynchus mykiss) fed elevated calcium diets. 

Aquatic Toxicology, 78: 217–232. https://doi.org/ 
10.1016/j.aquatox.2006.03.005 

Banaee, M., Haghi, B. N. & Zoheiri, F. (2013). LC50 and 
bioaccumulation of lead nitrate Pb(NO3)2 in goldfish 
(Carassius auratus). International Journal of Aquatic 
Biology, 1(5): 233-239. https://doi.org/10.22034/ 
ijab.v1i5.153 

Bawa-Allah, K. A. & Saliu, J. K. (2015). Acute toxicity and 
bioaccumulation patterns of lead and zinc in juveniles of 
Clarias gariepinus. Journal of Environmental Science 
Toxicology and Food Technology (IOSR-JESTFT), 9(1): 
42-47. https://doi.org/10.9790/2402-09124247

Canlı, M. & Kargın, F. (1995). A comparative study on heavy 
metal (Cd,Cr, Pb and Ni) accumulation in the tissue of 
the carp Cyprinus carpio and the nile fish Tilapia 
nilotica. Turkish Journal of Veterinary and Animal 
Sciences, 19: 165–171. 

Cengiz, E. İ. (2006). Gill and kidney histopathology in the 
freshwater fish Cyprinus carpio after acute exposure to 
deltamethrin. Environmental Toxicology and 
Pharmacology, 22: 200–204. https://doi.org/10.1016/ 
j.etap.2006.03.006

Cicik, B., Ay, Ö. & Karayakar, F. (2004). Effects of lead and 
cadmium interaction on the metal accumulation in 
tissue and organs of Nile tilapia Oreochromis niloticus. 
Bulletin of Environmental Contamination and 
Toxicology, 1(72): 141-148. https://doi.org/ 
10.1007/s00128-003-0252-5 

Clearwater, S. J., Farag, A. M. & Meyer, J. S. (2002). Review: 
Bioavailability and toxicity of dietborne copper and zinc 
to fish. Comparative Biochemistry and Physiology - Part 
C, 132: 269–313. https://doi.org/10.1016/S1532-
0456(02)00078-9 

Çiftçi, N., Cicik, B., Erdem, C. & Ay, Ö. (2008). Effects of lead 
concentrations on sera parameters and hematocrit levels 
in Anguilla anguilla (Linnaeus, 1758). Journal of 
Fisheries Sciences, 2(4): 616-622. https://doi.org/ 
10.3153/jfscom.2008025 

Eisler, R. (2000). Handbook of chemical risk assessment health 
hazards to humans, plants and animals: Vol 1, United 
States of America, 844p. 

Figueiredo-Fernandes, A., Fontanhas-Fernandes, A., Rocha, E. 
& Reis-Henriques, M. A. (2006). The effect of paraquat 
on hepatic EROD activity, liver and gonadal histology in 
males and females of Nile tilapia, Oreochromis niloticus, 
exposed at different temperatures. Archives of 
Environmental Contamination and Toxicology, 51: 626–
632. https://doi.org/10.1007/s00244-005-0208-3

Gül, A., Yılmaz, M. & Işılak, Z. (2009). Acute toxicity of zinc 
sulphate (ZnSO4.H2O) to guppies (Poecilia reticulata 

P.1859). Gazi University Journal of Science, 22(2): 59-65.

James, R., Sampath, K. & Selvamani, P. (1998). Effect of EDTA 
on reduction of copper toxicity in Oreochromis 
mossambicus (Peters). Bulletin of Environmental 
Contamination and Toxicology, 60: 487-493. 
https://doi.org/10.1007/s001289900651 

Jezierska, B. & Witeska, M. (2006). The metal uptake and 
accumulation in fish living in polluted waters. Soil and 
Water Pollution Monitoring, Protection and 
Remediation, 3(23): 107-113. https://doi.org/ 
10.1007/978-1-4020-4728-2_6 

https://doi.org/10.5897/AJB11.1463
https://doi.org/10.1590/S1516-89132013000200015
https://doi.org/10.1590/S1516-89132013000200015
https://doi.org/%2010.1016/j.aquatox.2006.03.005
https://doi.org/%2010.1016/j.aquatox.2006.03.005
https://doi.org/10.22034/%20ijab.v1i5.153
https://doi.org/10.22034/%20ijab.v1i5.153
https://doi.org/10.9790/2402-09124247
https://doi.org/10.1016/%20j.etap.2006.03.006
https://doi.org/10.1016/%20j.etap.2006.03.006
https://doi.org/%2010.1007/s00128-003-0252-5
https://doi.org/%2010.1007/s00128-003-0252-5
https://doi.org/10.1016/S1532-0456(02)00078-9
https://doi.org/10.1016/S1532-0456(02)00078-9
https://doi.org/%2010.3153/jfscom.2008025
https://doi.org/%2010.3153/jfscom.2008025
https://doi.org/10.1007/s00244-005-0208-3
https://doi.org/10.1007/s001289900651
https://doi.org/%2010.1007/978-1-4020-4728-2_6
https://doi.org/%2010.1007/978-1-4020-4728-2_6


Karayakar et al. (2021) Marine Science and Technology Bulletin 10(1): 28-35 

34 

Karaman, Z. & Dörücü, M. (2017). Balıklarda bağışıklık sistemi 
organları ve histolojisi. International Journal of Pure and 
Applied Sciences, 3(1): 65-74.  

Karataş, S. & Kalay, M. (2002). Tilapia zilli’nin solungaç, 
karaciğer, böbrek ve beyin dokularında kurşun birikimi. 

Turkish Journal of Veterinary and Animal Sciences, 26: 
471-477.

Katti, S. R. & Sathyanesan, A. G. (1986). Lead nitrate induced 
changes in the brain constituents of the freshwater fish 
Clarias batrachus (L). Neurotoxicology, 7(3): 47–52. 

Kedziorek, M. A. M. & Bourg, A. C. M. (2000). Solubilization 
of lead and cadmium during the percolation of EDTA 
through a soil polluted by smelting activities. Journal of 
Contaminant Hydrology, 40: 381–392. https://doi.org/ 
10.1016/S0169-7722(99)00056-X 

Khidr, B. M., Mekkawy, I. A. A., Harabawy, A. S. A. & Ohaida, 
A. S. M. I. (2012). Effect of lead nitrate on the liver of the 
cichlid fish (Oreochromis niloticus): A light microscope 

study. Pakistan Journal of Biological Sciences, 15(18): 
854-862. https://doi.org/10.3923/pjbs.2012.854.862

Kusemiju, V., Patience, A. & Oluwatoyin, A. J. (2012). 
Accumulation of lead in the tissues of freshwater catfish 
Clarias gariepinus exposed to static nominal 
concentrations of lead nitrate. Agriculture and Biology 

Journal of North America, 3(12): 510-515. 
https://doi.org/10.5251/abjna.2012.3.12.510.515  

Łuszczek-Trojnar, E., Sionkowski, J., Drazg-Kozak, E. & Popek, 
W. (2016). Copper and lead accumulation in common
carp females during long-term dietary exposure to these
metals in pond conditions. Aquaculture Research, 47:
2334–2348. https://doi.org/10.1111/are.12689

Martinez, C. B. R., Nagae, M. Y., Zaia, C. T. B. V. & Zaia, D. A. 
M. (2004). Acute morphological and physiological
effects of lead in the neotropical fish Prochilodus
lineatus. Brazilian Journal of Biology, 64(4): 797-807.
https://doi.org/10.1590/S1519-69842004000500009

Mazon, A. F., Monteiro, E. A. S., Pinheiro, G. H. D. & 
Fernandes, M. N. (2002). Hematological and 
physiological changes induced by short-term exposure 
to copper in the freshwater fish, Prochilodus Scrofa. 

Brazilian Journal of Biology, 62(4A): 621-631. 
https://doi.org/10.1590/S1519-69842002000400010. 

Mohanambal, R. & Puvaneswari, S. (2013). Bioaccumulatıon of 
lead in various tissues of the freshwater fish Catla catla 
(Hamilton, 1822). International Journal of Development 
Research, 3(8): 54-60.

Morgan, J. D., Sakamoto, T., Grau, E. G. & Iwama, G. K. (1997). 
Physiological and respiratory responses of the 
Mozambique tilapia (Oreochromis mossambicus) to 
salinity acclimation. Comparative Biochemistry and 
Physiology, 117A(3): 391–398. https://doi.org/ 
10.1016/S0300-9629(96)00261-7 

Muramoto, S. (1980). Effects of complexans (EDTA, NTA and 
DTPA) on the exposure to high concentrations of 
cadmium, copper, zinc and lead. Bulletin of 
Environmental Contamination and Toxicology, 25: 941-
946. https://doi.org/10.1007/BF01985635

Muramoto, S. (1983). Elimination of copper from Cu-
contaminated fish by long term exposure to EDTA and 
freshwater. Journal of Environmental Science and 

Health, 18(3): 455-461. https://doi.org/10.1080/ 
10934528309375113 

Ogbuagu, D. H., Adebayo, E. T., Ayoade, A. A., Ugwu, O. B. & 
Mba, D. O. (2015). Lead accumulation in and its 
haematological effects on African catfish Clarias 
gariepinus. African Journal of Aquatic Science, 40(2): 
201–204. https://doi.org/10.2989/16085914.2015. 
1028325 

Poleksic, V. & Mitrovic-Tutundzic, V. (1994). Fish gills as a 
monitor of sublethal and chronic effects of pollution 
(pp. 339-352). In: Mulls, R, Llyod (Eds) on freshwater 
fish. Oxford, London, UK: Fishing News books. 

Ribeiro, A. M., Risso, W. E., Fernandes, M. N. & Martinez, C. 
B. R. (2014). Lead accumulation and its effects on the 
branchial physiology of Prochilodus lineatus. Fish 
Physiology and Biochemistry, 40: 645–657. 
https://doi.org/10.1007/s10695-013-9873-8 

Shalaby, A. M. E. (2007). Effect of EDTA on toxicity reduction 
of cadmium in relation to growth some haematological 
and biochemical profiles of Nile tilapia (Oreochromis 
niloticus). Journal of Fisheries and Aquatic Science, 2(2): 
100-109.

Shukla, V., Dhankhar, M., Prakash, J. & Sastry, K.V. (2007). 
Bioaccumulation of Zn, Cu and Cd in Channa 
punctatus. Journal of Environmental Biology, 28(2): 395-
397.

https://doi.org/%2010.1016/S0169-7722(99)00056-X
https://doi.org/%2010.1016/S0169-7722(99)00056-X
https://doi.org/10.3923/pjbs.2012.854.862
https://doi.org/10.5251/abjna.2012.3.12.510.515
https://doi.org/10.1111/are.12689
https://doi.org/10.1590/S1519-69842004000500009
https://doi.org/10.1590/S1519-69842002000400010
http://www.journalijdr.com/
https://doi.org/%2010.1016/S0300-9629(96)00261-7
https://doi.org/%2010.1016/S0300-9629(96)00261-7
https://doi.org/10.1007/BF01985635
https://doi.org/10.1080/%2010934528309375113
https://doi.org/10.1080/%2010934528309375113
https://doi.org/10.2989/16085914.2015.%201028325
https://doi.org/10.2989/16085914.2015.%201028325
https://doi.org/10.1007/s10695-013-9873-8


Karayakar et al. (2021) Marine Science and Technology Bulletin 10(1): 28-35 

35 

Soengas, J. L. & Aldegunde, M. (2002). Review. Energy 
metabolism of fish brain. Comparative Biochemistry and 
Physiology Part B, 131: 271–296. https://doi.org/ 
10.1016/S1096-4959(02)00022-2 

Tao, S., Li, H., Liu, C. & Lam, K. C. (2000). Fish uptake of 
inorganic and mucus complexes of lead. Ecotoxicology 
and Environmental Safety, 46: 174-180. https://doi.org/ 
10.1006/eesa.1999.1902 

Van Dyk, J. C., Pieterse, G. M. & Van Vuren, J. H. J. (2007). 
Histological changes in the liver of Oreochromis 
mossambicus (Cichlidae) after exposure to cadmium 

and zinc. Ecotoxicology and Environmental Safety, 66: 
432–440. https://doi.org/10.1016/j.ecoenv.2005.10.012 

Vosylienė, M. Z. (1999). The effect of heavy metals on 
haematological indices of fish (survey). Acta Zoologica 
Lituanica. Hydrobiologia, 9(2): 76-82.
https://doi.org/10.1080/13921657.1999.10512290 

https://doi.org/%2010.1016/S1096-4959(02)00022-2
https://doi.org/%2010.1016/S1096-4959(02)00022-2
https://doi.org/%2010.1006/eesa.1999.1902
https://doi.org/%2010.1006/eesa.1999.1902
https://doi.org/10.1016/j.ecoenv.2005.10.012
https://doi.org/10.1080/13921657.1999.10512290


36 

Mar. Sci. Tech. Bull. (2021) 10(1): 36-41 
e–ISSN: 2147–9666 
info@masteb.com 

dergipark.org.tr/en/pub/masteb 
www.masteb.com 

DOI: 10.33714/masteb.776902 

RESEARCH ARTICLE 

Cu, Cd, As and Hg resistance levels in Escherichia coli isolated from 
Mediterranean mussel and sea snail in the Southeastern Black Sea 

Ertugrul Terzi1  • Fatih Civelek2* 

1 Kastamonu University, Faculty of Fisheries, 37200, Kastamonu Turkey 
2 Recep Tayyip Erdogan University, Graduate School of Natural and Applied Sciences, Department of Fisheries, 53100, Rize Turkey 

A R T I C L E  I N F O  
Article History: 

Received: 04.08.2020 
Received in revised form: 14.09.2020 
Accepted: 01.10.2020 
Available online: 29.10.2020 

Keywords: 
Resistance gene 
Rapana venosa 
Mytilus galloprovincialis 
Black Sea 

A B S T R A C T  

Marine environment is exposed to various pollutants such as heavy metals, pesticides, and 
antibiotics. Bacterial resistance to these pollutants is a global problem all over the world. In this 
study, Mediterranean mussel (Mytilus galloprovincialis) and sea snail (Rapana venosa) were 
collected from 12 sampling points from Artvin, Rize, Trabzon, and Giresun Coasts of Black Sea, 
Turkey. A total of 54 Escherichia coli isolated from Mediterranean mussel and sea snail were 
tested for their ability to tolerate Cu, Cd, As, and Hg. For this purpose, minimum inhibitory 
concentration (MIC) tests for all isolates to the Cu, Cd, As, and Hg were done to determine 
tolerance or resistance using the broth dilution technique. MIC concentration for Cu, Cd, As, 
and Hg ranged between 100-400 μg/ml, 100-200 μg/ml, 25-400 μg/ml, and 3.125-25 μg/ml, 
respectively. All of the strains were determined as resistant to Cu, but sensitive to As. Resistance 
to Hg was determined as 7.4 %. The most common resistance gene in the bacteria was nccA and 
followed by chrB and merA. Tolerance or resistance of the bacteria to toxic pollutants including 
heavy metal(oid)s is of significant ecological importance. These bacteria could be used for 
monitoring environmental heavy metal(oid) pollution. 
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Introduction 

Mediterranean mussel (Mytilus galloprovincialis Lamarck, 
1819) and sea snail (Rapana venosa Valenciennes, 1846) are 
commercially important marine species in the Southeastern 
Black Sea. The sea snail is known as native species to the Japan 
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Sea, the East China Sea, and the Bohai Sea (Tsi et al., 1983). It is 
also known as one of the most invasive species in the world. It 
is reported that sea snails first entered the Black Sea in 1946 
(Drapkin, 1963; Saglam et al., 2015). They have a carnivorous 
feeding feature and are usually fed with sessile aquatic 
organisms such as mussels and oysters (Bat and Öztekin, 2016). 
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Another species that has an important place among shellfish is 
M. galloprovincialis, known as Mediterranean mussel or black
mussel. Mediterranean mussels, which are widely consumed all
over the world, are known as one of the most cultivated species
with economic value and rich in organic matter (Fuentes et al.,
2009).

Mediterranean mussels are filter-feeding organisms in the 
water, and they have the potential to accumulate heavy metals, 
pesticides, pathogens, and radioactive materials from aquatic 
environments (Bat and Öztekin, 2016; Kacar, 2011). That is 
why they are one of the most important organisms that indicate 
their aquatic environment status. The mussels contaminated 
with pollutants pose a risk factor for both environmental, 
animal, and human health (Avşar and Berber, 2014; Terzi and 
Isler, 2019). 

The gram-negative bacteria Escherichia coli is an indicator 
organism used to monitor fecal pollution of aquatic 
environments and seafood. The occurrence of E. coli in aquatic 
environments indicates the area or organisms polluted with 
feces with animal or human origin (Avşar and Berber, 2014; 
Terzi, 2018a). It is also known to carry multi-resistance genes 
like heavy metal resistance, antibiotic resistance, disinfectant 
resistance genes (Ture et al., 2020; Yang et al., 2020). 

This study aimed to determine Cu, Cd, As, and Hg 
resistance levels and some resistance genes in E. coli isolated 
from sea snail (R. venosa) and Mediterranean mussel (M. 
galloprovincialis) in the Southeastern Black Sea using minimum 
inhibitory concentration test and molecular methods. 
Differentiation of resistance levels and metal resistance genes in 
isolated bacteria were determined between locations. By 
determining the MIC values of the isolates, the contamination 
status of the aquatic environment of the Southeastern Black Sea 
was revealed. 

Material and Methods 

Study Area, Sampling, and Isolation of E. coli 

Mediterranean mussel and sea snail samples were collected 
from 12 coastal points of the Eastern Black Sea, Turkey (Figure 
1). A total of 54 E. coli strains were isolated from Mediterranean 
mussel (n = 35) and sea snail (n = 19). Detailed information on 
sample collection, bacterial isolation, and identification have 
been given in our previously published articles (Terzi, 2018a; 
Terzi and Isler, 2019). 

Minimum Inhibitory Concentration Test 

Minimum inhibitory concentration (MIC) tests of all 
isolated E. coli strains were performed by the broth dilution 
method of Clinical and Laboratory Standards Institute (CLSI, 

2018). In the tests, analytical grade metal(oid) salts of 
CuCl2.2H2O, CdCl2.6H2O, NaAsO2, and HgCl2 were used for 
copper, cadmium, arsenic, and mercury, respectively. The final 
concentration of 0 (Control), 12.5, 25, 50, 100, 200, 400, and 800 
μg/ml were used for copper, cadmium, and arsenic; and 0 
(Control), 1.56, 3.12, 6.25, 12.5, 25, 50, and 100 μg/ml for 
mercury in Luria Bertani (LB) Broth. After the inoculation of 
each isolate to media containing different concentrations of 
metal(oid)s, it is recorded whether bacteria can grow or not 
after incubation at 35°C for 24-36 hours and the lowest 
concentration that visibly inhibits bacterial growth is recorded 
as MIC. To determine resistance status, the isolates that can 
grow in the concentrations of 10 mM (750 μg/ml) for arsenic, 1 
mM (112 μg/ml) for cadmium, 1 mM (63.5 μg/ml) for copper 
and 0.1 mM (20 μg/ml) for mercury were recorded as resistant 
(Nieto et al., 1987). 

Figure 1. Sampling area 

DNA Isolation and Detection of Resistance Genes by 

PCR 

The boiling technique was used for the DNA extraction of 
the E. coli isolates for PCR assays (Boran et al., 2013; Capkin et 
al., 2015). The presence of merA, nccA, and chrB in the isolated 
bacterial strains was determined by PCR using the gene-specific 
primers shown in Table 1. Genomic DNA was used as template 
DNA in PCR assays. 

PCR mixtures were prepared in 25 µl volumes (100 ng 
template DNA, 12.5 µl 2X Master Mix PCR mixture (NEB 
Master PCR Kit), 100 ng each of primer and sterile distilled 
water). Then, Thermal cycling was done with a Thermal Cycler 
(Biorad T100). The PCR amplification conditions consisted of 
initial denaturation at 95°C for 30 s; 35 cycles of denaturation 
at 95°C for 30 s, annealing at 55−59°C (see Table 1) for 45 s, and 
extension at 68°C for 45 s; and a final cycle of extension at 68°C 
for 90 s. 

After the PCR, 10 µl of PCR mixture was subjected to 
electrophoresis system in 1% agarose gels prepared with 0.5 × 
Tris−Acetate− EDTA buffer and run at 100-110 V for 45-60 
min. The size of resistance genes was estimated by 100 bp DNA 



Terzi and Civelek (2021) Marine Science and Technology Bulletin 10(1): 36-41 

38 

Table 1. Primers used in the PCR reactions 

Target Gene Sequencing (5′-3′) PCR Product (bp) 
Annealing 

Temperature (°C) 
References 

merA 
FW”GAGATCTAAAGCACGCTAAGGC” 

1011 58 (Misra et al., 1984) 
R”GGAATCTTGACTGTGATCGGG” 

nccA 
FW”ACGCCGGACATCACGAACAAG” 

450 59 (Nies et al., 1990) 
R”CCAGCGCACCGAGACTCATCA” 

chrB 
FW”GTCGTTAGCTTGCCAACATC” 

1141 55 (Abou-Shanab et al., 2007) 
R”CGGAAAGCAAGATGTCGATCG” 

ladder (NEB). The gels were then stained with ethidium 
bromide and viewed by UV transillumination. 

Results and Discussion 

Metal(oid) Resistance/Sensitivity Test 

A total of 54 E. coli strains were isolated and identified in our 
previous studies (Terzi, 2018a; Terzi and Isler, 2019). Of these, a total 
of 35 strains were isolated from Mediterranean mussels and 19 from 
the sea snails. The results of the MIC test showing the 
resistance/sensitivity levels of the isolated E. coli strains against Cu, Cd, 
Hg, and As were shown in Table 2. According to these test results, the 
MIC values of bacteria against copper, cadmium, arsenic and mercury 
ranged from 100-400 μg/ml, 100-200 μg/ml, 25-400 μg/ml and 3.125-
25 μg/ml, respectively. 

Table 2. Minimum inhibitory concentration results (μg/ml) 

Location Min-Max Cu Cd As Hg 

Artvin 
Max 400 200 200 12.5 

Min 200 100 100 3.125 

Rize 
Max 400 200 400 12.5 

Min 200 100 25 3.125 

Trabzon 
Max 400 200 400 25 

Min 100 100 50 3.125 

Giresun 
Max 400 200 400 25 

Min 100 100 50 3.125 

According to the resistance levels of bacteria, it was determined 
that all the isolates were resistant to copper, followed by cadmium. No 
resistance to arsenic was detected in any of the bacteria. Mercury 
resistance (7.4%) was determined only in bacteria isolated from the 
stations in Trabzon and Giresun. Bacteria isolated from Rize and 
Artvin stations were determined to be sensitive to mercury (Table 3). 

Distribution of Resistance Genes 

The presence of merA, nccA, and chrB resistance genes in E. coli 
isolated from sea snail and Mediterranean mussel samples collected 

from the coast of Rize, Giresun, Artvin, and Trabzon provinces in the 
Eastern Black Sea were investigated by molecular methods. The 
presence of merA, nccA, and chrB genes in the isolates was shown in 
Table 4. 

Table 3. Number of resistant (R) or susceptible (S) Escherichia 
coli strains to heavy metal(oid)s 

Heavy  
Metal(oid) 

Artvin Rize Trabzon Giresun 

R S R S R S R S 

Cu 4 0 13 0 18 0 19 0 

Cd 1 3 5 8 8 10 11 8 

As 0 4 0 13 0 18 0 19 

Hg 0 4 0 13 2 16 2 17 

Table 4. Distribution of resistance genes 

Resistance 
Genes 

Total 
(%) 

Artvin 
(%) 

Rize 
(%) 

Trabzon 
(%) 

Giresun 
(%) 

N 54 4 13.0 18 19 

merA 20.4 - 23.1 11.1 31.6 

nccA 33.3 75 30.8 22.2 36.8 

chrB 20.4 - 7.7 38.9 15.8 

As a result of the research, nccA gene was the most common 
resistance gene in 33% of bacteria isolated from Mediterranean 
mussels and sea snails. While nccA gene was detected in 75% of 
bacteria isolated from Artvin stations, Giresun followed with 36.8%. 
merA gene responsible for mercury resistance was determined as 
31.6%, 23.1%, and 11.1% at the stations in Giresun, Rize, and Trabzon, 
respectively and cannot be determined in Artvin station. chrB gene was 
detected the highest rate of 38.9% of E. coli in Trabzon. (Table 4). 

Discussion 

Resistance level differences against pollutants in the aquatic 
bacteria isolated from the different aquatic environments have been 
reported in various studies (Capkin et al., 2017; Terzi, 2018b). Sipahi 
et al. (2013) reported that all Enterobacteriaceae members they isolated 
were resistant to copper, also, almost all (99.9%) against manganese 
and 87.2% resistance to lead. Matyar et al. (2010) reported that all of 
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the 356 bacteria isolated from three different stations of Iskenderun 
Bay (Turkey) were resistant to copper and cadmium. Similar to these 
studies, in this study, the MIC values of E. coli strains isolated from 
Mediterranean mussel and sea snail against copper, cadmium, arsenic, 
and mercury were determined as 100-400 μg / ml, 100-200 μg / ml, 25-
400 μg, 3.125-25 μg/ml, respectively. All isolates were resistant to 
copper and this was followed by cadmium. Moreover, in this study, 
arsenic resistance status was not detected in any of the bacteria. 
Mercury resistance was determined only in bacteria isolated from the 
stations in Trabzon and Giresun with rates of approximately 10%. It 
has been determined that the bacteria isolated from the stations in Rize 
and Artvin are sensitive to mercury. The toxicity of some metals like 
zinc, copper, manganese was lower for the bacteria than mercury and 
arsenic. The low toxicity of zinc, copper, and manganese could play an 
important role in biochemical reactions of the cell as a trace element 
(Nies, 1999). Gedik (2018a) reported that the samples of 
Mediterranean mussels (M. galloprovincialis) collected from the same 
samling points had the highest metal concentrations (Cr, Cu, Mn, Pb, 
Zn) at the stations in Trabzon. Similarly, in this study, the resistance 
levels of bacteria isolated from Trabzon stations had the highest 
resistance compared to the other stations. This may show that coastal 
areas of Trabzon are more exposed to pollution than the other stations. 
Besides, Akçay and Moon (2004) reported that Trabzon has local 
pollution in the coastal areas due to the coastal mining areas and 
agricultural activities. Gedik (2018b) reported that heavy metal 
content was found higher in sea snails in the Trabzon region compared 
to Artvin, Giresun and Rize. Baltas et al. (2017) measured heavy metal 
concentrations in soft tissues of Mediterranean mussel and sea snail 
collected from Artvin, Giresun, Rize, and Trabzon regions. They found 
that Cu and Pb concentrations in sea snails had higher than mussel but 
lower for Zn. 

Matyar et al. (2009) found that the tolerance to heavy metals in 
bacteria isolated from fish gills is Cd> Cu> Mn> Cr = Pb, but in 
bacteria isolated from intestines it is listed as Cd> Cu> Cr> Mn = Pb. 
Akinbowale et al. (2007) stated that this order was Cu = Pb> Mn> Cr> 
Zn> Co> Cd in the bacteria isolated from Oncorhynchus mykiss. Abou-
Shanab et al. (2007) reported the resistance frequencies of the bacteria 
against various metal(oid)s such as Pb, Zn, Ni, Cu, Co, Cr, Cd, Hg, and 
As, as 100%, 100%, 100%, 98%, 93%, 53%, 42%, 29%, and 18%, 
respectively. Abskharon et al. (2008) found MIC values for E.coli 
bacteria against copper, cobalt, nickel, zinc, chromium, cadmium and 
lead metals as 1.57, 2.55, 1.7, 9.17, 0.48, 4.4, and 3.1 mM, respectively. 
Toroglu and Dincer (2009) reported that E. coli strains isolated from 
Aksu River showed different levels of resistance to Ni, Cd, Cu, and Cr 
and especially they were more resistant to high concentrations of 
cadmium. Similarly, in this study, we found that all of the bacteria were 
resistant to copper, followed by cadmium and sensitive to arsenic. 
Different levels of resistance to metals may be the temporal and spatial 
difference of bacterial isolations. 

Sipahi et al. (2013) reported that the MIC values of 
Enterobacteriaceae members were 200, 1600, and 1600 μg/ml for 
copper, manganese, and lead, respectively. Gul-Seker and Mater 
(2009) showed that the bacterial strains isolated from the Marmara Sea 
show maximum resistance to Cd, Cu, and Cr, and from the Black Sea 

are similarly 100%, 92.3%, and 92.3%, respectively. Matyar et al. (2009) 
stated that bacteria in İskenderun Bay were resistant to copper and 
cadmium with a rate of 50.5% and 60.2%, respectively and the lowest 
resistance level was determined in the lead as6.5%. It can be said that 
the resistance levels detected in bacteria are caused by the fact that the 
location, life, environment, and time of the bacteria are isolated. 

The presence of resistance genes, the genetic element responsible 
for resistance to contaminants such as heavy metal in bacteria, has 
been reported in several studies. Abou-Shanab et al. (2007) found that 
the mer and ncc metal resistance genes detected by PCR, and the 
bacteria are resistant to mercury and nickel. Moreover, the co-
occurrence of antibiotic resistance genes and heavy metal resistance 
genes has been demonstrated that antibiotic resistance could correlate 
with heavy metal resistance. In this study, nccA gene was the most 
common resistance gene in 33% of bacteria isolated from 
Mediterranean mussel and sea snail. In our previous study, we 
determined 9 different antibiotic resistance genes in the same bacteria 
and it was found that 44.4% of bacteria contained plasmids (Terzi and 
Isler, 2019). In our both studies, the highest antibiotic resistance gene 
was fond as ampC (98 %) responsible for ampicillin resistance and the 
highest metal resistance gene was nccA (33 %) responsible for nickel, 
cobalt, and cadmium. The antibiotic resistance and heavy metal 
resistance genes of these bacteria may be found together on plasmids 
(Chapman, 2003). 

Conclusion 

Sub-lethal concentrations of metal(oid)s in the aquatic 
environment might induce the antibiotic resistance of bacteria (Li et 
al., 2019). Discharge of pollutants such as heavy metals into the aquatic 
environment may lead directly to heavy metal resistance, and directly 
or indirectly for other antimicrobial resistance such as antibiotic and 
disinfectant resistance. Tolerance or resistance of the bacteria to toxic 
pollutants including heavy metals is of significant ecological 
importance. These bacteria could be used for monitoring 
environmental metal pollution. 
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A B S T R A C T  

The significance of seafood in nutrition has started to be better understood after the change 
in the understanding of nutrition in the world. One of the most common species cultivated in 
the world is rainbow trout (Oncorhynchus mykiss) from the origin of North America. 
Transcription factors are a group of proteins containing different functional components for 
the accomplishment of various activities. The basic helix (bHLH) domain is a highly preserved 
amino acid motif that characterizes a family of transcription factors. The bHLH gene family in 
the rainbow trout (Oncorhynchus mykiss) genome has been identified in the current study for 
the first-time using bioinformatics tools. According to the results, 441 bHLH genes (OmybHLH) 
were identified in the rainbow trout genome and the physicochemical properties of those 
proteins were determined. The highest number of the genes was in 7th chromosome of rainbow 
trout with 29 OmybHLH genes. 38 of OmybHLH genes had no intronic regions. OmybHLH 
proteins were divided into 4 main groups in the phylogenetic tree consistent with their motif 
content. The common biological function of OmybHLH proteins was the regulation of 
biological processes. The mode of action of OmybHLH proteins was binding activity. The 
OmybHLH gene family in the rainbow trout and the bHLH gene family in the Atlantic salmon 
(SsabHLH) had 95 orthologous gene relationships and average separation times of those 
orthologous genes were found to be 298 million years ago (MYA). Almost all the OmybHLH 
protein family members have dominated by the α-helix motif which is a stable conformation. 
Identification of the bHLH proteins and evaluation of their properties in rainbow trout can 
open new perspectives for aquaculture applications and fish culture to get better yield using 
genetic data. 
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Introduction 

Fish meat is a highly nutritional food and is rich in protein 
and unsaturated fatty acids, as well as containing essential 
amino acids such as methionine and lysine (İzci et al., 2009). 
Unsaturated fatty acids, which have benefits such as lowering 
blood cholesterol levels and preventing cardiovascular diseases, 
are abundant in fatty fish. Besides, iron, phosphorus and 
calcium are also abundant (Sayılı et al., 1999; Kocaman and 
Sayılı, 2014). The significance of seafood in nutrition has started 
to be better understood after the change in the understanding 
of nutrition in the world. Fish farming has gained importance 
because of the need for animal protein for the increasing 
population (Doğan and Güven, 2005).  

In the beginning, carp cultivation was preferred because of 
its easy cultivation, and then the cultivation of sea bass, sea 
bream and trout species, which have an economic value over 
time, gained importance (Kocaman and Sayılı, 2014). One of 
the most common species cultivated in the world is rainbow 
trout (Oncorhynchus mykiss) from the origin of North America. 
Properties of rainbow trout, such as resistance to high 
temperatures and good adaptation to environmental 
conditions, easy to feed and good growth and having a shorter 
incubation period at higher temperatures than other trout 
types, provide easy adaptation to cultural conditions (Aydın, 
2009). Trout, which is one of the most important freshwater 
fish, has become an important option in the market compared 
to marine fish in terms of both increasing the amount of 
production and being preferred (Yiğit and Aral, 1999). 

Transcription factors are groups of proteins containing 
different functional components for the accomplishment of 
various activities such as DNA binding, activation, 
phosphorylation and protein oligomerization. The basic helix 
(bHLH) domain is a highly preserved amino acid motif that 
characterizes a family of transcription factors. The bHLH 
domain includes two regions: one of them includes about of 10–
15 predominantly basic amino acids (the basic region) and 
other includes about 40 amino acids to construct two α-helices 
separated by a loop of variable length (the helix-loop-helix 
region) (Jones, 2004; Pires and Dolan, 2010). bHLH proteins 
are characterized by protein-protein interaction and highly 
protected areas for DNA binding (Murre et al., 1989; Atchley et 
al., 1999). The effects of these transcription factors are seen in 
many events such as neurogenesis, myogenesis, cell line 
detection, gender detection, cell proliferation and 
differentiation in organisms ranging from plants to mammals 
(Atchley et al., 1999).  

Many of bHLH proteins have been detected in organisms 
ranging from yeast Saccharomyces cerevisiae to zebrafish and 

human (Robinson et al., 2000; Ledent et al., 2002; Wang et al., 
2009), however, in our knowledge, there is no study about the 
bHLH gene family in rainbow trout. The bHLH gene family in 
the rainbow trout (Oncorhynchus mykiss) genome has been 
identified in the current study for the first-time using 
bioinformatics tools. Therefore, it was aimed to determine the 
properties of the bHLH proteins such as their chromosomal 
localization, motif regions, homology models, gene structure, 
the orthologous relationships between the Atlantic salmon 
(Salmo salar) and the predicated roles, molecular functions and 
cellular localization in the rainbow trout. 

Material and Methods 

Identification of bHLH Genes and Their Properties in 

Rainbow Trout Genome 

CLC (Genomics Workbench 11) was used for the 
determination of rainbow trout bHLH proteins. BLASTp search 
was performed for derived protein sequences against NCBI 
(National Center for Biotechnology Information) database. 
Then, conserved domains were determined according to the 
Hidden Markov Model (HMM) and these regions were 
controlled in Pfam (https://pfam.xfam.org/) database. Repeated 
sequences were discarded and rainbow trout bHLH proteins 
were identified and numbered based on their chromosomal 
localization. Physicochemical characterization of identified 
proteins such as molecular weight, amino acid length, 
isoelectric point, etc. was determined by the ExPASy ProtParam 
tool (https://web.expasy.org/protparam/) (Gasteiger et al., 
2005). Besides, genomic sequences of bHLH genes were 
searched against the NCBI (https://www.ncbi.nlm.nih.gov/) 
database to determine their chromosomal localization. The 
data obtained as a result of this search were visualized using 
MapChart (https://mapchart.net/) program (Voorrips, 2002). 
Gene Structure Display Server (Hu et al., 2014) was utilized to 
determine the exon-intron structure of rainbow trout bHLH 
genes. 

Phylogenetic Tree Construction and Determination 

of Conserved Motifs 

ClustalW algorithm was used for protein sequence 
alignment and the phylogenetic tree was created by the 
Maximum Likelihood method with bootstrap analysis for 1000 
replicates in MEGAX (https://www.megasoftware.net/) 
program (Kumar et al., 2018).  

MEME-Suite database, one of the motif determination 
tools, was used to define sequence motifs with short and 
repeating patterns in DNA that are assumed to have a biological 

https://pfam.xfam.org/
https://web.expasy.org/protparam/
https://www.ncbi.nlm.nih.gov/
https://www.megasoftware.net/
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function (Bailey et al., 2015). The maximum motif length was 
selected as between 4-20 aa. 

Gene Ontology Analysis 

Functional data analysis of bHLH proteins belonging to 
rainbow trout was performed using Blast2GO software (Conesa 
et al., 2005). Analyses were carried out in three steps: in the first 
step, BLASTP search against the NCBI database was performed, 
in the second step, mapping according to the BLASTp results 
was accomplished (MAPPING) and in the third step, an 
information file about the sequences was prepared 
(ANNOTATION). At the end of those analyses, three 
categories have been created as predicted molecular functions, 
cellular locations and determination of biological functions for 
bHLH proteins in rainbow trout. 

Identification of Orthologous Genes between 

Rainbow Trout and Atlantic Salmon (Salmo salar) 

The amino acid sequences of bHLH proteins in rainbow 
trout and Atlantic salmon were aligned by the BLASTp 
algorithm. As a result of the BLAST query, genes meeting the 
≥50 similarity condition and the expectation value of e⁻50 were 
selected. Orthologous of bHLH genes in Rainbow Trout and 
Atlantic salmon fish were aligned using Clustal Omega 
(https://www.ebi.ac.uk/Tools/msa/clustalo/) software (Li, 
2003). The homologous (Ks) and non-homologous (Ka) 
exchange rates of the aligned orthologous protein sequences 
were calculated, and this calculation was performed with the 
PAL2NAL (http://www.bork.embl.de/pal2nal/) (Suyama et al., 
2006) database. 

Prediction of the Three-Dimensional Structure of 

bHLH Proteins in Rainbow Trout 

Predicted three-dimensional structures of the bHLH 
proteins were shown by PHYRE2 (Protein 
Homology/Analog/YRecognition Engine; 
http://www.sbg.bio.ic.ac.uk/phyre2) database (Kelley et al., 
2015). BlastP search was performed to search for similar 
sequences and the best result was determined based on the 
three-dimensional structure in Protein Data Bank (PDB). 

Results and Discussion 

Identification of bHLH Genes and Their Properties in 
Rainbow Trout Genome 

After multiple searches for determination of bHLH genes in 
rainbow trout genome, 441 bHLH genes were identified and 
they were named from OmybHLH-01 to OmybHLH-441 based 

on their chromosomal localization. Amino acid (aa) lengths of 
their protein product were between 79 and 2435 aa. The protein 
with the shortest aa sequence was found to be the OmybHLH-
52 protein, and the protein with the longest aa sequence was 
OmybHLH-262. Considering the isoelectronic points (pI) of 
those proteins, these points varied between 4.49 and 11.02; it 
was found that 257 OmybHLH protein were acidic, 184 
OmybHLH protein had basic properties. The percentage of the 
acidic OmybHLH proteins was 58.28%. The molecular weights 
of those proteins ranged from 9051.53 kDa to 259871.6 kDa. 
Besides, 97.96% of the OmybHLH proteins were unstable 
(Supplementary Material 1). 

Considering of the previous studies, 183 in the rice (Oryza 
sativa) genome (Buck and Atchley, 2003; Wei and Chen, 2018) 
35 in the worm (Caenorhabditis elegans) genome, 56 in 
Drosophila (Drosophila melanogaster) genome (Ledent and 
Vervoort, 2001), 52 in the silkworm (Bombyx mori) genome 
(Wang et al., 2007), 139 in the zebrafish (Brachydanio rerio) 
genome (Wang et al, 2009), 115 in the dog (Canis lupus 
familiaris) genome (Wang et al., 2015), 86 in the zebra finch 
(Taeniopygia guttata) genome (Liu and Zhao, 2011), 107 in the 
giant panda (Ailuropoda melanoleuca) genome (Dang et al., 
2011), 57 in the ponerine ant (Harpegnathos saltator) genome 
(Liu et al., 2012), 48 in the jewel wasp (Nasonia vitripennis) 
genome (Liu et al., 2014), 109 in the pig (Sus scrofa) genome 
(Liu, 2015), 116 in the cattle (Bos taurus) genome (Li and Liu, 
2017) were determined as bHLH proteins. When the results of 
this study conducted by different researchers are compared, it 
is seen that the number of bHLH genes found in organisms is 
close to each other, and the number of bHLH genes in the 
rainbow trout genome is higher than other organisms. This can 
be explained by the fact that bHLH proteins in rainbow trout 
can be involved in many key developmental processes and 
require many bHLH proteins to regulate these processes.  
Moreover, wide and detailed searches and high resolute 
genomes may be the reason for these high numbers. 

Map Chart software was used to show the genomic 
distribution of bHLH genes on rainbow trout chromosomes. It 
was realized that the highest number of genes were carried by 
in the 7th chromosome of rainbow trout with 29 OmybHLH 
genes. This was followed by 8th, 5th, 4th and 3rd chromosomes 
with 26, 25 and 24 OmybHLH genes, respectively. The least 
number of genes were located on the 29th chromosome with 2 
OmybHLH genes (Figure 1). Besides, chromosomal 
localizations of 11 OmybHLH genes were mapped in the 
scaffold level (Figure 2). 

http://www.sbg.bio.ic.ac.uk/phyre2
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Figure 1. Presentation of OmybHLH genes localizations on rainbow trout chromosomes 
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Figure 2. Chromosomal distribution of OmybHLH genes on 
rainbow trout genome 

Exon regions are known as sequences encoded in DNA in 
eukaryotes, while intron regions appear as the parts of DNA that are 
not read. Exon-intron distribution of bHLH genes were determined by 
Gene Structure Display Server. According to the results, 38 of bHLH 
genes had no intron regions. Other genes had variable number of 
intron regions. Exon-intron of the genes were presented 
Supplementary Material 2. 

Phylogenetic Tree and Conserved Motifs Analysis 

Phylogenetic relationships are tree-like diagrams that show 
the kinship between species and how long the species split apart 
in the evolutionary process. The phylogenetic tree was drawn 
to evaluate evolutionary relations of OmybHLH proteins of 
rainbow trout. After visualization of the constructed 
phylogenetic tree by Interactive Tree of life (iTOL) online tool 
(Letunic and Bork, 2019), OmybHLH proteins are divided into 
4 main groups (Class I, Class II, Class III, Class IV). It was 
determined that there were 63 proteins in Class I, 128 in Class 
II, 122 in Class III and 128 in Class IV. Class II and Class IV 
were found to contain an equal number of the OmybHLH 
proteins (Figure 3). The phylogenetic tree of OmybHLH 
proteins may provide information about protein sequence 
similarities, differences and their ancestors. 

Protein sequence motifs are often used in genome research 
to identify and classify proteins, to determine specific binding 
sites in proteins and to find functional regions in proteins. 
Conserved motif structures in OmybHLH proteins identified in 
rainbow trout were determined and detailed results are shown 
in Supplementary Material 3. According to the MEME Suite 
database analysis to identify conserved motifs, 12 preserved 
motifs were defined for the 441 OmybHLH proteins. Those 
motif analyses verified the phylogenetic tree allocation. 
Proteins with similar motif compositions were especially in the 
same cluster in the phylogenetic tree.  

Considering the studies on the relationship and 
evolutionary processes of bHLH protein families in different 
organisms, it was observed that atonal bHLH protein homologs 
in organisms such as mice, chickens, and humans are preserved 

throughout the evolutionary process and the coding regions are 
quite similar (Ben Arie, 1996). Besides, according to the 
phylogenetic analysis with 9 species of land plants, bHLH 
proteins found in these plants have come from a common 
ancestor (Pires and Dolan, 2010). In addition, it has been 
concluded that motifs of bHLH proteins found in mushrooms 
were preserved with aa sequences and were associated with 
bHLH proteins included in group B in animals (Sailsbery et al., 
2012). 

Gene Ontology Analysis 

Gene ontology is one of the bioinformatics tools used to reveal 
the features and functionality of gene products in the species. 
Blast2GO software was utilized to define cellular localization, 
biological process and molecular function of OmybHLH 
proteins (Figure 4). According to the analysis results, 
OmybHLH proteins were found to have biological functions 
such as regulation of biological processes, roles in metabolic, 
cellular and developmental processes, multicellular organismal 
processes and response to a stimulus. Consistent with those 
results, in the literature, bHLH proteins are involved as positive 
regulators in biological processes (Norton, 2000), are involved 
as negative regulators (Benezra et al., 1990; Norton, 2000; Perk 
et al., 2005), are promoting myogenic cell proliferation and 
differentiation and are involved in determining flexibility in 
skeletal muscles and respond to mechanical or neuronal stimuli 
(Voytik et al., 1993; Molkentin and Olson, 1996; Puri and 
Sartorelli, 2000; Walters et al., 2000; Perry et al., 2001; Pownall 
et al., 2002; Buckingham et al., 2003; Ishido et al., 2004; 
Tapscott, 2005; Legerlotz and Smith, 2008). Also, they are 
involved in the nervous system development stages and 
function in neuronal cell development and differentiation in 
the brain (Campuzano, 1985; Guillemot et al., 1993; Guillemot, 
1995; Yasunami et al., 1996; Borges et al., 1997; Miyata et al., 
1999; Olson et al., 2001). Moreover, they play an important role 
in embryonic development and embryonic cell differentiation 
(Malecki et al., 1999; Norton, 2000). 

When the cellular locations of OmybHLH proteins were 
evaluated, it was observed that they dispersed to different parts 
of the cell and this dispersion covered the cell, intracellular 
parts and as a cellular anatomical entity. There are studies in the 
literature about that bHLH proteins were found in embryonic 
cells (Nambu et al., 1991; Muralidhar vd., 1993), in muscle cells 
(Perry et al., 2001; Tapscott, 2005), in nerve cells (Guillemot, 
2007; Jahan vd., 2010), in blood cells (Drake et al., 1997; Gering 
et al., 1998), in melanocyte, and mast cells (Hodgkinson et al., 
1993; Steingrimsson et al., 2004; Levy et al., 2006). 
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Figure 3. Phylogenetic relations of OmybHLH proteins. The phylogenetic trees were constructed by multiple sequence alignment using 
the ClustalW program via the MEGA X program (maximum likelihood method)

Mode of action of OmybHLH proteins was found to be the 
binding activity. In addition, those protein groups had 
transcription regulator activity which is consistent with their 
roles. In the literature, it has been revealed that members of the 
bHLH protein family show their molecular functions as 
binding in different studies (Ledent and Vervoort, 2001; Ledent 
et al., 2002; Berkes and Tapscott, 2005; Murre, 2019). 

Considering the current results, OmybHLH proteins have 
significant roles in regulation and development processes in 
many cell types. High gene numbers of this protein family in 

rainbow trout may be explained by multiple significant roles of 
bHLH proteins in different cell types. Gene ontology analysis of 
OmybHLH proteins can draw a frame about the importance of 
these multifunctional proteins in the organisms and their 
predicated roles and localization in the cells. 

Orthologous Genes between Rainbow Trout and 

Atlantic Salmon (Salmo salar) 

Although they are found in different organisms, genes that 
have the same ancestral origins and have structural and 
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functional similarities but are separated from each other during 
the species formation are called orthologous genes. By 
comparing the rainbow trout and Atlantic salmon with the 
bHLH gene sequences, the orthologous gene analysis was 
performed and the separation times of the species were 
determined. Considering of the results, The OmybHLH gene 
family in the rainbow trout and the bHLH gene family in the 
Atlantic salmon (SsabHLH) had 95 orthologous gene 
relationships and the substitution ratio [non-synonymous (Ka) 
versus synonymous (Ks)] was 0.26 (Ka/Ks). Average separation 
times of those orthologous genes were found to be 298 million 
years ago (MYA) (Figure 5, Supplementary Material 4). 
According to the results, it can be estimated that there is a high 
degree of differentiation between the two fish species. 

Figure 4. Predicated biological roles, molecular function and 
cellular localizations of OmybHLH proteins by Blast2GO 
analysis 

Figure 5. Presentation of orthologous gene numbers of 
OmybHLH genes and Atlantic salmon bHLH genes 

Prediction of the Three-Dimensional Structure of 

bHLH Proteins in Rainbow Trout 

Homology is based on the sequence similarity of one or 
more proteins of which structure is known, and the high 
sequence similarity of proteins in this context supports the 
hypothesis that they come from the same ancestor. Predicted 
three-dimensional structures of the OmybHLH proteins were 
determined by homology modelling in the Phyre2 database. 
This modeling was carried out based on >90% confidence 
interval under intensive mode. It was determined that the 
similarity level ranged between 4% and 100% and 12 
OmybHLH proteins showed similarity over 90% (OmybHLH-
45, 58, 145, 359, 370, 371, 372, 373, 380, 391, 424, 433) (Figure 
6). According to the predicted three-dimensional structure of 
the proteins, it was realized that almost all of the protein family 
members were dominated by the α-helix motif which is a stable 
conformation formed by the rotation of the alpha carbon atoms 
of 4 to 50 amino acids in a spiral shape. This structure consists 
of two spirals, which include the basic region and the variable 
loop region (Pires and Dolan, 2010). The amino terminal end 
in the structure allows DNA binding, while the carboxy-
terminal end provides dimerization. When modeled three-
dimensional structures of OmybHLH proteins are evaluated, it 
is seen that these two amphipathic α-helices (H1, H2) produced 
by the dimerization component are present in almost all of 
these protein structures, which is consistent with the literature 
(Murre et al., 1989; Atchley et al., 1999). 

Conclusion 

The study evaluated the bHLH proteins in rainbow trout, 
which are significant transcription factor family in eukaryotes. 
Properties of this protein family such as their chromosomal 
localization, motif regions, gene structure, predicted three-
dimensional structures, orthologous relationships with the 



Celik Altunoglu and Dedeeli (2021) Marine Science and Technology Bulletin 10(1): 42-53 

49 

Atlantic salmon (Salmo salar) bHLH proteins and the predicted 
biological roles, molecular functions and cellular localization 
were determined using in silico analysis by bioinformatics tools. 
Identification of bHLH proteins and evaluation of their 
properties in rainbow trout can open new perspectives for 
aquaculture applications and fish culture to get better yield 

using genetic data. Besides, defined genetic data can be used in 
healthy and high-yield fish farming and those findings can be 
applied to other economically important fish species in 
aquaculture. From these views, the current study includes 
valuable data for OmybHLH proteins, which has potential 
usage in aquaculture implications. 

Figure 6. The predicated 3D structures of OmybHLH proteins 
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A B S T R A C T  

In this study, a total of 109 specimens (57 female and 52 male) of Salaria fluviatilis were 
captured by tulle net and scooped net between October 2017 and March 2018 from the Asi River 
system, Turkey. The length-weight relationship was W =0.0013L3.054 (r²= 0.967) for both sexes 
with isometric growth. The values of the exponent b of the length-weight relationships (LWRs) 
were 3.055 for females and 3.052 for males. The b values for females, males, and both sexes were 
not significantly different from 3.0 (P>0.05). Fulton condition factor (CF) was calculated 
1.3955±0.034 for females, 1.4495±0.042 for males and 1.4212±0.027, for both sexes. Estimations 
of LWRs and CF for both sexes of S. fluviatilis, captured from Asi River, were provided for the 
first time. 
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Introduction 

The freshwater blenny Salaria fluviatilis (Asso, 1801) is a 
member of the family Blenniidae and is well-known in the 
Mediterranean Region. S. fluviatilis is mainly a riverine species, 
naturally found in drainages around the northern 
Mediterranean and from Turkey, Israel to Portugal, and in 
Morocco and Algeria (Oliveira et al., 1992; Crivelli, 1996; 
Kottelat and Freyhof, 2007; Froese and Pauly, 2020). S. 
fluviatilis was reported from Seyhan Reservoir (Alagoz, 2005), 

* Corresponding author 
E-mail address: alagozs@cu.edu.tr (S.Alagöz Ergüden) 

Ceyhan River (Alp and Kara, 2007) and drainage of the Black 
Sea (Bostancı et al., 2016), Aegean and some Mediterranean 
regions of Turkey (Geldiay and Balık, 1999; İlhan et al., 2013; 
Erguden, 2016; İnnal, 2019; Çiçek et al., 2020). 

S. fluviatilis a common inhabitant of stony and gravel
bottoms of rivers and brooks (Bath, 1986). It is generally 
preferred rubble and gravel substrate. Adults feed on small 
benthic organisms such as small snails and shrimps, and all 
kinds of insect larvae (Wilson, 2009). This species can reach up 
to 15.4 cm in total length (Laporte et al., 2012), and the 
maximum age is 5 (Kottelat and Freyhof, 2007). Females 
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deposit a layer of eggs on the underside of the nest stone and 
the eggs are guarded against predators by the males (Cote et al., 
1999). S. fluviatilis individuals start breeding at the end of the 
first year and a female can lay around 1200 eggs at one time 
(IUCN, 2020). Females lay an average of 200-300 eggs at a time, 
2-30 times (Çoker et al., 2019). The number of eggs in a nest is
around 500-8000 (Gasith and Goren, 2009).

S. fluviatilis is considered as Least Concern (LC) in the
IUCN Global Red List for inland waters (IUCN, 2020), this 
species has affected and decreased from large parts of the Asi 
River drainage due to pollution, habitat destruction, and water 
abstraction. Thus, it is considered a locally endangered species 
listed by the IUCN Red List (Crivelli, 2006; Fricke et al., 2007). 

Length-weight relationships (LWRs) are calculated for 
estimating the weight of a given length. LWRs are also useful 
for comparing life history and morphological aspects of 
populations inhabiting different habitats. Besides, LWRs are 
necessary for stock assessment and fisheries management 
(Pauly, 1983; Petrakis and Stergiou, 1995; Goncalves et al., 1997; 
Koutrakis and Tsikliras, 2003). Because the LWR values; in the 
length values for estimation  of biomass, in the estimation of 
weight from a given length, and in stock estimation models 
transforming growth in length and growth in weight equations 
to each other for comparison of life cycle of a fishes from 
different areas are widely used by many researchers (Binohlan 
and Pauly, 1998; Froese, 2006). 

Condition factor (CF) is used for comparing the fish’s 
health or the fatness of the fish (Froese, 2006). The condition 
factor is an index reflecting interactions between biotic and 
abiotic factors in the physiological condition of the fishes. The 
condition of the fish is calculated from the estimation of the 
length-weight relationships. Thus, CF is also an essential 
parameter for the evaluation of fish stocks, and this parameter 
is widely used for studies of fisheries and fish biology.  

Figure 1. Salaria fluviatilis (Asso, 1801) captured in the Asi 
River 

To date, a few studies regarding length-weight relationships 
of S. fluviatilis were in the eastern Mediterranean and the 

Aegean Sea for the inland waters of Turkey (İlhan et al., 2013; 
Erguden, 2016; İnnal, 2019). However, LWRs and condition 
factors according to sexes for S. fluviatilis have not been 
reported from Turkey. Besides, there is no information on 
LWRs and CF for S. fluviatilis from the Asi River system 
(Southeastern Anatolia, Turkey). In the present paper, author 
reported on the estimations of LWRs and CF for both sexes of 
S. fluviatilis, captured from Asi River, were provided for the first
time.

Material and Methods 

A total of 109 (57 female and 52 male) specimens were 
captured from Asi (Orontes) River system using tulle net and 
scooped net at 0-2 m depths between October 2017 and March 
2018 (Coordinates: 36° 48’ N, 36° 10’ E – 36° 53’ N, 36° 15’ E). 
Species identification follows Geldiay and Balık (1999) and 
confirmed based on FishBase (Froese and Pauly, 2020) (Figure 
1). Total length (TL) was measured to the nearest 0.1 cm by 
means of a vernier caliper and total weight was recorded to the 
nearest 0.01 g on a precision balance. The sex of each specimen 
was determined by examining the gonads macroscopically. 
Chi-square (χ2) analysis was used to test the significant 
differences between the sex ratio. 

The relationship between the length and weight of the fish 
samples were estimated using the equation 

𝑊𝑊 = 𝑎𝑎𝐿𝐿𝑏𝑏  (Ricker, 1975) 

where W is the weight of the fish, TL is the total length, and a 
and b are constants. The relationship between total length, TL, 
and weight was calculated for females, males, and all 
individuals. The significance of the regression was assessed by 
ANOVA. The student’s t-test was applied to determine the 
significance of differences (95% level) between the isometric 
growth (b=3) and the estimated b value of the equation.  

Fulton’s coefficient of condition factor (CF) was calculated 
by the formula given below. 

𝐶𝐶𝐶𝐶 =
𝑊𝑊
𝐿𝐿3

× 100 

where; L is length (cm) and W is weight (g) (Bagenal, 1978; 
Sparre and Venema, 1992). 

The relationships among the variables were identified using 
the regression analysis. The observed differences were 
evaluated statistically using SPSSv. 22.0 package program and 
Student’s t-test (Sokal and Rohlf, 1969). 

Results 

Of the 109 specimens, 57 were (52.30%) females, 52 were 
males (47.70%). The sex ratio for female and male individuals 
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(F:M) was 1.00:0.91. The χ2 test showed (χ2= 3.819, P>0.05) that 
there was no significant difference in sex ratio from the 
expected 1:1. Total length in females ranged from 1.7-7.1 cm 
with a mean of 3.23±1.32 cm. Total length in males ranged from 

2.0-6.8 cm with a mean of 3.29±1.33 cm. The mean total 

weights of females and males values were 0.78±1.10 g and 
0.81±1.09 g, respectively (Table 1). The t-test showed that there 
was significant difference between sexes in overall total length 
and total weight (t=1.477, P<0.05). Females were more 
abundant length class (in 3.5-2.5 cm) than males (in 3.0-2.0 cm) 
in the length class. The dominant length class in the total 
samples was 2-2.5 cm (Figure 2). 

The b values of length-weight relationship, which were not 
significantly different between sexes (ANOVA, P>0.05), 
indicated isometric growth for females (b=3.055), males 

(b=3.052) and both sexes (b=3.054). The estimated parameters 
of the length-weight relationship parameters are given in Table 
2. The LWRs were described as W =0.0012xL3.055 (r² = 0.969) for
females, W =0.0012xL3.052 (r²= 0.965) for males, and W
=0.0013xL3.054 (r²= 0.967) for both sexes. Estimation of length-
weight relationship for female, male, and both sexes are given
in Figure 3.

The length-weight relationships were isometric growth in S. 
fluviatilis samples for females, males, and both sexes. The b 
values for females, males, and both sexes were not significantly 
different from 3.0 (b=3, P>0.05), (Table 2). In addition to the 
present study, a comparison of published length-weight 
relationship parameters in different regions for S. fluviatilis is 
given in Table 3. 

Figure 2. Length frequency distributions of S. fluviatilis collected in Asi River 

Table 1. Mean and standard deviation, minimum, maximum, for total length (TL) and weight (W) characteristics according to sexes of 
S. fluviatilis occurring in the Asi River

Sex N Lmin-Lmax (cm) Mean±SD Wmin-Wmax (cm) Mean±SD 

Female 57 1.70-7.10 3.23±1.32 0.07-4.85 0.78±1.10 

Male 52 2.00-6.80 3.29±1.33 0.10-4.37 0.81±1.09 

Both 109 1.70-7.10 3.26±1.32 0.07-4.85 0.78±1.10 

Note: N: Sample Size; S.D: Standard Deviation Min: Minimum; Max: Maximum 

Table 2. Length-weight relationship parameters for S. fluviatilis in Asi River (Southeastern Anatolia) 

Sex N a b ±S.E(b) 95% C.I. of b r2 t-test P Growth 

Female 57 0.00120 3.055 0.073 2.908-3.201 0.969 0.587 >0.05 Isometry 

Male 52 0.00120 3.052 0.082 2.888-3.216 0.965 0.974 >0.05 Isometry 

Both 109 0.00130 3.054 0.054 2.947-3.154 0.967 1.097 >0.05 Isometry 

Note: N: Sample Size, a: Intercept of the relationship; b: Slope of the relationship; S.E.(b): Standard Error of b; r2: Coefficient of 
determination, C.I.: Confidence Interval 
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Figure 3. Length-weight relationship of S. fluviatilis. (A), 
female (B), male and (C), both sexes in Asi River (Southeastern 
Anatolia, Turkey) 

The present study, Fulton condition factor (CF) value was 
estimated as 1.3955±0.034, for females, as 1.4495±0.042 for 
males and as 1.4212±0.027 for both sexes. Condition factor 
values showed no significant variations (P>0.05) of S. fluviatilis 
for between sexes. 

Discussion 

Investigations carried out on 109 specimens of S. fluviatilis, 
captured in the Asi River, revealed a sex ratio (males: females) 
of 1.00:0.91. Besides, it was also observed that females were 
more dominant in the population (Figure 2). In a study 
conducted in Ceyhan River by Alp & Kara (2007) reported the 
female/male ratio (F:M) as 0.69:1.00. Neat et al. (2003) 
determined as 0.73 in Lake Kournas, 0.58 in the Fango River, 
and 0.61 in Lake Garda (Italy). In the present study, the sex ratio 
of S. fluviatilis in the Asi River was slightly different from those 
in these previous reports, but similarly, females are dominant 
than males. According to Cote et al. (1999) The differences in 
the sex ratio of S. fluviatilis may be due to the egg guarding 
behavior of the males. 

Total lengths of examined specimens of S. fluviatilis ranged 
between 1.7 and 7.1 cm. This finding is similar to the studies 
from different regions, e.g., 2.0-7.0 cm Kleanthidis et al. (1999) 
from Greece (Lake Trichonis); 2.0-7.5 cm (Erguden, 2016) from 
the Southeastern Anatolia, Turkey; 2.1-7.5 cm from western 
Mediterranean brackish water of Turkey (İnnal, 2019). Other 
results having considerably lower length range were also 
reported from different locations such as 2.4-6.5 cm from Rhios 
estuary, NW Aegean, Greece (Koutrakis and Tsikliras, 2003), 
2.3-4.8 cm from Lake Iznik, Turkey (Tarkan et al., 2006). 
However, as a different result, İlhan et al. (2013) from Turkey 
Inland waters (7 drainage basin) declared maximum length 
(TL= 12.9 cm) for S. fluviatilis. The length differences in values 
might be explained with the habitat differences, environmental 
factors and catch period. Moreover, the size of fishes may 
fluctuate due to gender, season, feeding rate, gonadal 
development, water flow, and their behavior (Tarkan et al., 
2006). 

The values of the exponent b provide information on fish 
growth. When b=3, the increase in weight is isometric. When 
the value of b is higher than 3, the weight increase is allometric 
(positive if b>3, negative if b<3). In the present study, the b 
values ranged from 3.055 for female to 3.052 for male 
individuals of S. fluviatilis. 

Based on previously reported studies, positive allometry and 
isometry were observed in S. fluviatilis from the west and the 
east Mediterranean inland waters of Turkey (Table 3). The 
presented paper, the b values were generally in similar results 
for S. fluviatilis reported from other geographical areas 
(Kleanthidis et al., 1999; Tarkan et al., 2006; İlhan et al., 2013; 
Erguden, 2016). The observed small differences could be due to 
the fishing equipment, season, fishing pressure, sampling 
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Table 3. Length-weight relationships of S. fluviatilis from different regions 

Author(s) Locality Sex N Lt Length (cm) a b r2 

Kleanthidis et al. (1999) Lake Trichonis, Greece 
Female 441 TL 2.0-7.0 0.01020 3.080 0.941 

Male 409 TL 2.0-7.0 0.00680 3.330 0.980 

Koutrakis and Tsikliras (2003) 
Rhios estuary, 
NW Aegean, Greece 

Mixed 5 TL 2.4-6.5 0.01220 2.986 0.986 

İlhan et al. (2013) 
Turkey Inland waters 
(7 drainage basin), Turkey 

Mixed 652 TL 2.0-12.9 0.0135 3.004 0.986 

Tarkan et al. (2006) Lake İznik, Marmara Mixed 92 TL 2.3-4.8 0.00960 3.060 0.933 

Erguden (2016) Seyhan Reservoir, Turkey Mixed 97 TL 2.0-7.5 0.01170 3.084 0.962 

İnnal (2019) 
Western Mediterranean 
Brackish water, Turkey 

Mixed 100 TL 2.1-7.5 0.00620 3.308 0.960 

This study Asi River, Turkey Mixed 109 TL 1.7-7.1 0.00130 3.054 0.967 

Note: Lt: Length type 

procedure, sample size, length range, reproduction season and 
environmental or habitat factors (Petrakis and Stergiou, 1995). 
However, the previous two reports of positive allometric 
growth of S. fluviatilis has also been reported by Kleanthidis et 
al. (1999) (male samples; b=3.330 for Lake Trichonis, Greece) 
and by İnnal (2019) (b=3.308 for W. Mediterranean brackish 
water). On the contrary, Koutrakis and Tsikliras (2003) from 
Rhios estuary of Greece has reported negative allometric 
growth (b=2.986). These differences could be the result of 
environmental variations or habitat factors (Hossain et al., 
2015), including seasonal effect, degree of stomach fullness, 
gonad maturity, food richness (Gonzalez et al., 2004; Ruiz-
Campos et al., 2006), sex, health, reproductive period, and 
seasonal variation (Bagenal and Tesch, 1978; Alp et al., 2005). 

According to Bagenal and Tesch (1978) and Goncalves et al. 
(1997), the parameters of b generally do not vary significantly 
throughout the year, unlike parameter a, which may vary 
seasonally, daily, and between habitats. Besides, several factors 
are known to influence the LWRs in fish, including habitat, 
general fish condition, gonad maturity, season, and 
preservation of fish (Tesch, 1971; Bagenal and Tesch, 1978; 
Wootton, 1990), these factors were not accounted in the present 
study.  

The coefficient of determination (r2) was found to be >0.96, 
a highly significant value of the result. The regression analysis 
has demonstrated that fish length had a highly significant 
correlation with weight (P<0.001).  

Le Cren (1951) and Ricker (1975), reported the condition 
factor of fish populations may show variations with gonad 
development, feeding activity and seasonal changes in growth. 

In this study, CF values were also calculated, where the lowest 
and highest estimations were found to be 1.3955 and 1.4495, 
respectively, with a mean value of 1.4212±0.027 for both sexes. 
Le Cren (1951) declared that CF values greater than 1 indicated 
the good condition of the fish whereas a value <1 is indicative 
of the reverse nature. The present results revealed that both 
males and females indicate that both of the sexes are in good 
condition for S. fluviatilis. 

Conclusion 

The present study provides the first reference on LWRs and 
CF, of S. fluviatilis. Besides, the CF value of S. fluviatilis 
calculated for both sexes showed that it was in a very good 
condition in terms of its optimum growth in the Asi River. This 
study is also useful for fishery biologist, sustainable fishery 
management, and conservation.  

S. fluviatilis is considered a locally endangered species listed
by the IUCN Red List (Crivelli, 2006; IUCN, 2020). Besides, this 
species is locally threatened inland waters of Turkey due to 
dams built on rivers, habitat destruction, pollution, and water 
abstraction in the next years (Fricke et al., 2007). Today, S. 
fluviatilis has affected and decreased from large parts of the Asi 
drainage due to water pollution habitat destruction and 
introduction of exotic species. Therefore, a conservation action 
should be taken as a high priority for this species. 
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A B S T R A C T  

The population of Pinna nobilis (Linnaeus, 1758) has been severely damaged, especially 
by the effect of the disease, in addition to the causes such as fishing activities, 
overexploitation, environmental pollution, habitat degradation, tourism, and human 
impacts. Particularly, Haplosporidium pinnae caused gigantic destruction in the P. nobilis 
population. Accordingly, the present study aimed to determine the current status of the P. 
nobilis populations in the Çanakkale Strait. Samplings were carried out between July and 
August 2020 at 9 different stations in the Çanakkale Strait. The results revealed that mass 
mortality was observed at the two stations (Abide Beach and Kumkale Village Beach) 
located near the Aegean Sea. On the other hand, it has been determined that the lowest 
mortality rate (9.62%) has been found at Ilgardere station. Juvenile individuals have been 
observed in healthy and uninfected populations with high survival rates. This paper is the 
first document on the spatial distribution of P. nobilis in Çanakkale Strait. Therefore, the 
P. nobilis population should be continuously monitored to ensure the sustainability of the
species.
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Introduction 

The fan mussel Pinna nobilis is an endemic species and the 
largest marine bivalve in the Mediterranean Sea. It can reach to 
1.2 m (Zavodnik et al., 1991) and live up to 45 years (Rouanet 
et al., 2015). It is distributed in the coasts covered by the 
seagrass meadows, mud, sandy mud, or gravel, and it is buried 
in the soft bottom (or holds on to soft bottoms) by its byssus 
(Tebble, 1966).  

P. nobilis are filter-feeder organisms that feed suspended
organic/inorganic matters. Due to this characteristic, it is a 
good and sensitive bio-indicator for Mediterranean littoral 
quality and water quality (Vicente et al., 2002; Natalotto et al., 
2015). In addition to the hard surface of this species, it serves as 
potential living habitat for many species such as annelids, 
ascidians, bivalves, bryozoans, cnidarians, crustaceans, 
echinoderms, macroalgae, gastropods, sponges (Rabaoui et al., 
2009, Acarli et al., 2010). On the other hand, the population of 
ecologically important fan mussel has been greatly reduced due 
to recreational and commercial fishing activities to supply food, 
shell usage for decorative purposes, and incidental killing by 
trawling and/or anchoring. The fan mussel has been announced 
as an endangered and protected species under Annex IV of the 
Habitats Directive (Council Directive 92/43/EEC). Particularly, 
species of Haplosporidium parasite, Haplosporidium pinnae 
caused great destruction to the P. nobilis population for the last 
four years (Vázquez-Luis et al., 2017; Dariba et al., 2017; Carella 
et al., 2019; Katsanevakis et al., 2019). Moreover, the status of 
the species has been updated from “Vulnerable” to “Critically 
Endangered” by the Spanish Sectoral Environmental 
Conference on 17 July 2017, at the national level. 

In Turkey, some characteristics of the species have been 
investigated such as growth (Acarli et al., 2011a; Demirci and 
Acarli, 2019), spat settlement (Acarli et al., 2011b; Kurtay et al., 
2018), and gonad development (Acarli et al., 2018). However, 
there is an exclusive study on the determination of P. nobilis 
population in the Aegean Sea and the Marmara Sea (Acarlı et 
al., 2020; Öndes et al., 2020a). However, there is no study on the 
P. nobilis population in the Çanakkale Strait. Therefore, the
present study aimed to determine the P. nobilis population in
the Çanakkale Strait and to provide recent knowledge to the
scientific literature about the current status of the species.

Material and Methods 

This study was carried out at 9 stations in the Çanakkale 
Strait (Figure 1). Çanakkale Strait is located in the north-
western part of Turkey and is a part of the Turkish Straits 
System including Bosporus Strait, the Marmara Sea, and 

Çanakkale Strait (Kale, 2020). It is a transition zone between the 
Aegean Sea and the Black Sea. The region has a typical 
transition climate type characterized by rainy and cold winters 
and dry and hot summers (Kale, 2020). Cengiz and Akbulak 
(2009) reported that July is the warmest month and January is 
the coldest month. Kale (2017a) documented that air 
temperature had an increasing trend in the region similar to the 
report of Kale (2017b) which indicates that trends in the 
evaporation were increasing. 

Figure 1. Study area (Station Names; 1: Yapıldak, 2: Çardak 
Kum Adası, 3: Cennet Bay, 4: Abide Beach, 5: İntepe, 6: 
Kumkale Harbour, 7: Kumkale Village Beach, 8: Hamza Bay, 9: 
Ilgardere) 

Figure 2. Habitat structure of the sampling stations in the 
Çanakkale Strait (Station Names; 1: Yapıldak, 2: Çardak Kum 
Adası, 3: Cennet Bay, 4: Abide Beach, 5: İntepe, 6: Kumkale 
Harbour, 7: Kumkale Village Beach, 8: Hamza Bay, 9: Ilgardere) 

Monitoring fish and underwater habitats require non-
destructive investigation techniques and this is usually 
succeeded by divers carrying out underwater visual census 
(UVC) (Pelletier et al., 2011). UVC is the most common 
approach to estimate the abundance, diversity, and size of fishes 
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Table 1. Descriptive information of the sampling locations 

Station Coordinates 
Surveyed 
Area (m2) 

Depth 
Range(m) 

Habitat Structure 

Yapıldak 
40º14’017”N 
26º32’460”E 

1500 2-6
Posidonia sp. (30%) 
Zostera sp. (60%) 
Sandy (10%) 

Çardak Kum Adası 
40º23’003”N 
26º42’542”E 

3500 5 
Lyngbya majuscula (90%) 
Dead Posidonia sp. + Sandy (10%) 

Cennet Bay 
40º17’544”N 
26º31’128”E 

2000 2-4
Posidonia sp. (20%) 
Zostera sp. (80%), (from shore to 2.5 m depth) 

Abide Beach 
40º03’148”N 
26º12’497”E 

2500 3-5
Posidonia sp. (40%) 
Zostera sp. (60%) 

İntepe 
40º01’025”N 
26º18’861”E 

2500 0-7*
Posidonia sp. (70%) 
Zostera sp. (30%) 

Kumkale Harbour 
40º00’053”N 
26º15’624”E 

3500 0-5*
Posidonia sp. (50%) 
Zostera sp. (50%) 

Kumkale Village Beach 
40º00’446”N 
26º12’505”E 

3000 4-6 Sandy (100%) 

Hamza Bay 
40º24’649”N 
26º40’833”E 

3000 4-5
Posidonia sp. (20%) 
Zostera sp. (80%) 

Ilgardere 
40º16’683”N 
26º29’631”E 

1500 3-4
Posidonia sp. (30%) 
Zostera sp. (70%) 

Note: * indicates that no specimen was observed. 

in clear waters. On the other hand, the estimation of the 
abundance by UVC approach is exclusively problematic in 
species that highly aggregated and/or observing at low densities 
due to their high mobility at both temporal and spatial scales 
(Irigoyen et al., 2018). The statistical strength of investigations 
including UVC approaches may be improved by increasing the 
number of replicates or the area explored. Alternatively, video-
based techniques have become commonly used tools to observe 
underwater macrofauna and habitats (Pelletier et al., 2011). 
Therefore, SCUBA diving equipment was used to determine the 
current status of the P. nobilis population. Transect and visual 
census methods were used to estimate the abundance of the 
populations of P. nobilis. Depending on underwater visibility 
(2.5-10 m), divers detected the number of alive and dead P. 
nobilis individuals in a certain area underwater. At the same 
time, the UVC observation methodology was also supported 
with video-based tools (GoPro Silver model, and Nikon 
Coolpix 5600 model). The depths and temperature were 
measured with the Oceanic Geo 2 dive computer. The divers 
used an underwater tablet as an approximate estimator to 
measure the shell lengths of P. nobilis (dead or alive) 
underwater. Then, all measurements were photographed by the 

divers and all taken photos were analysed to determine 
unburied shell lengths by using an image processing toolbox in 
Matlab. The actual lengths of P. nobilis were calculated by the 
formula between the unburied shell length and total shell length 
given in Equation 1. Raw data provided by Acarli et al. (2018) 
were used in order to calculate this relationship. 

𝑎𝑎 = 0.8061𝑏𝑏 + 28.61 (𝑟𝑟2 = 0.717) (1) 

In this equation, a is calculated total length, b is unburied 
shell length. 

Descriptive information about the sampling locations such 
as habitat characteristics, depth, and surveyed area are given in 
Table 1. Since the underwater habitat differs in each region, the 
divers first determined the transect distance, and then the 
surveyed area was calculated separately for the number of dead, 
alive and total (dead + alive shell) individuals per 1000 m2. Shell 
lengths were measured by UVC techniques. 

Results 

During the underwater observations, the temperature was 
recorded as 27°C for Abide beach and Kumkale Harbour, 
26.8°C for Kumkale Village Beach, 26.5°C for İntepe, 26.3°C for 
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Figure 3. Illustrations of alive P. nobilis observed during underwater observations in different habitats in the Çanakkale Strait 

Ilgardere, 26°C for Cennet Bay Yapıldakaltı, Hamza Bay, and 
Çardak Kum Adası. It has been observed that P. nobilis 
individuals in small size groups were between 108 mm and 200 
mm in length and they distributed throughout 1.5-2 m water 
depth. It has been determined that the majority of the 
individuals in the large size groups (>30 cm) are distributed 
between 4 and 6 m water depth. In addition, 90% of the 
individuals were observed in seagrass meadows of Posidonia sp. 
and Zostera sp. while the rest were completely found on the 
sandy habitat (Table 1). Habitat structure of the sampling 
stations in the Çanakkale Strait is presented in Figure 2. 

Minimum and maximum shell length values were given in 
Table 2. A total of 494 fan mussel individuals were observed 
during underwater observations. Some illustrations taken 
during the underwater observations were shown in Figure 3. 
Total numbers of individuals observed at all stations in the 
Çanakkale Strait are demonstrated in Figure 4. It has been 
determined that 71.25% of P. nobilis individuals were dead. The 
spatial distribution of dead and alive individuals in the 
Çanakkale Strait was given in Figure 5. No individuals were 
observed at İntepe and Kumkale Harbour stations located near 

the Aegean Sea. Mass mortality was observed in Abide Beach 
and Kumkale Village Beach nearly located to the Aegean Sea 
whereas the least mortality was found in Ilgardere station 
(9.62%) located in the central part of the strait. 

Figure 4. Total numbers of individuals observed in the 
Çanakkale Strait (Station Names; 1: Yapıldak, 2: Çardak Kum 
Adası, 3: Cennet Bay, 4: Abide Beach, 5: İntepe, 6: Kumkale 
Harbour, 7: Kumkale Village Beach, 8: Hamza Bay, 9: Ilgardere) 
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Table 2. Minimum and maximum shell length values of Pinna nobilis individuals measured by the underwater visual census in the 
Çanakkale Strait 

Station 
Alive Dead Total 

N Min-Max (cm) N Min-Max (cm) N Min-Max (cm) 

Yapıldak 9 12.5-22.5 27 22.6-36.0 36 12.5-36.0 

Çardak Kum Adası 7 22.4-28.2 17 28.3-35.3 24 22.4-35.3 

Cennet Bay 65 11.3-30.0 18 30.1-37.4 83 11.3-37.4 

Abide Beach  0 - 27 28.8-38.2 27 28.8-38.2 

İntepe 0 * 0 * 0 * 

Kumkale Harbour 0 * 0 * 0 * 

Kumkale Village Beach 0 - 248 24.0-42.7 248 24.0-42.7 

Hamza Bay 14 13.6-15.8 10 15.9-24.1 24 13.6-24.1 

Ilgardere 47 10.8-29.1 5 29.2-34.7 52 10.8-34.7 

Note: No P. nobilis individual was observed in this station. 

On the other hand, the mortality rate was lower in Hamza Bay 
station, and Çardak Kum Adası stations located near the 
Marmara Sea. However, in the central part of the strait, one 
station (Yapıldak station) has a very high mortality, whereas the 
other two stations (Cennet Bay station, Ilgardere station) that 
very close to this station (Yapıldak station) have a very low 
mortality rate. Table 3 provides further information about the 
findings on the mortality at all stations.  

Figure 5. Spatial distribution of dead/alive individuals in the 
Çanakkale Strait (Station Names; 1: Yapıldak, 2: Çardak Kum 
Adası, 3: Cennet Bay, 4: Abide Beach, 5: İntepe, 6: Kumkale 
Harbour, 7: Kumkale Village Beach, 8: Hamza Bay, 9: Ilgardere) 

Discussion 

This study was carried out in 9 stations in order to 
determine the fan mussel population and to provide recent 
knowledge on the current status of the species in the Çanakkale 
Strait. The current status of the population should be 
monitored since the P. nobilis species could not preserve its 
existence in the Mediterranean and had high mortality rates. 
Cabanellas-Reboredo et al. (2019) indicated that the main 
reasons are higher salinity and water temperature (>13.5°C) for 
the increase of the parasite infections in P. nobilis. The authors 
also documented that mortality was found at the temperature 
of 26.5°C. Šarićet al. (2020) reported mass mortality between 
13°C and 25°C temperature in the Adriatic Sea. However, non-
infected areas where less exposed to major sea currents have 
also been detected by the authors. Trigos (2015) indicated that 
the high temperatures of the seawater during the summer 
months could have decreased the physiological capacity of P. 
nobilis to resist parasite infections since respiratory 
requirement will be increased at high temperatures. In the 
present study, the temperature was recorded between 26°C and 
27°C during the underwater observations in July and August 
2020. The temperature (when combined with other stressors) 
may have a fatal impact on the population of P. nobilis 
particularly at stations that mass mortality (100%) has 
occurred. However, the mortality rate was found in other 
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stations. Šarić et al. (2020) reported that areas less exposed to 
sea current were at lower risk of pathogen transmission. 
Although the transmission of the disease is commonly through 
the currents, the present study reports a different case for this 
common phenomenon. The spread of the disease occurs in the 
opposite direction to the currents in the strait. The current in 
the Çanakkale Strait has a two layer structure. The upper layer 
flows from the Marmara Sea to the Aegean Sea while the lower 
layer flows from the Aegean Sea to the Marmara Sea. The upper 
layer of the current sometimes reverses because of the 
meteorological conditions and the shape of the coasts (Başar, 
2010). Similarly, Jarosz et al. (2012) estimated that large 
amounts of lower part of the current (approximately 43%-45% 
of the flow) reversed back to the Aegean Sea. Therefore, this 
inverse relationship between the spread and expected route of 
the disease could be related to the currents directions. The 
decrease of the mass mortality and lower spread of the disease 
could be associated with the reverse current. 

Mass mortality (100% death) was observed in Kumkale 
Village Beach station and Abide Beach station located near the 
Aegean Sea similar to Öndes et al. (2020a). On the other hand, 
the mortality rate was found lower in the stations located near 
the coasts of the Gelibolu Peninsula (Cennet Bay, Hamza Bay, 
and Ilgardere stations). It is thought that the stations on these 
coasts are less affected by human activities since the Gelibolu 
Peninsula is under protection by legislative regulations. Spatial 
distribution, abundance and mortality of P. nobilis are affected 
by several factors such as environmental stress including 
variations of temperature, salinity, depth, wave height (García-
March et al., 2007; Kurihara et al., 2018; Maoxiao et al., 2019) 
and human impacts (Deudero et al., 2015; Öndes et al., 2020b). 
Moreover, Deudero et al. (2015) claimed that anthropogenic 
impacts much more affected the coastal benthic communities 
than global environmental changes. 

Acarli et al. (2018) indicated that the spawning period of P. 
nobilis was ranged from May to September (primarily in July) 
in İzmir Bay, Turkey. The settlement of P. nobilis was 
determined in August in the same region (Acarli et al., 2011b). 
Some authors reported that P. nobilis has reached 150 mm in 
length after one-year growth experiments (Kožul et al., 2011; 
Acarli et al., 2011a; Demirci and Acarli, 2019). In this study, 
individuals have generally been assumed to be over 1 year old 
in lights of the previously conducted researches and 
investigations on the reproduction and growth of the species, 
length measurements, and the prominence of the serrated 
protrusions on it. . During the underwater observations, 
healthy and uninfected juvenile individuals were determined. 
Newly attached individuals of the P nobilis species are resistant 
to manipulation and accordingly their survival rate is quite high 

(Acarli et al 2011b). Šarić et al. (2020) indicated that mortality 
in juveniles was lower, better reaction to H. pinnae in Sakarun 
(Dugi Otok) station. Haplosporidans parasitize infect marine 
and freshwater invertebrates such as mollusc and crustacean 
(Stentiford et al., 2013; Arzul and Carnegie, 2015). Bonamia 
ostreae and H. pinnae belong to the Haplosporiidae family 
(Catanese et al., 2018). B. ostreae has distributed in many 
countries where oyster stocks are depleted (Culloty and 
Mulcahy, 2007). It was first detected in 1979 in Brittany-France 
and later distributed in Spain, Denmark and England. Deaths 
(up to 90%) have been detected in uninfected populations. 
Factors such as high stocking density, handling, lack of 
nutrients, high temperature, and salinity have caused the spread 
of bonamiosis (Crawford, 2016). Mortality increases 
particularly at high water temperature (Engelsma et al., 2010). 
Arzul et al. (2009) declared that the mortality is more effective 
at higher temperature (25°C) compared to the lower 
temperature values (4°C and 15°C). Engelsma et al. (2010) 
indicated that a positive relationship was found between 
prevalence of B. ostreae and salinity. The authors indicated that 
higher salinity is more suitable for B. ostreae. Cáceres-Martínez 
et al. (1995) pointed out that a significant positive correlation 
between the mean total length and the presence of B. ostreae 
could be detected in an oyster at all sizes but the mortality rate 
is lower in individuals smaller than 2 cm shell length. Thus, 
infection increased as the size increased. Disease susceptibility 
seems to be age-related. Robert et al. (1991) and Culloty and 
Mulcahy (1996) noted that the age of 2 years comes out to be 
the critical age for the development of the disease. It can be 
concluded that the anamnesis of B. ostreae and H. pinnae shows 
similarities. Since the survival rate is high in juvenile individuals 
and the mortality rate is higher in older individuals, it is thought 
that it may be in the same situation in P. nobilis as in O. edulis. 
Therefore, continuously monitoring of surviving juvenile and 
adult individuals is essential to ensure the sustainability of the 
critically endangered P. nobilis stocks in order to make more 
accurate assessments regarding the distribution and degree of 
impact of the parasite, and to rehabilitate other populations 
which the disease has observed. 

It is very important to identify uninfected populations in 
coastal waters of Turkey to continuously monitor and to protect 
these regions in terms of ensuring the continuity of stocks. In 
previous studies, healthy P. nobilis populations were observed 
in the Erdek-Ocaklar coasts and Marmara Island (in the 
Marmara Sea), which are relatively close to the stations located 
near the Marmara Sea in the Çanakkale Strait (Pers. obser. in 
the Marmara Sea by SA and DA). Similarly, Öndes et al. (2020a) 
reported the existence of healthy individuals on the Erdek 
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coasts. Juveniles can be collected with the help of collectors 
from uninfected areas and transported to new areas. These 
areas are important for rehabilitating and revitalizing damaged 
fan mussel populations. Again, it can be aimed to create 
restocking programs from resistant individuals (resilient 
juveniles and adults) by transplantation and monitoring. The 
information provided on artificial recruitment, experimental 
juvenile growth, and re-implantation in nature, may serve in 
the future to help reinforce or even re-establish populations in 
locations devastated by the recent mass mortality event. 

Conclusion 

In conclusion, mortality has been observed in P. nobilis 
population in the Çanakkale Strait despite the fact that the 
mortality decreased gradually from the Aegean Sea to the 
Marmara Sea. In this context, it is known that the Marmara Sea 
has healthy populations, considering our personal 
observations. The Çanakkale Strait currently acts as a barrier. 
The monitoring of the populations distributed in this area is 
very important in terms of the course of the disease. 
Particularly, it is of great importance to transplantation of 
resilient individuals in the Çanakkale Strait in new areas (the 
natural population of fan mussel has occurred or not) that are 
infected and/or not infected for the rehabilitation of these areas. 
Alternatively, new healthy populations might be established by 
transplanting juvenile individuals from non-infected 
populations from the Marmara Sea to suitable areas in the 
Çanakkale Strait. Marine protected areas should be established 
for protecting and monitoring the healthy populations and/or 
infected (but has lower mortality) populations. Thus, the 
sustainability of the population could be ensured. In addition, 
the natural populations might be improved by aquaculture 
approaches (breeding program, larval culture, spat collecting, 
rearing, etc.) starting from the larval stage.  
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A B S T R A C T  

Seafood stands out as an important protein source for human nutrition. Providing food 
safety, increasing food production and processing, preventing nutrient losses, preserving the 
quality of food, and extending shelf life have gained importance. Thus, the use of food additives 
has been a technological must. Turmeric (Curcuma longa L., Zingiberaceae) is obtained from 
the root of the Curcuma longa plant, a fiber plant from the ginger family. It is a plant with 
polyphenolic effects. Curcumin (diferuloylmethane) is the most active ingredient of turmeric. 
It has an antioxidant effect. Turmeric has been found to have anti-inflammatory, anti-
carcinogenic, and antiatherogenic effects. Turmeric is used in smoked meats, pickles and some 
cakes, seafood, fish soup and other soups, rice, cold cuts, and various vegetable dishes.  Turmeric 
has a very important role in maintaining the nutritional quality of seafood products, extending 
the shelf life with its antioxidant and antimicrobial effect, increasing the attractiveness of 
seafood by adding color and flavor and obtaining healthy products. 
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Introduction 

Today, one of the most important problems of our world, 
which is in a rapid change in social, cultural and economic 
terms, is nutrition with adequate, balanced and healthy foods. 
It is stated that seafood is the only dietary food that contains 
protein, fat, carbohydrates, vitamins and minerals in a balanced 
and proportionate form for healthy nutrition, growth, 
development and survival (Koral, 2006). 

Seafood is one of the most valuable food substances in terms 
of the nutrient components it contains. In addition to the fact 

* Corresponding author 
E-mail address: nilguneri1@hotmail.com (N. Güneri)

that its diabetic characteristics, especially due to its low energy 
value, containing high amount of unsaturated fatty acid, very 
high protein rate and being easy to digest, it contains almost 
most of the amino acids in nature, is rich in minerals and 
vitamins and has high biological value. These factors include 
seafood among the valuable and quality foods and make it an 
important raw material in catering technology. Fish is preferred 
by consumers due to its low fat, cholesterol and calories. Since 
it is abundant and cheap, and also can be replaced with the 
decreasing natural stocks by aquaculture, it has become more 

http://dergipark.org.tr/en/pub/masteb
http://www.masteb.com/
https://doi.org/110.33714/masteb.771756
mailto:nilguneri1@hotmail.com
https://orcid.org/0000-0002-2754-3377
https://doi.org/10.33714/masteb.771756


Güneri (2021) Marine Science and Technology Bulletin 10(1): 71-84 

72 

and more important in the world day by day (İnal, 1988; 
Gülyavuz and Ünlüsayın, 1999).  

Seafood is an important source of protein for human 
nutrition. They contain about 11-25% protein. The total muscle 
protein has consisted of 30% sarcoplasmic protein, 60-40% 
myofibrillar protein and 10% stroma (connective tissue) 
protein (Çaklı, 2007).  

It is stated that seafood meat contains less common essential 
amino acids in other foods such as valine, leucine, isoleucine, 
lysine, threonine, methionine, phenylalanine, tryptophan, 
arginine, histidine in the most convenient amounts in addition 
to amino acids commonly found in other foods such as aspartic 
acid, serine, proline, alanine, taurine, glycine, tyrosine 
(Gülyavuz and Ünlüsayın, 1999).  

Apart from protein, fish meat also contains non-protein 
nitrogenous substances. These substances are responsible for 
both flavor and spoilage. Fish meat is a food rich in fat-soluble 
vitamins (A, D, E, K), especially vitamins A and D (Göğüş and 
Kolsarıcı 1992; Gülyavuz and Ünlüsayın, 1999). 

Fish meat is easy to digest and is excellent food in terms of 
the high protein (rich in lysine and isoleucine) and fat (due to 
ω3 and ω6 unsaturated fatty acids, EPA and DHA in fish oils, 
especially in oily fish such as salmon, mackerel, tuna, pike, 
garfish, trout, anchovy) (Altun et al., 2004). 

Fish and seafood are shown as healthy food by health 
institutions in many parts of the world. It is stated that 
especially omega-3 and omega-6 fatty acids protect against 
some important diseases such as coronary heart diseases and 
cancer (Atar and Alçiçek, 2009). 

The food industry, with its changing consumption habits, is 
turning onto methods to produce healthier and safer foods 
(Barazi and Erkmen, 2010).  

Compared to other meat products, seafood can spoil faster 
due to its high water content and weak connective tissue. Many 
seafood processing techniques have been applied to slow this 
deterioration. These processing technologies are increasingly 
diversified through advancing knowledge and experience. 
However, while this increase is being realized, traditional 
methods are not abandoned completely, but are evaluated and 
developed (Varlık et al., 2004; Alçiçek and Bekcan, 2009).  

In addition to the fresh consumption of seafood today, it has 
an important place in the processing sector due to being 
processed with various processing technologies. Technologies 
such as drying, salting, smoking, cold preservation, freezing 
and marinating are some of the processing methods used for 
preserving seafood. It is known that the demand for processed 
products has increased due to reasons such as developing 
technology, rapidly increasing human population and the 
increasing number of working women. Moreover, Turkish 

people are more selective in terms of healthy nutrition. They 
show a tendency to both processed and healthy products. While 
extending shelf life is an important criterion, it is equally 
important to preserve the nutritional content of the product, to 
add flavor to the product and also to obtain a healthy product.  

General Information 

Since the existence of mankind, food preservation has been 
necessary for the continuity of life. Due to the changing eating 
habits over time and the increase in the number of employees, 
the development of ready-to-eat foods has become mandatory. 
Along with the developments in food processing methods and 
the acquisition of new products, it is aimed to extend the shelf 
life of the products obtained and to maintain their quality. In 
this way, seafood that is hunted abundantly in certain periods 
can be offered to human consumption when they are less 
(Gram et al., 2002). 

Due to many requirements such as increasing need for long-
term preservation of seafood without spoiling in accordance 
with hygiene and sanitation rules, processing product when it 
is abundant and consuming in other seasons, processing it with 
suitable methods and making use of the wastes in terms of 
economy, making it ready to use the product and providing 
convenience for consumer and diversity for products, it has 
become important to utilize seafood by processing in recent 
years (Anonymous, 2001). 

Today, increase in consumption and processing of food 
based on the relationship between the development of the 
industry and consumption and production of food has made 
the use of food additives a technological must. Increase in the 
number of people working outside the home, changing eating 
habits, having less time for preparing food or the desire to 
spend little time for preparing have encouraged the production 
of semi-ready or commercially completely ready food and this 
situation has made the use of food additives inevitable (Toprak 
et al., 2002; Angiş and Oğuzhan, 2008). 

Providing food safety and security is one of the most 
important issues of today. In providing food security, 
increasing food production and preventing nutrient losses, 
preserving their quality during the period between when the 
food is abundant and less and extending their shelf life have 
gained importance. The use of food additives has become 
inevitable in this case, too (Yurttagül and Ayaz, 2008). 

One of the Food Additives: Colorants 

The definition of food additive included in the Turkish 
Food Codex regulation published in the Official Gazette dated 
16 November 1997 is as follows: They are substances which 
cannot be consumed as food alone or used as a food raw 
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material and either has nutritional value alone or not; their 
residue or derivatives can be found in the product during the 
process or manufacturing used by the technology chosen; they 
are allowed to be used to preserve the taste, smell, look, 
structure and other qualifications of the food during the period 
of production, classification, processing, preparation of the 
food or to prevent the unwanted changes in the given 
qualifications and stages (TGKY, 2010). 

When historical developments regarding the use of 
chemicals in foods are examined, it is understood that salt and 
wood smoke is the oldest known additive use methods. It is seen 
that the use of food dyes dates back to the Egyptians in 3500 BC, 
around 3000 BC salt was used to store meat and seafood, and 
around 900 BC both salt and wood smoke were used as food 
storage methods. In addition to salt and wood smoke in the 
middle ages, nitrate is added to the meats to prevent botulism 
and it has been noticed it changes the color of the meat in a 
positive way and makes it look healthier. 50 BC spices have been 
used as flavors and in parallel with the rapid urbanization in 
Istanbul during the 19th century, the use of additives has 
become widespread, especially to protect food against spoilage. 
Today, these substances have formed an indispensable part of 
developing food technology (Altuğ, 2009).  

Ensuring nutritional quality, achieving a reduction in 
residual rate, and helping processing by performing quality and 
endurance are the characteristics sought in food additives used 
in foods. A food additive should not hide processing and 
production errors, deceive the consumer, and reduce the 
nutritional value of a food. The categories of food additives 
according to their intended use are indicated on the packages 
of convenience foods with their special names and “E 
(European)” numbers according to the category. To indicate 
that a food additive is allowed to be used in the European Union 
(EU) countries, it is assigned the number “E”. “E” numbers are 
introduced by European Union countries as a practical coding 
method for food additives. “E” at the beginning of the number 
symbolizes the EU (European Union). “E” numbers and special 
names allow food to be easily recognized during export and 
import. In the classification of food additives according to the 
basic functions with the “E” number system, Colorants are 
numbered with E 100180 (Sağlam, 2000). 

Codex Alimantarius Comission (CAC) has been founded 
with the cooperation of World Health Organization (WHO) 
and Food and Agriculture Organization (FAO). Every year in 
the meetings they hold about food additives, after the approval 
by international organizations such as Joint Expert Committee 
on Food Additives, Scientific Committee on Food of European 
Commission and Food and Drug Administration of USA, Joint 
Expert Committee on Food Additives decides which foods can 

be added to which food and to what extent. They prepare 
suggestive standards for all countries (Çalışır et al., 2003; 
Yurttagül and Ayaz, 2008). 

Colorants and sweeteners are defined by the Turkish Food 
Codex in the “Declaration of Communicators Used in Foods 
(2002)”. According to this declaration, colorants are defined as 
substances that are not consumed as food alone or used as the 
main ingredient in foods and are added to the food as color 
enhancers or color regulators (Anonymous, 2002). 

Colorants, dyes and pigments are used to gain consumer 
admiration, strengthen natural color, to regain color lost during 
processing of food or to color a product that is colorless. Some 
of the colorants have been found to be toxic and carcinogenic 
and their use is prohibited. Health problems associated with 
coloring agents that are allowed for use are hypersensitivity 
reactions (Yurttagül and Ayaz, 2008).  

Use of plants by mankind as paint dates back centuries. 
Therefore, dye plants have become the main dyestuff of 
industrial products such as textiles, food, leather, etc. Our 
country is one of the richest countries in Europe and the Middle 
East in terms of vegetation with its nearly 10,000 plant species. 
Parallel to this rich flora, the number of plants used in natural 
dyeing is quite high. There are nearly 150 plant species used in 
natural dye production in our country. Some of these plants are 
turmeric, elecampane, licorice, common juniper, and sage 
(Mert et al., 1992).  

Food dyes, which constitute an important group in food 
additives, are used in the industry for various purposes such as 
preserving, increasing, or modifying the existing and typical 
color available, controlling color change and deterioration, 
standardizing the appearance, adding decorative features or 
creating new products. Food dyes should not be used to raise 
low quality and mislead the consumer and should not be 
harmful to health. Use for these and similar purposes have been 
brought under control through legal regulations (Newsome, 
1990; Karaali and Özçelik, 1993; Yentür et al., 1996).  

Food dyes are additives used in confectionery, food eaten 
between meals, soft drinks, pastries, and many foods such as 
gelatin desserts (Furia, 1980; Yentür et al., 1996).  

Color is one of the first characteristics of food that attract 
people. A conventional color is desired in foods to be 
consumed. There is more or less loss of color when processing 
raw materials. Colorants are substances added in food 
production to correct changes in a color loss that occur during 
processing or at the end of the process, that is, to correct the 
color of food or to color food. Color substances are also 
important for creating a standard color in the product 
technologically (Anonymous, 2002; Batu and Molla, 2008).  
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Color is the first sensory parameter about food quality and 
taste. In this sense, synthetic dyes constitute an important class 
of food additives. It has been known for years that the use of 
dyes as food additives makes food ingredients more 
aesthetically and psychologically attractive. Besides, dyes are 
widely used to provide the desired color in foodstuffs that lose 
their natural color during production and storage (Altınöz and 
Toptan, 2003; Tripathi et al., 2007; Yentür et al., 2009). 

The colorants are used to regain the natural color lost 
during processing and storage, to strengthen the weak color, to 
color the actually colorless food, and to gain consumer 
appreciation by hiding low quality (Topsoy et al., 1991). 

As the additives are chemicals, their excess is harmful to 
health. Adding these colorants more than the allowed amounts 
may increase health risks (Batu and Molla, 2008). 

According to the way they are obtained, the colorants are 
divided into two as natural and artificial colorants. Natural 
colorants are obtained from microbial, vegetable, animal, and 
mineral sources. The color stability of natural colorants is very 
low against physical and chemical effects. The majority of 
natural colorants are low in water solubility. Anatto, 
anthocyanin, canthaxanthin, plain caramel, carotenes and 
chlorophylls are examples of natural colorants. The substances 
that are not found in nature due to their chemical structure and 
obtained by chemical synthesis are artificial colorants. Artificial 
colorants are more preferred in the food industry in terms of 
their physicochemical properties. Artificial colorants are easily 
soluble in water and oil (Altuğ, 2009).  

In recent years, synthetic and natural colorants are used in 
some foods to eliminate the discoloration applied to food 
processing techniques and related color disorders. Moreover, 
color materials are used to provide homogeneous color 
distribution in the product, to make its appearance attractive 
and to color the food with new formulations (Saldamlı and 
Uygun, 2004). 

Turmeric (Curcuma longa L.), One of the Spices Used 

in Foods 

People have used spices and aromatic herbs not only to add 
flavor and smell to food, but also to mask the impaired taste and 
smell of spoiled meat, to obtain body odors, to treat wounds, to 
have a clear mind. In addition to using spices for color 
(turmeric, saffron, paprika, red pepper), fragrance (clove, 
cinnamon, cumin, black pepper, rosemary, sage), they are also 
used in some cases to extend the shelf life of foods with their 
antioxidant and antimicrobial effects (Wilson, 1993). 

International Organization for Standardization (ISO) 
defines spices and condiments as natural herbal products or 

mixtures used to add color and fragrance to foods (Abbas and 
Halkman, 2003).  

It is known that most of the spices used in foods are 
contaminated with varying degrees of bacteria, yeast and mold. 
Since the plants from which spices are obtained are in contact 
with the soil and water, which are the source of many bacteria 
and fungi, they are naturally contaminated with these 
microorganisms (İnal, 1969). 

Another reason for contamination is that many spices are 
grown and harvested in regions where hygiene conditions are 
not sufficient. Spices are usually laid and let to in areas such as 
fields and stream beds that are exposed to high levels of 
contamination and dried. Additionally, growing spices in hot 
and humid areas also increase the risk of mold and bacteria 
contamination (Tainter, 1992). 

If contamination in the contaminated spice is not 
eliminated, the deterioration caused by the lack of sanitation in 
processed foods causes food poisoning and foodborne diseases 
(Hayashi et al., 1994).  

Spices are usually cooked with food, but microorganisms in 
the form of spores remain alive during the cooking process, 
causing a proliferation in products stored in improper 
conditions during storage and distribution. The microflora in 
the spice shortens the shelf life of the products, moreover, it 
causes spoilage and foodborne diseases. These bacteria 
generally cause spoilage in products such as pickles, salami, 
sausage and canned food (Abbas and Halkman, 2003). 

The place of turmeric (Curcuma longa L.) in the systematic 
is shown in Table 1 (Aggarwal et al., 2005). 
Table 1. The place of Turmeric (Curcuma longa L.) in the 
systematic 

Systematic Classification Nomenclature 
Kingdom Plantae 
Division Magnoliophyta 
Class Liliopsida 
Order Zingiberales 
Family Zingiberaccae 
Genus Curcuma 
Species Curcuma longa L. 

Turmeric (Curcuma longa L., Zingiberaceae) is obtained 
from the root of the Curcuma longa plant, a fiber plant from the 
ginger family. It is a plant with polyphenolic properties. 
Curcumin (diferuloyl methane; 1,7-bis- (4-hydroxy-3-
methoxyphenyl) -1,6-heptadiene-3,5-dione) is generally 
known in the literature as turmeric (Curcuma longa) (Aggarwal 
et al., 2005).  

The Latin name of turmeric is Curcuma longa, in English, 
Indian Saffron (turmeric) and in Persian “zerd-çubi”. Other 
names are saffron root, yellow dye, curcuama domestica and 
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Indian saffron. Turmeric is a fragrant, perennial herbaceous 
plant with fleshy rhizomes, large and pointed leaves, yellow 
flowers (Mert et al., 1992). The plant can grow up to 1-2 meters 
in height. It has long dotted leaves and funnel-shaped flowers. 
The main rhizomes of the plant under the ground (finger-
shaped roots) are egg-or pear-shaped. Its side rhizomes are 
finger-shaped. The upper side of the rhizomes is yellowish and 
the inner side is yellow. It has a bitter taste. Turmeric is often 
used as a coloring agent in foods. It also contains 
tetrahydrokurcumin, an odorless and heat-resistant 
antioxidant compound. It has a mild aroma and a sharp taste 
similar to ginger (Craig, 1999).  

It is available on the market in the form of fingers (rhizome) 
and powder. The rhizomes (root tubers) of the plant are used. 
The active ingredients of these rhizomes are: Curcumin, 
eugenol, cinnamic acid, limonene, linalool, turmerone, vanillic 
acid, calcium, iron, manganese, potassium, phosphorus, zinc, 
vitamins B, B2, B3 and C. Curcumin (diferuloylmethane) is the 
most active ingredient of turmeric (Aggarwal et al., 2003). 

It contains essential oil, resin, and curcumin. But its active 
ingredient is curcumin (contains 36%) and its color is bright 
yellow. Curcumin is isolated from turmeric, which has been 
used as a spice that gives yellow color in dishes for a long time, 
and is produced from the yellow powder of Curcuma longa 
which is a tropical plant. It is a polyphenolic herbal compound 
consisting mainly of small molecules. It has an antioxidant 
effect and no toxic effects (Ammon et al., 1991).  

The part of the turmeric used is its powdered root (Figure 
1). Turmeric powder contains curcumin in the ratio of 
approximately 1:30 to 1:100. The use of 1 dessert spoon of 
turmeric, with its top wiped, (an average of 3 grams) contains 
an average of 30-90 mg of curcumin. Turmeric has been found 
to have anti-inflammatory, anti-carcinogenic and 
antiatherogenic effects at 200 mg/day doses (about 2-4 dessert 
spoon of powder with its top wiped) (Ammon and Wahl, 1991; 
Aggarwal et al., 2003).  

Figure 1. Plant and powder form of turmeric (Curcuma longa) 

It is known that turmeric has been used worldwide for 4000 
years. Its miraculous features have not been reflected in past 
literature, including Ottoman records. While tea, tincture and 
extract of almost all plants in nature can be made, this process 

has not been possible in turmeric. After a European scientist 
discovered curcumin, the active ingredient of turmeric in the 
early 1900s, it has been noticed in the last 20 years as a result of 
technological researches even though it was late and intensive 
clinical researches have been started (Aggarwal, 2013). 

Although turmeric, which is one of the basic elements of 
curry powder, is used as a spice in the west, it has been used as 
a natural remedy in Asia for a long time. Turmeric has also been 
used to treat stomach and liver problems in Asia. Turmeric, 
which entered Turkish cuisine in the 16th century, was used as 
a natural dye to give yellow color to the saffron rice dessert 
called zerde, a name similar to turmeric in Turkish. Even 
though the first purpose in history was dyestuff for fabrics and 
yarns, its use for health purposes has largely surpassed its use 
for spice today (Karaman and Köseler, 2017). 

It is also called “Indian saffron” since dyed substance 
resembling saffron is obtained from the stems of this plant. 
Turmeric is generally used in making zerde instead of saffron 
due to its high price. Dried turmeric is used as a spice and in 
making curry, it gives the curry yellow color. With its bright 
yellow color, turmeric has been used as paint, medicine and 
spice since the 600s BC. Marko Polo has described turmeric as 
“a vegetable that replaces saffron, but is not saffron”. Its 
homeland is South Asia. It grows in the tropical regions of Asia, 
primarily Pakistan, India, China, Bangladesh and Indonesia. 
Indonesians used to use this spice to paint parts of their bodies 
during wedding ceremonies. It is cultured in tropical countries. 
Turmeric is also grown in Turkey. Although it is mostly used as 
a spice in the West, it has been used as a natural medicine for a 
long time in Asia. Turmeric, which we know as a household 
remedy and spice, actually plays an important role in the 
prevention and even treatment of many diseases. Its healing 
properties have been proven in the Indian and Chinese medical 
systems. It is widely used in the treatment of many diseases 
(Ammon and Wahl, 1991). 

Turmeric is applied locally in skin diseases, insect bites and 
chickenpox in India (Nadkarni, 1976). It has been used as a 
supplement to alternative medicine in wound healing for many 
years (Sidhu et al., 2002). Apart from the purpose of coloring in 
food and clothing products, it was recommended because it 
shows bactericidal activity against Escherichia coli and 
Staphylococcus aureus, and this activity has been proven 
microbiologically (Shinyoung, 2005). It is still used in India as 
an antimicrobial agent (Negi et al., 1999). 

The benefits of turmeric can be listed as follows: 
It has an antioxidant effect. The antioxidant effect of 

curcumin is stronger than vitamins E and C. It has anti-
inflammatory properties. Turmeric is beneficial for the liver. It 
strengthens the liver and helps remove toxins from the liver. It 
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is used in the treatment of respiratory infections. Curcumin 
protects against cancer and has an anti-proliferative feature. 
Studies have shown that it can be beneficial for skin, colon, 
esophagus and breast cancer. Another of the benefits of 
turmeric is its effect against the functional diseases of the 
gallbladder and biliary tract. Experimental studies have shown 
that turmeric has a cholesterol-lowering effect. In the study, it 
was also seen that it can prevent heart diseases. Using turmeric 
facilitates digestion and helps flatulence. It has been seen in a 
study that it can significantly reduce the harm caused by 
smoking. It has been used in the treatment of conditions such 
as calcification and dementia. It is externally useful for skin 
conditions (Aggarwal, 2013). 

Turmeric is used in smoked foods, pickles, and some cakes. 
It is used in some dishes, the mixture of curry, mustard, sauces 
for chicken meat, in some desserts, especially zerde, a dessert 
served at weddings in Anatolia, and gives it its yellow color. It 
is also used in seafood, fish soup, egg dishes, soups, rice, cold 
cuts, and various vegetable dishes. It is used especially in Indian 
and South Asian cuisine. On the other hand, turmeric is used 
for dyeing silk fabrics and thin leathers and as a colorant in 
henna. Moreover, turmeric paper was used instead of litmus 
paper in the past. The parts of turmeric used are their fruits. To 
use it as a spice, the turmeric plant must be boiled in water after 
being cleaned, or dried after steaming, and the dark yellow root 
stems must be ground. After powderize the dried fruits, it can 
be used as a spice or turmeric tea, which can be prepared by 
boiling in water. It should be stored in cool, dry, and dark places 
(Özer, 2010). 

The Effects of Turmeric on Health 

Turmeric has been shown to have strong antioxidant and 
anti-inflammatory effects. However, the use of doses of 
turmeric to provide the same therapeutic effect for this effect 
should be accurate daily, it is not advisable to use a high dose in 
once. Turmeric is generally a reliable food material as long as 
there is not much consumption in healthy individuals and there 
are no side effects (Karaman and Köseler, 2017). 

Even if all the nutrients and substances in nature are 
beneficial for human health, they can turn into a harmful 
substance when consumed too much. There is an amount that 
each substance affects and this amount should not be exceeded. 
Studies have shown that the tolerability and safety of 
polyphenol is not toxic even at doses up to 8 grams per day, but 
a clear dose and active ingredient to illuminate this subject have 
not been determined. Nutritional Content of Turmeric is 
shown in Table 2. (Karaman and Köseler, 2017). 

Oxygen Radical Absorption Capacity (ORAC) value, which 
shows the antioxidant capacity of foods, is 44.776 in turmeric. 

With this value, turmeric ranks first in the list of spices with the 
highest antioxidant capacity. ORAC is a scale that is called free 
radicals in our body that indicates the absorption of substances 
that cause many diseases, especially cancer, that is, it is used for 
nutrients that indicates the absorption value. A high ORAC 
value indicates that food is more antioxidant, protects against 
cancer and delays aging. ORAC is a scale that indicates the 
absorption value of the substances called free radicals in our 
body that cause many diseases, especially cancer, and is used for 
foods. A high ORAC value indicates that food is more 
antioxidant, protects against cancer and delays aging (Karaman 
and Köseler, 2017). 

Turmeric can be used in the form of capsules, liquid essence 
and tincture, containing powder for adults. The cut root of 
turmeric can be used 1.5-3 g daily, dried powdered turmeric 
root 1-3 g daily can be used. Also, a standard powder 
(curcumin), 400-600 mg, can be taken 3 times a day. Liquid 
extract (1:1) is recommended to consume 30 to 90 drops per 
day, 1 dose in the morning and 1 dose in the evening (1 part is 
5ml). Fresh turmeric can be stored for several weeks in a cool 
dry place. When olive oil is consumed together with black 
pepper and chili pepper, its absorption is much higher. It can 
be preferred in Indian dishes as a sauce, stews, Turkish dishes, 
and in all cuisines such as noodles and pasta. It can be used 
especially in salads, rice and meat dishes to increase the flavor 
of the food and the consistency of the sauce, to give the food a 
yellow color. It can be added to the dishes by mixing with 
honey. It is also added to fish soup, cold cuts and various 
vegetable dishes as a seasoning. It is used in the famous “paella” 
dish of the Spanish, and in the “curry” sauce of the Indians. 
Turmeric can also be used as tea. Its use as tea is popular in 
Asian countries, especially in Japan (Aggarwal, 2013).  

Curcuma, the active ingredient of turmeric, prevents cancer 
and Alzheimer’s, protects from heavy metals, heals the liver, 
and is also a powerful antioxidant. But for this effect of 
turmeric, the doses that will provide the same therapeutic effect 
in daily times should be correct. Curcuma is great when it is 
pure and in small quantities, but its taste is bitter and less 
enjoyable when taken in larger doses. It is not recommended to 
use high doses at once (Änderung, 2017).  

Curcumin is absorbed very little in the human body when 
taken alone and is rapidly excreted from the intestines. For this 
reason, many studies have been conducted on the substances 
that will increase the bioavailability of curcumin, and it has 
been suggested that the piperine contained in black pepper can 
increase the absorption of curcumin by 2000% (20 times). Due 
to the rapid metabolism of turmeric in the liver and intestinal 
walls, its bioavailability is tried to be improved through 
piperine, which increases the absorption of all nutrients. Very  
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Table 2. Nutritional content of turmeric 

Nutritional Ingredient Spice Powder (100gr) Vitamins Content Minerals Content 

Water 12.85gr Vitamin C, total ascorbic acid 0.70 mg Calcium, Ca 168 mg 
Energy 312.00 kcal B1, thiamine 0.058 mg Iron, Fe 55.00 mg 
Protein 9.68 gr B2, riboflavin 0.150 mg Magnesium, Mg 208 mg 
Total fat 3.25 gr B3, niacin 1.360 mg Phosphor, P 299 mg 
Carbohydrate 67.14 gr B6, pyridoxine 0.107 mg Potassium, K 2080 mg 
Total fiber 3.25 gr B9, folic acid 0.00 Sodium, Na 27 mg 
Total sugar 3.21 gr Folate (total) 20 qg Zinc, Zn 4.5 mg 
Sucrose 2.38 gr B12 0.00 Copper, Cu 1.300 mg 
Dextrose 0.38 gr Vitamin D 0.00 Manganese, Mn 19.800 mg 
Fructose 0.45 gr Vitamin A, IU 0.00 Selenium, Se 6.2ug 
FATS Vitamin E, (α tocopherol) 4.43 mg 
Total fatty acid saturated 1.838 gr Vitamin K 13.40 qg 
Total fatty acid monounsaturated 0.449 gr Others 
Total fatty acid polyunsaturated 0.756 gr Caffeine 0.00 
Total fatty acid trans fatty 0.58 gr 
Cholesterol 0.00 

little of curcumin is absorbed if such an improvement is not 
used, and even doses up to 4,000 mg can be completely inactive. 
Scientific researches show that the active ingredient of 
turmeric, curcumin, is a difficult substance to absorb, and 
accordingly, it has poor bioavailability as well. Scientific 
researches also show that piper, the active ingredient of black 
pepper, increases the absorption of substances that are difficult 
to absorb. Taking these two substances together with an oil rich 
in unsaturated fatty acids further strengthens this benefit 
(Rajinder et al., 2002).  

With the widespread use of natural additives in the food 
industry, the interest in natural antioxidants in plants around 
the world is increasing day by day. Our country has an 
important potential in terms of production and export of some 
herbs and spices. With the widespread use of natural additives 
in the food industry, the interest in natural antioxidants in 
plants around the world is increasing day by day. Our country 
has an important potential in terms of production and export 
of some herbs and spices. Knowing the antioxidant and 
antimicrobial properties of these herbs and spices will make an 
important contribution in extending the shelf life of food 
products (Çoban and Patır, 2010).  

Lipid oxidation is an important problem that limits the shelf 
life of foods and causes quality loss. Synthetic antioxidants have 
been used for many years to control lipid oxidation. However, 
many studies have found that the use of these substances has 
negative effects on human health. Hence, consumer preferences 
have shifted to natural products, and the use of herbs and spices 
as antioxidants has come to the fore. Foods rich in 
polyunsaturated fatty acids are exposed to oxidative 

deterioration. Oxidative deterioration is one of the important 
factors that limit the shelf life of food products and cause quality 
loss. In industrial processes, synthetic antioxidants are mainly 
used to prolong the preservation of nutrients. However, many 
researchers point out that some synthetic antioxidants used in 
food processing for a long time have carcinogenic and 
teratogenic effects in the living organism. Consumers generally 
prefer natural antioxidants over synthetic ones. Thus, spices 
and natural aromatic herbs that are used as additives to increase 
the properties of nutrients such as smell and taste have become 
increasingly important. The antioxidant effect of phenolic 
compounds found in the structures of these plants derives from 
their properties such as cleaning free radicals, compounding 
with metal ions and preventing the formation of single oxygen. 
Some of these herbs and spices have been proven to have more 
antioxidant capacities than synthetic antioxidants. Because of 
the flavors and aromas peculiar to them and antimicrobial and 
antioxidant properties, herbs and spices that have a wider 
bioactivity profile are natural antioxidant substances that can 
be used as an alternative in the food industry. Prevention of 
lipid oxidation in foods with such natural substances is very 
important for the producer and consumer. In this context, 
turmeric has a very important place among natural 
antioxidants with its strong antioxidant effect (Altun et al., 
2004). 

Turmeric is used for dyeing silk fabrics and thin leathers 
and as a colorant in henna. Besides, turmeric paper used to be 
used instead of litmus paper in the past. It is added as a 
seasoning to fish soup, rice, sauces, chicken bouillon, pickled 
cheese, cold cuts and various vegetable dishes. It is used in the 
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famous “paella” dish of the Spanish, and the “curry” sauce of 
the Indians. It is reported that turmeric, which has great 
importance in Indian medicine, is used in the treatment of cold, 
cough, liver disorders, rheumatism, sinusitis, and anorexia. It is 
also used in Ayurveda for blood purifiers, tonic, and skin 
diseases (Çoban and Patır, 2010). 

Turmeric, which is generally used as a coloring agent in 
foods, contains tetrahydro-curcumin as an active ingredient, 
which is an odorless, heat-resistant, antioxidant compound. 
The molecular formula of curcumin, which melts at 184 
degrees, is C2H2O6 and makes up 3-5% of turmeric. It is soluble 
in acetone and ethanol, but insoluble in water. The chemical 
structure of the curcuminoids is shown in Figure 2. (Çoban and 
Patır, 2010).  

Figure 2. The chemical structure of the curcuminoids 
(Jayaprakasha et al., 2005) 

Studies on Turmeric 

In study, hot smoked needlefish (Belone belone euxini, 
Günther 1866) marinated in brine which was added turmeric 
(Curcuma longa L.) and sunset yellow FCF, storage in the 
refrigerator conditions. The determination of these product 
shelf lives was aimed at using freshness control methods like 
chemical, microbiological and sensorial. The amount of Total 
volatile basic nitrogen (TVB-N) and Thiobarbituric Acid 
(TBA), the number of Total mesophilic aerobic bacteria, Total 
psychrophilic bacteria, Total yeasts and molds increased during 
the cold storage. Effects of turmeric and sunset yellow FCF uses 
on the sensory freshness control methods like appearance, 
smell, taste, texture, and saltiness scores were significantly 
(p<0.05). According to the sensory freshness control methods, 
the shelf life of hot smoked Needlefish kept in the refrigerator 
has been determined as 17 days. It has been observed that the 
use of turmeric instead of Sunset yellow FCF can provide 
positive changes in the appearance, taste, and texture of the 
product that may appeal to the consumer. It has also been found 
to have a positive effect on the increase in the consumption of 
smoked garfish. Thus, the use of turmeric, which is a natural 
colorant where more positive results are obtained, instead of 

artificial colorants that may be harmful to human health, has 
been suggested in terms of both making the color that is 
impulsive to the consumer in the product attractive and 
increasing the consumption of the smoked product (Özer, 
2010). 

In a study conducted in Scotland, the content of mold and 
yeast in the ground spice mixture was analyzed and no mold 
was found only in cloves. It has been found that the least mold 
in the spice examined was turmeric with 50 cfu/g and the 
highest was black pepper with 6.4x105 cfu/g (Flannigan and 
Hui, 1976). 

In another study conducted in India, it has been observed 
that the dominant microflora in turmeric, red pepper, and 
ginger samples consist especially of Bacillus species such as B. 
cereus, B. subtilis, B. polymyxa and B. coagulans (Seenappa and 
Kempton, 1981). 

Researchers have done microbiological analyzes in 
commonly used spices such as packaged and unpackaged 
turmeric, red pepper, black pepper and coriander. While the 
total number of bacteria in the packaged samples is 1.3×105 

cfu/g on average, they have not detected a significant change in 
the total number of bacteria in the packaged and unpackaged 
samples. In the vast majority of the samples analyzed, they have 
found coliforms in numbers ranging from 0>1100/g. 
Aspergillus niger and Aspergillus flavus were identified as the 
dominant molds isolated from both groups of samples and no 
yeast has been found in any sample (Shamshad et al., 1985). 

Researchers have investigated the development of 
Aspergillus parasiticus in black pepper, turmeric, red pepper, 
dried ginger and cardamom, which are autoclaved whole, 
ground, surface sterilized, and forming aflatoxin. They have 
found that black pepper and turmeric is an insufficient 
substrate for fungal growth and aflatoxin production 
(Madhyastha and Bhat, 1985). 

In another study, the researchers have investigated the 
distribution of microorganisms in 15 samples of selected spices. 
They have reported that the total number of bacteria in 
turmeric, black pepper, white pepper, rosemary and basil is 
between 3×103

- 5×107 cfu/g. They have also stated that coliforms 
are determined between 2×102

- 2×106 cfu/g in 8 samples and 
Bacillus pumilus and Bacillus subtilis are the aerobic spore-
forming bacteria (Muhamad et al., 1986). 

Turmeric, red pepper, “Garammasala”, ground black 
pepper, “Tandori masala”, coriander, ginger, mustard, garlic, 
paprika and curry have been checked for the presence of 
bacteria that cause food poisoning. The results have shown that 
the total bacterial load in all spices, except garlic and mustard, 
is more than 5×106 cfu/g at 37°C. The dominant microflora 
Bacillus spp. consists of B. subtilis and B. lichenif ormis. 
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Escherichia coli, Salmonella spp., Clostridium perfringens, 
Bacillus cereus and Staphylococcus aureus could not be isolated 
(Chattopadhyay et al., 1986; Abbas and Halkman, 2003). 

It has been observed that the ground and prepackaged 
turmeric, black pepper, red pepper and coriander spices are 
heavily contaminated with bacteria and molds, and the total 
number of bacteria is 105-107 cfu/g, the total number of molds 
is 102

-10 6 cfu/g (Munasiri et al.,1987). 
Irradiated (10 kGy) and non-irradiated, pre-packaged 

whole and ground black pepper, red pepper and turmeric have 
been analyzed in 6 different laboratories in India to determine 
their microbiological quality. In 3 of 6 laboratories, it has been 
stated that no colony development detected while in the other 
3 laboratories at a level of 0-90 cfu/g counting has been noted 
in irradiated samples.  All of the laboratories have specified that 
no E. coli and B. cereus found in irradiated spice (Sharma et al., 
1989). 

In the study, in which the effect of irradiation at 0.5 and 10 
kGy dose on the color value of dry turmeric and 3 red pepper 
samples are investigated, it has been observed that gamma 
radiation does not cause any change in the color values of 
turmeric and red pepper when stored for up to 1 year in room 
conditions (Chatterjee et al., 1998). 

The researchers state that about curcumin, which is the 
main component of turmeric, has therapeutic properties in 
many chronic diseases in which inflammation plays a major 
role, as well as its preventive and curative effects in various 
types of cancer. In addition to neurodegenerative diseases such 
as multiple sclerosis, Alzheimer's disease, Parkinson's diseases, 
they have stated that curcumin has a protective effect in Crohn's 
Disease, Helicobacter pylori infection, after kidney 
transplantation from a cadaver, gallbladder function and 
cognitive disorders such as cognitive performance, learning and 
verbal memory. It is noted that curcumin has a wide range of 
anti-inflammatory and anticancer properties, and extensive 
controlled studies are needed to better understand the health 
effects of curcumin. They have reported that turmeric has 
become a promising natural remedy in diseases with its 
reliability, low cost and proven efficacy (Delikanlı Akbay and 
Pekcan, 2016). 

In the study, the combined effect of turmeric powder and 
salt (dry) along with sun-drying process on physico-chemical 
(physical characteristics, proximate and chemical analysis), 
mineral and bacteriological quality of three freshwater fish 
products (shol, taki and tengra) has been identified. Sensory 
characteristics, moisture, protein, fat, ash, salt, TVB-N, FFA, 
pH, some mineral contents (Ca, Mg, Fe, Cu, Zn, Mn) and 
bacterial load (SPC and HBC) were analyzed of freshly 
processed turmeric and salt-treated sun-dried fishes using 

standard methods of analyses. The lowest moisture content of 
these three dried fish-products indicated that it was more 
resistant to enzymatic and microbial activities (Farzana et al., 
2016). 

The study was carried out on raw meat samples derived 
from pigs fed with a control diet and a diet supplemented with 
daily 4.5 g of turmeric powder per pig. After slaughter raw meat 
was stored for 7 days at 4°C. At day 0 and day 7 samples were 
cooked in a preheated oven at 163°C to the internal temperature 
of 71°C. Color parameters, Warner Bratzler shear force, TBARS 
and antioxidant capacity (ABTS, DPPH and FRAP) were 
determined at day 0 and day 7. Dietary turmeric powder 
induced an increase in cooked meat of L* value (P<0.001) and 
reductions in a*, b* indexes and in C* value (P<0.01, P<0.001 
and P<0.001, respectively). Color modifications in cooked meat 
were correlated with color parameters of raw samples. The 
Curcuma longa powder dietary supplementation did not affect 
lipid oxidation, Warner Bratzler shear force and antioxidant 
capacity of cooked meat (P>0.05) (Mancini et al., 2017). 

In this study was to evaluate the effects of turmeric powder 
and ascorbic acid on lipid oxidation and antioxidant capacity in 
cooked rabbit burgers. The burgers were derived from 3 
different formulations (C, control, with no additives; Tu with 
3.5% of turmeric powder and AA with 0.1% of ascorbic acid) 
and were stored at 4°C for 0 and 7 d and cooked. The lipid 
oxidation (thiobarbituric acid reactive substances [TBARS]) 
and antioxidant capacity (2,2-azinobis-[3 
ethylbenzothiazoline-6-sulfonic acid] {ABTS}, 1,1-diphenyl-2-
pircydrazyl [DPPH] and ferric reducing ability [FRAP]) were 
evaluated. A significant interaction between storage time and 
formulation (P<0.001) was observed for DPPH, FRAP and 
TBARS in cooked burgers. At day 0 and day 7, the DPPH value 
was higher in Tu and AA compared to C burgers. At day 0, C 
showed a lower level of FRAP than the Tu and AA burgers. At 
day 7, the FRAP values tended to decrease but remained 
significantly higher in Tu and AA compared to C burgers. Lipid 
oxidation at day 0 in Tu and AA showed lower TBARS values 
compared to C burgers. The addition of 3.5% turmeric powder 
in rabbit burgers exerts an antioxidant effect during storage and 
it seems more effective in controlling lipid oxidation than 
ascorbic acid after cooking (Mancini et al., 2016). 

In the study, 180 Nile tilapia fish were used in 3 months 
growth trial to study the effect of turmeric on growing tilapia. 
Fish were divided into three treatment groups. The first group 
T1 was given the basal diet without any supplementation of 
turmeric and served as the control group. The second group T2 
was given a diet supplemented by 0.25% turmeric powder. The 
third groupT3 was given a diet supplemented by 0.50% 
turmeric powder. At the end of the growth trial, fish were 
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challenged with pathogenic Pseudomonas fluorescence. 
Turmeric supplementation non-significantly improved growth 
performance. There was a trend of higher values with 
increasing the turmeric supplementation level, and significant 
improvement in feed consumption in T3 compared to T1 and 
T2. Fish body composition was affected by turmeric 
supplementation. Crude protein content was significantly 
increased in T3 compared to T1. Ether extract content was 
significantly decreased with increasing the turmeric 
supplementation level as T1 was the highest in ether extract 
content and T3 was the lowest, this was significantly reflected 
on the gross energy (GE) content of the fish. The clinical signs 
in the challenged fishes were observed on the second-day post-
injection. Fish showed loss of balance, excessive mucus 
secretions on skin and gills, ascites with slightly protruded 
reddish vent and hemorrhages all over the body surface, frayed 
and torn tail and fins, with no mortalities in the 0.50% turmeric 
supplemented group. We concluded that 0.50% turmeric 
supplementation may improve growth performance and 
significantly protect fish against P. fluorescens (Manal et al., 
2014). 

Turmeric increases the duration of storage by preventing 
peroxide formation in foods. Turmeric has been reported to be 
more effective than vitamin E in preventing lipid oxidation. It 
is determined that the components isolated from Curcuma 
longa have a strong antioxidant effect and are very important 
on lipid oxidation (Jayaprakasha et al., 2005). 

In a study, 400 ppm turmeric extract is added to chicken 
mince and its antioxidant properties are investigated. The 
results of the research have revealed that turmeric extract is 
significantly effective when compared with the control group. 
It is stated that turmeric is caused by the phenolic components 
contained in its antioxidant properties (Sharma, 1976). 

In another study, antioxidant properties of curcuminoids 
have been investigated and it is determined that the antioxidant 
capacity of these extracts is equivalent to ascorbic acid. It is 
noted that compared to 100 ppm BHT, curcumin has higher 
antioxidant activity. Turmeric roots have been reported to have 
aromatic and antiseptic properties (Khana, 1999). 

The antioxidant properties of curcumin, which is a large 
proportion of turmeric and is a phenolic component, have been 
investigated and it has been determined that curcumin is an 
antioxidant that can be used safely in the food industry (Ak and 
Gülçin, 2008). 

In this study is to evaluate the effects of turmeric powder 
(Curcuma longa) as a dietary supplement for the ornamental 
fish Green Terror (Andinocara rivulatus) on growth and feed 
performance, survival rate, and hematologic parameters. In this 
regard, 144 specimens with an average weight of 1.53±0.22 (g) 

were obtained and the hypotheses were studied with four iso-
caloric and iso-nitrogenous diets containing 0.1, 0.2 and 0.3 
percent of turmeric powder, formulated with Win feed 2.8 
software. Along the period of 100 days, the fish were biometry 
every 20 days, and at the end of the trial, a blood examination 
test was performed. Results showed that the fish fed with diet 
contains 0.3% turmeric powder (T3) had better growth 
performance, FCR, condition factor and survival rate 
specification, but no significant differences observed between 
the treated and control groups (p>0.05). RBC, PCV, 
hemoglobin, MCHC were increased not significantly (p>0.05), 
whereas WBC increased significantly in T3 compared to the 
other groups (p<0.05). MCH and MCV were decreased non-
significant in groups fed by supplemented diets compared to 
the control group (p>0.05). Applying turmeric powder at the 
level of 0.3 percent of the basal diet could not alter the growth 
indices significantly but could alter the hematological 
parameters with emphasis on WBC (Mooraki et al., 2019). 

The effect of Turmeric has been evaluated on the Immune 
stimulatory response of fish Labeo rohita as an effective 
compound (Behera et al., 2011). In another study reported that 
curcumin had a protective effect on Bloch tissue and increase 
the growth performance (Manju et al., 2011). In this regard, the 
consumption of turmeric by fantail guppy (Poecilia reticulate) 
caused the reduction of FCR and improvement of growth 
performance (Mukherjee et al., 2009). Sand Goby (Oxyeleotris 
marmoratus) also showed a positive reaction to the 
consumption of turmeric powder by an increment in amylase, 
lipase, trypsin and chemotrypsin secretions (Rojtinnakon et al., 
2012). The effectiveness of turmeric powder on Immunity 
response of Labeo rohita to Aeromonas hydrophila and white 
shrimp (Litopenaeus vannamei boone) has been evaluated by 
Sahu et al. (2008), Vanichkul et al. (2010) and Lawhavinit et al. 
(2011), respectively. Moreover, it has been evaluated the effect 
of turmeric on hematological and immunological parameters of 
Mugil cephalus vaccinated with Aeromans hydrophila bacterin 
(El-Bahr and Saad, 2008). This synergistic effect was also 
investigated on Japanese flounder (Ji et al., 2007) and Nile 
Tilapia fingerlings (El-Maksoud et al., 2002) fed by a diet 
supplemented with turmeric.  

In another study, the effect of turmeric Curcuma longa on 
Cyprinus carpio was studied. Fish were divided into four groups 
being fed for 45 days with 0.3, 0.6 and 0.9gm with add-on 
commercial diet as the control. After the Groups fed with 
copepods mediate treated with C. carpio using by the different 
concentration at 0.3gm, 0.6gm and 0.9gm when compare to the 
high dose, were differential leukocyte counts in C. carpio 
Neutrophils, Lymphocytes, Monocyctes, Esnophils and 
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basnophils analysis was showed a highly significant difference 
compared to controls (Palanisamy et al., 2016). 

Conclusion 

Seafood is among the most valuable nutrients in terms of 
the nutritional components it contains. Preserving food is a 
necessity for the continuity of life. Along with the developing 
technology, it should be aimed to extend the shelf life of new 
products obtained with the developments in food processing 
methods and to preserve the nutritional content of the product, 
to add flavor to the product and most importantly, to obtain a 
healthy product besides preserving their quality. At the stage of 
obtaining healthy products, consumers started to prefer natural 
products and the use of natural additives in the food industry 
has become widespread. Turmeric is a plant with polyphenolic 
properties, Curcumin is the most active ingredient. Turmeric 
has been determined to have antioxidant, anti-inflammatory, 
anticancer and antiatherogenic effects. Turmeric is used in fish 
soup, rice, sauces, pickles, pastas, salads, cold cuts and various 
vegetable dishes. When it is consumed with olive oil, black 
pepper and chili pepper, its absorption is much higher. In 
addition to being the most valuable nutrient with the 
nutritional components it contains, seafood can deteriorate 
much faster. In this context, turmeric has a very important role 
in extending the shelf life of seafood products by preserving the 
nutritional value with its powerful antioxidant and 
antimicrobial effect, and also in obtaining healthy products 
with its natural coloring and flavoring aspect. 
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A B S T R A C T  

Although there are theoretical researches on the interactions between four shipping sub-
markets, empirical studies examining four to cover are rare. Also, market interactions may differ 
in positive or negative environments. Accordingly, the purpose of this study is to examine the 
hierarchical structure among the 4 sub-maritime markets by providing a methodological 
proposition. This study integrates the Interpretive Structural Modelling (ISM) method with the 
asymmetric causality analysis and examines the hierarchical structure between the four markets 
in terms of positive and negative shocks through the Capesize markets. The dataset used in the 
study covers the period between 07.01.2013 - 18.07.2019 and consists of 342 weekly 
observations. The results show that the hierarchical flow of positive and negative shocks differs 
in the Capesize market. In terms of positive shocks, the demolition market stands out as the 
starting point of the shocks, while in terms of negative shocks, freight and new building markets 
come to the fore. Our study reveals hierarchical structures for maritime markets by testing their 
relationships empirically and contributes to the maritime literature where the freight market is 
theoretically considered a pioneer. A new methodical perspective is thought to be presented to 
the maritime economics literature. 

Please cite this paper as follows: 

Açık, A. (2021). Hierarchical flow among four shipping markets: An integrated approach for capesize shipping markets. Marine 
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Introduction 

The maritime market is defined as having a derived demand 
structure (Branch, 2007), which can be explained as being 
directly affected by changes in demand for commodities and 
little control over the demand (McConville, 1999). Due to this 
structure, it is directly affected by the developments in the 
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world economy (Stopford, 2009; Başer and Açık, 2019). 
Accelerations and slowdowns in economic activities are felt 
directly in the maritime market. For these reasons, the dry bulk 
freight market is defined as the leading indicator for the current 
situation of the world economy (Geman, 2009; UN, 2009; Tarı 
and İnce, 2019) and future economic activities since it carries 
the raw materials for production activities (Lawson, 2008; 
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Langdana, 2009; Şahin et al., 2018). It can be stated that the 
maritime market consists of four sub-markets; freight market, 
sale & purchase market, newbuilding market, and demolition 
market (Beenstock and Vergottis, 1993; Stopford, 2009). These 
markets are in a very close relationship with each other. The 
freight and sell & purchase markets are more dynamic than the 
others. Newbuilding and demolition markets, on the other 
hand, contribute to the formation of supply-demand balance by 
adjusting the carrying capacity in the market (Jugović et al., 
2015). However, this balance is very difficult to form since there 
are too many independent players in the market. Due to the 
derived demand structure and the fact that there are too many 
players, there are continuous cycles in the maritime markets 
(Metaxas, 1988; Stopford, 2009), which are almost unlike each 
other. These cycles can also have serious returns and costs for 
cargo owners and ship owners. 

Theoretically, the place where the action starts in the 
maritime markets is seen as the freight market. When the 
freight market booms, second-hand ship prices increase as 
current income and future income expectations for ship owners 
increase. Also, due to investors who want to increase their 
carrying capacity preferences by ordering new ships, the 
congestion of shipyards increases, and new ship prices increase. 
On the other hand, the number of ships sent to scrapping 
decreases as even old and obsolescence ships can carry out their 
commercial activities with sufficient profit in live market 
conditions. Therefore, the demolition prices offered by the 
scrap centers to the ships also increase. On the contrary, the 
drop in the freight market leads to a decrease in second-hand 
ship demand, causing prices to drop. As new orders decrease, 
new ship prices also drop, and as the number of ships going for 
scrapping increases, demolition prices also decrease. 

Although the theoretical explanation of this current 
relationship is clear, there is no study as far as the authors know 
that empirically demonstrated their relationship by addressing 
the four markets together. In the literature, the relationships of 
these markets with each other and with some other variables are 
mostly examined. In this study, we aimed to combine the 
relations between the four markets on a single result by 
providing a methodological contribution. Also, considering 
that the spread of positive and negative shocks between the 
markets may be different, we also tried to model the two types 
separately. In our study, we examined the hierarchical 
relationship structure between the four markets over the 
Capesize market due to the data limitation. Firstly, we 
generated the relationship matrices with the asymmetric 
causality test developed by Hatemi-J (2012). The main reasons 
for using this method are that it can present relationships 
between shocks in four different combinations and detect 

nonlinear relationships between variables. Then, we formed 
hierarchical market models using these matrices as input in the 
ISM method. These models provide an important contribution 
in terms of empirically revealing the theoretical structure. It 
also reveals that the interaction between the markets has 
partially differentiated under positive and negative market 
conditions. 

In the second section, we reviewed the studies on maritime 
markets and positioned our study by revealing its originality. In 
the third section, after introducing the methods we used in the 
research, we examined our data in the fourth section. In the 
fifth section, after presenting our results, we discussed and 
evaluated our findings. 

Literature Review 

The interactions between the maritime sub-markets are 
certain and therefore, the relationships between these markets 
are mostly examined in the literature. Also, these markets are 
exposed to external shocks such as fluctuations in international 
trade, fuel prices, shipbuilding costs, capital returns, and other 
factors (Beenstock and Vergottis, 1993). Therefore, studies 
examining the relations of these markets with some external 
factors are also included in the literature.  

There are two approaches to the formation of freights, they 
can be described as traditional and modern (Efes et al., 2019). 
In the traditional approach, freights are formed by the balance 
between supply and demand (Beenstock and Vergottis, 1989). 
Freight rises or falls with any side dominating. Freight rates 
tend to increase if the demand for transportation is higher than 
transport capacity in the market, but if the transport capacity is 
higher, freights tend to decrease. Due to the shipbuilding period 
that takes time between 2-4 years (Tsolakis, 2005), the fact that 
the supply is inelastic (Koopmans, 1939) also contributes to the 
increase and variety in the freight cycles. For this reason, the 
only way to increase the supply in the short run can be provided 
by increasing the speed (Karakitsos and Varnavides, 2014). In 
the long run, balance can be achieved as new vessels enter the 
market (Lun et al., 2010). In the modern approach, the 
traditional model has been partially developed. In this model, 
the bargaining game is more prominent. Players can be 
identified as the owner of the cargo and the owner of the ship. 
According to current market conditions and future 
expectations, a player's bargaining power may be higher. The 
shipowner's bargaining power will be higher when the 
conditions in the freight market are good, but the cargo owner’s 
power will be higher when the market conditions are bad. 
According to these conditions, the new freight rate is realized 
above or below the balance price and forms the new balance 
(Karakitsos and Varnavides, 2014). According to the general 



Açık (2021) Marine Science and Technology Bulletin 10(1): 85-98 

87 

literature, the fluctuations in the economy are felt firstly in the 
freight market (Strandenes, 2012), as it is known as the place 
where the first reflection of the demand for maritime is felt. In 
a study in which the relationship with the economy was 
analyzed by Başer and Açık (2019) through GPD, it was found 
that the increases in GPD caused an increase in freight rates in 
the dry bulk market, but the situation changed slightly after the 
global crisis. A similar study was carried out by Efes et al. 
(2019). The authors modeled the dry bulk freight market by 
assuming China’s foreign trade as demand for shipping and the 
global dry bulk fleet as supply-side for shipping. As a result, 
they supported the classical approach by concluding that the 
increase in trade volume affected the freight positively and the 
increase in the fleet negatively. Regardless of which approach 
for freights are used, the freights tend to return to the mean in 
the long run (Tvedt, 2003). 

Entrepreneurs intending to second-hand ship purchases in 
the maritime market often have two purposes; increasing 
existing carrying capacity or being an asset player. Asset players 
hope to make a significant profit by trading at the right time 
(Kavussanos and Alizadeh, 2002). The factors that determine 
the second-hand value of a ship may be classified into two 
groups; vessel specific and market-specific. Vessel specific 
factors are size, type, age, general conditions, equipment, 
engine, etc., while market-specific ones are current and future 
income expectations of the owners (Alizadeh and Nomikos, 
2009). Also, inflation may be considered as a market-specific 
factor (Stopford, 2009). The factors determining the second-
hand value in the empirical literature were investigated by 
Pruyn et al. (2011). As a result, the authors found that the 
variables such as new building price, order book size, freight 
rates, fuel prices, age, and ship size were used extensively in 
second-hand ship price modeling. In the studies conducted in 
the literature, it was examined by Alizadeh and Nomikos (2003) 
whether the volume of second-hand sale & purchase 
transactions had an effect on price volatility in the market. As a 
result, the authors found that the increase in the second-hand 
transaction volume caused the volatility in the prices of the 
ships to decrease. In terms of its relevance, the study conducted 
by Kavussanos (1997) found that the volatility in the prices of 
larger ships was higher.  

The newbuilding market has an important role in the supply 
and demand balance by affecting the supply side (Stopford, 
2009). If the supply amount in the market remains low and the 
freights are therefore too high, it offers new carrying capacity to 
the market, thus increasing the supply and ensuring that the 
freights reach a low level of equilibrium again. However, since 
shipbuilding takes a certain time, ordering a new ship is partly 
risky. As the orders are given according to current market 

conditions and expectations, the market is partially uncertain 
when the ordered ship is delivered (Tsolakis, 2005). In a study 
that empirically tested this situation, Başer and Açık (2018) 
examined the relationship between freights and ship tonnage 
delivered. According to their results, there is a positive 
relationship between the variables with a delay of 2 years. In 
other words, today's freight rate determines the tonnage 
delivered two years later and therefore determines the current 
order amount. As we mentioned earlier, the second-hand ship 
market can be expected to be more dynamic, as second-hand 
ships are available on the market and new ships are available 
after a certain period of orders. Adland and Jia (2015) tested this 
situation empirically in their study and found that new building 
prices were less volatile than second-hand ship prices. As an 
integrative study, factors affecting the volatility of new building 
prices have been studied by Dai et al. (2015). As a result of their 
empirical analysis, the authors found that the most essential 
part of the volatility in the new building prices was caused by 
freight rates. In another study examining the interaction 
between freight rate and ship value, the relationship between 
freight rate, second hand price and newbuilding ship price was 
examined by Açık and İnce (2019) considering their nonlinear 
structures. According to the results of the research, freight rate 
affects both second-hand price and newbuilding price for 
Capesize type ships. In addition, while an effect on freight rate 
was determined from second hand ship price, no effect on 
freight could be detected from the newbuilding price.  

The ship demolition market plays a balancing role between 
supply and demand in the maritime market. When the supply 
surplus occurs in the market and the freight rates drop, a large 
number of ships are sent to demolition, and the freight rises 
again and reaches equilibrium as the supply quantity decreases 
(Buxton, 1991). Since the freight in the market directly affects 
ship demolition decisions, a negative relationship was expected 
to be found between them in the literature. This negative 
relationship was confirmed by Knapp et al. (2008). The authors 
found a negative relationship between the probability of the 
ship being sent for demolition and freight revenues. This was 
also indicated in the study carried out by Açık and Başer (2017). 
While the number of ships going for demolition at the high 
freight level decreases, it increases at the low freight level. In 
terms of the relation of the demolition price with the freight, 
when the freight rates increase, it can be expected that the 
demolition prices increase as the number of ships sent for 
scrapping decreases. This possible relationship was examined 
by Açık and Başer (2018) and the authors empirically 
confirmed the positive relationship between the variables. The 
authors stated that this relationship may be significant not only 
in terms of the maritime side but also in terms of demand for 
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steel. Because high freight rates may be indicative of the active 
period of the economy, demand for steel may also be high. In 
this case, the demolition price offered to the ships may be high. 
Mikelis (2007) also evaluated that this relationship could be 
positive by statistical analysis. Undoubtedly, the price of 
demolition should be also related to variables other than 
maritime, because the steel from demolition is used as input to 
some sectors, such as the construction sector (Açık and Baran, 
2019). Kagkarakis et al. (2016) examined the relationship 
between ship demolition prices and global scrap prices and 
found that global scrap prices are decisive for ship demolition 
prices since their small share in the global steel industry. The 
direct relationship between ship demolition prices and 
processed steel prices was analyzed by Tunç and Açık (2019) 
with panel data analysis method, and a significant causal 
relationship was found between steel prices and the demolition 
prices of the major ship demolition countries. To evaluate the 
studies on the demolition market in general, the market has a 
structure affected by both the freight market and the steel 
market, which makes its structure a bit complicated.  

Studies mentioned in the literature are not limited to these 
and many more studies can be added. However, the studies 
mentioned understanding the general integrity of the subject is 
thought to be sufficient. As can be seen, the relations of the 
maritime markets among themselves or with the other external 
variables have been examined. Although theoretically the 
direction of the effects is explained as spreading to other 
markets starting from the freight market, there is no study that 
empirically demonstrates this by including all markets in a 
single methodology. In this study, we have divided the 
interactions as negative and positive and tried to put the 
interaction between the markets into a hierarchical structure. 
Thus, we wanted to test current theoretical knowledge 
empirically and understand whether the structure differs 
according to interaction type since positive and negative 
markets can produce different hierarchical relations. 

Methodology 

In the study, an integrated form of causality and ISM 
analysis is proposed as a method. With the asymmetric 
causality test developed by Hatemi-J (2012), causal 
relationships between 4 markets are examined. From these 
relationships, two separate matrices are generated with those 
from positive shocks to positive shocks and from negative 
shocks to negative shocks. These obtained matrices were used 
as input tables for ISM analysis and hierarchical structures were 
tried to be determined among the markets. Separate modeling 
of positive and negative shocks is to determine whether there is 
a difference in the spread of positive and negative shocks. 

Asymmetric Causality 

The asymmetric causality test is used to investigate the 
causality relationship between shocks in nonlinear time series 
in four different combinations; (i) from positive to positive, (ii) 
from positive to negative, (iii) from negative to negative, and 
(iv) from negative to positive. The method was developed by
Hatemi-J (2012) and is a very functional method considering
that players in the market can react differently depending on
the type of shocks (news) whether it is good or bad information.

The method incorporates the idea underlying Toda and 
Yamamoto (1995) process and makes analyses by taking into 
account nonlinear effects (Shahbaz et al., 2017). The logic of the 
test is similar to the standard Granger (1969) causality, with the 
difference that the cumulative sums of positive and negative 
shocks are used to determine asymmetric causality (Tugcu and 
Topcu, 2018). Thus, it becomes possible to obtain results in four 
different combinations and to distinguish the causal impact of 
positive shocks from negative ones (Shahbaz et al., 2017). 

Since the method is used in the analysis of nonlinear 
variables, possible autoregressive conditional heteroscedasticity 
(ARCH) effects on the variables should be considered (Tugcu 
et al., 2012). Therefore, Hatemi-J (2012) uses the bootstrap 
simulation technique to calculate critical values and Mwald 
statistics, and this provides more accurate critical values due to 
the leverage corrections (Hatemi-J and Uddin, 2012). 
Furthermore, the financial series are often far from the normal 
distribution as they are exposed to many unexpected events and 
shocks (Bildrici and Turkmen, 2015). The bootstrap simulation 
technique used in this method eliminates the necessity of 
normal distribution and provides a great advantage (Hatemi-J, 
2012). 

As the method follows Toda and Yamamoto (1995) process, 
the series do not have to be stationary, but the maximum degree 
of integration (dmax) needs to be determined (Umar and 
Dahalan, 2016). Unit root tests are used for this determination 
and if any unit root exists, the method is applied by adding extra 
lags to the estimated unrestricted VAR model (Hatemi-J and 
Uddin, 2012). For more detailed information, the study of 
Hatemi-J (2012) can be viewed. 

ISM Methodology 

The ISM method forms a hierarchical structure by 
prioritizing relationships of a complex system (Yudatama et al., 
2018), which makes it possible to investigate directions of the 
relationships among these elements (Sage, 1977). Since the 
method takes into account the dependencies and driving forces 
among variables (Luthra et al., 2015), understanding macro-
scale relationships becomes possible (Chuang et al., 2013). 
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In the first step of the method, a Structural Self-Interaction 
Matrix (SSIM) is formed that defines the relationships between 
the factors. These relationships are defined in 4 different 
combinations; There is an effect from factor a to factor b, there 
is an effect from factor b to factor a, there is bidirectional 
interaction between factors a and b, and there is no interaction 
between factors a and b. These relationships are represented by 
letters in the matrix; 

• “V” for the one-way relationship from factor a to factor b;
• “A” for the one-way relationship from factor a to factor b;
• “X” for a bidirectional relationship between factors;
• and “O” for no relationship between factors.

Then, by converting the letters into numbers using the 
following rules, Initial Reachability Matrix (IRM) is obtained. 
The aim is to digitize the relations and make them ready for 
further steps; 

• if (a, b) in the SSIM equals to “V”, (a, b) equals to 1 and (b,
a) equals to 0;

• if (a, b) in the SSIM equals to “A”, (a, b) equals to 0 and (b,
a) equals to 1;

• if (a, b) in the SSIM equals to “X”, (a, b) equals to 1 and (b,
a) equals to 1;

• if (a, b) in the SSIM equals to “O”, (a, b) equals to 0 and
(b, a) equals to 0.

Then, Final Reachability Matrix (FRM) is formed by 
obtaining “Dependence Power” with the sum of column values 
and “Driving Power” with the sum of rows for each variable. 
These values are determined to be used in MICMAC graph 
analysis to understand the position of variables in the complex 
system. For the ISM model, which presents the hierarchical 
structure, the IRM matrix is used. The affected factors by the 
variable are grouped as “Reachability” and the factors affecting 
it are grouped as Antecedent for each variable. “Intersection” 
set is obtained by the intersection of these two groups. The 

variable with the same “Reachability” and “Intersection” sets is 
positioned at the first level of the model. For other factors, 
positioning is completed in this way as well. In the MICMAC 
graph analysis, the factors are clustered in four different areas, 
which are “Independent”, “Dependent”, “Autonomous” and 
“Linkage”. These groupings differ according to “Dependence” 
and “Driving” powers and make it easier to understand the 
positions of the variables in the complete system. 

Data 

The dataset used in the study covers the period between 
07.01.2013–18.07.2019 and consists of 342 weekly observations. 
Representative variables were used for the four shipping 
markets due to the data access restriction. Freight variable 
refers to the Capesize route from Saldanha (South Africa) to 
Beilun (China) and the unit of it is freight paid $ per ton. The 
second-hand variable refers to the value of the 5 years old 
Capesize ship and the unit of it is $ million. Newbuilding 
variable refers to Capesize newbuilding price in China and the 
unit of it is $ million. Lastly, the demolition variable refers to 
the Indian dry demolition price and the unit of it is $ per ltd. 
Freight, second hand, and newbuilding variables are obtained 
from Bloomberg (2019) while demolition price is obtained 
from Athenian (2019). Descriptive statistics of the raw and 
return cases of the data used in the study are presented in Table 
1. In the period discussed, signs of the skewness values of the
return series indicated that negative shocks were more effective
in demolition prices while positive shocks were more effective
in the other three markets. The fact that the kurtosis values of
the return series of the 3 markets are very high compared to the
freight is due to the fewer changes. Since weekly data is used,
weekly changes are less in the 3 markets and this causes the
return values to be concentrated at 0. Fortunately, our analysis
uses the method based on the Toda and Yamamoto (1995)
approach and it does not require a condition of stationarity.

Table 1. Descriptive statistics of the variables 
Freight Second Hand Newbuilding Demolition RFR RSH RNB RDEM 

Mean 11.62 33.33 46.88 374.78 0.001 0.000 0.000 -0.000
Median 12.08 33.00 46.00 395.00 0.000 0.000 0.000 0.000
Maximum 22.98 52.00 56.50 465.00 0.326 0.162 0.064 0.083
Minimum 4.00 21.00 40.00 225.00 -0.247 -0.103 -0.056 -0.096
Std. Dev. 3.92 7.40 4.65 63.35 0.07 0.02 0.00 0.02
Skewness 0.27 0.46 0.44 -0.72 0.08 1.50 1.78 -0.41
Kurtosis 2.76 2.97 2.14 2.26 4.74 18.13 25.40 6.39
J-Bera 5.16 12.44 21.65 37.40 43.4 3382.5 7312.6 173.2
Prob. 0.07 0.00 0.00 0.00 0.000 0.00 0.00 0.00
Obs. 342 342 342 342 341 341 341 341

Source: Bloomberg (2019); Athenian (2019). 
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Figure 1. Graphical display of the variables (Source: Bloomberg (2019); Athenian (2019)) 

The visual of the variables used in the study is presented in 
Figure 1. It can be said that there is a high correlation between 
the second-hand and demolition values. The new building 
prices are inherently more stable. The fact that the ship delivery 
process is partially long and the market is not known when the 
ship is received causes the prices to be less volatile. Freight also 
similarly moves around a certain average but with partially high 
volatility. It can also be said that there are structural breaks both 
in the value of second-hand ships and in the demolition prices. 
For this reason, it is important to apply unit root tests that take 
into account breaks in level and trend. Standard tests may offer 
a result that they include unit root as they do not take into 
account possible structural breaks. 

Results 

In this section, firstly, unit root, and linearity tests, which 
are necessary for the asymmetric causality test, are applied. 
According to the results obtained from these tests, asymmetric 
causality test is applied. Then, two separate ISM models are 
constructed using the asymmetric causality test results related 
to the positive-positive and negative-negative analysis. 

Unit Root Test Results 

To determine the maximum degree of integration in the 
asymmetric causality analysis, root unit tests with structural 
breaks were applied to the series and the results are presented 
in Table 2. One break ADF test (Zivot and Andrews, 1992), one 

break LM test (Lee and Strazicich, 2013), two break ADF test 
(Narayan and Popp, 2010), and two break LM test (Lee and 
Strazicich, 2003) were applied to all series. The maximum lag 
length was determined as 25 and AICc was used to determine 
the most suitable lag. According to the results obtained, 
considering the structural breaks of the variables in the level 
and level & trend, the null of the unit root hypothesis is rejected 
with at least one test for all variables used in the analyzes. In this 
case, the maximum degree of integration value is determined as 
0 for all asymmetric analysis combinations. 

Linearity Test Results 

As the asymmetric causality test used in the study is a 
nonlinear method, the linearity of the series should be tested. 
For this reason, all the variables were first converted to the 
return series, and then the most suitable ARMA models were 
estimated. After checking the significance and roots of the 
estimated models, BDS Independence (Brock et al., 1987) and 
ARCH (Engle, 1982) tests were applied to their residuals. The 
results of the applied tests were presented in Table 3. The 
obtained results indicated that the null of the linearity 
hypothesis was rejected for all variables. In this case, the 
applicability of the asymmetric causality test is confirmed. 

The fact that the structures of the variables are not linear is 
an indicator that the parameters have changed over time. 
Unexpected shocks and structural breaks in the global world 
disrupt the structure of the series. The main reason for this may 
be the derived demand structure of the maritime markets. 
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Table 2. Unit root tests with structural breaks for capesize freight market 

Mod A Mod C Mod A Mod C Mod A Mod C Mod A Mod C 

Test Items Freight Freight S&P S&P NB NB Demo Demo 

One break ADF test (Zivot and Andrews, 1992) 

ADF Stat -5.35*** -5.37** -3.59 -3.64 -3.62 -3.29 -3.42 -3.74

Break Date 95 95 94 135 94 94 119 119

Fraction 0.27 0.27 0.27 0.39 0.27 0.27 0.34 0.34

Lag 1 1 7 4 22 22 6 6 

One break LM test (Lee and Strazicich, 2013) 

LM Stat -2.84 -4.35* -2.02 -2.74 -1.90 -2.25 -1.52 -2.48

Break Date 97 114 221 134 87 129 132 184

Fraction 0.28 0.33 0.64 0.39 0.25 0.37 0.38 0.53

Lag 1 1 4 4 22 22 6 6 

Two break ADF test (Narayan and Popp, 2010) 

ADF Stat -6.01*** -6.35*** -4.68** -5.72*** -4.58** -6.05*** -4.79** -4.03

Break Date 95, 141 95, 187 90, 142 90, 216 94, 172 37, 181 118, 226 128, 289 

Fraction 0.27, 0.41 0.27, 0.54 0.26, 0.41 0.26, 0.63 0.27, 0.50 0.10, 0.52 0.34, 0.66 0.37, 0.84 

Lag 1 1 7 7 22 22 6 6 

Two break LM test (Lee and Strazicich, 2003) 

LM Stat -3.12 -5.54* -2.20 -4.62 -2.06 -4.40 -1.93 -3.97

Break Date 97, 101 95, 194 182, 226 90, 221 87, 243 94, 220 109, 220 128, 212 

Fraction 0.28, 0.29 0.27, 0.56 0.53, 0.66 0.26, 0.64 0.25, 0.71 0.27, 0.64 0.31, 0.64 0.37, 0.62 

Lag 1 1 4 4 22 22 6 6 

Note: Mod A refers to break in level, Mod C refers to break in level and trend. H0 rejected ***99%, **95%, *90%. 

Causality Test Results 

The asymmetric causality analysis was applied between 
positive shocks and between negative shocks. The maximum 
integration degree is determined as 0, the maximum number of 
lags is selected as 25, and the optimum lag selection criterion is 
selected as AICc. The causality results among positive shocks 
are shown in Table 4. According to the results obtained, positive 
shocks in freights are the cause of positive shocks in second-
hand ship value. Positive shocks in second-hand ship value are 
the cause of positive shocks in new ship value. Finally, positive 
shocks in demolition prices are the cause of positive shocks in 
freights. 

Results between negative shocks are presented in Table 5. 
Unlike positive shocks, much more significant relationships 
were found in negative results. According to the results 
obtained, negative shocks in freights are the causes of negative 
shocks in second-hand ship value, new ship value, and 
demolition prices. Negative shocks in second-hand ship value 
are the causes of negative shocks in demolition prices. Negative 
shocks in the value of the new ship are the causes of negative 
shocks in freights and demolition prices. Finally, negative 
shocks in demolition prices are the causes of negative shocks in 
second-hand ship value. 
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Table 3. Linearity test results 

Dimension Freight Secondhand Newbuilding Demolition 

2 6.450*** 3.918*** 5.219*** 4.178*** 

3 6.550*** 2.427** 3.897*** 4.481*** 

4 6.834*** 1.719* 3.261*** 5.312*** 

5 6.948*** 2.650*** 3.744*** 5.957*** 

6 7.047*** 3.558*** 3.897*** 6.915*** 

ARCH 41.06*** 65.01*** 5.99** -5.26** 

ARMA (p, q) (12, 12) (8, 2) (11, 9) (8, 8) 

AIC -2.56 -5.11 -6.78 -4.87

Note: Null of linearity is rejected at ***1%, **5%, *10%. 

Table 4. Causality test results related positive shocks 

Note: Null of noncausality is rejected at ***1%, **5%, *10%. 

Table 5. Causality test results related negative shocks 

TO 

Freight Secondhand Newbuilding Demolition 

FR
O

M
 

Freight X 34.957*** 7.097 6.729 

Secondhand 5.417 X 13.245** 1.664 

Newbuilding 0.962 3.964 X 0.380 

Demolition 8.546** 3.042 0.261 X 

Note: Null of noncausality is rejected at ***1%, **5%, *10%. 

After the asymmetric causality analysis, ISM analyzes are 
applied based on the results obtained. Two separate ISM 
analyzes are applied for positive and negative shocks in the 
Capesize markets. 

ISM Results 

Considering the results obtained from the asymmetric 
causality test, two separate ISM analyzes were applied for both 
positive and negative shocks. Thus, it was tried to be 
determined whether the hierarchical structure of positive and 
negative interactions changed in different market conditions. 

Positive Shocks Related Results 

Based on the rules applied in ISM analysis with the matrix 
presenting the relationship between the positive shocks in Table 

4, Structural self-interaction matrix (SSIM) was formed and 
presented in Table 6. 

Table 6. Structural self-interaction matrix (SSIM) 
Freight Secondhand Newbuilding Demolition 

Freight V X A 

Secondhand V X 

Newbuilding X 

Demolition 

The initial and final reachability matrix was generated 
through the letterings in Table 6 and presented in Table 7. This 
table also includes the driver and dependence powers of the 
markets. The interpretation of these forces is made clearer in 
the MICMAC analysis section. 

Using the matrix in Table 7, Table 8, which will be used in 
leveling, was obtained. In this table, all levels are determined so 
that the markets with the same values in the reachability and 
intersection columns are at the first level. Accordingly, 
demolition is at level 4, freight at level 3, second hand at level 2, 
and newbuilding at level 1. With these level setting values, a 
visual ISM model was formed. 

The ISM model, which examines the spillover of positive 
shocks in the Capesize market hierarchically, is presented in 
Figure 2. According to this model, 4 maritime markets are 
located at 4 different levels. The demolition market located at 
the bottom is in a position that affects and is not affected by all 
other markets, which indicates that positive shocks spillover 
from the demolition market to other markets. The freight 
market, which is located at level 3, transmits the shocks it 
receives from the demolition market to other markets through 
the sale & purchase market. The sale & purchase market 
transmits the positive shock it receives from the demolition and 
freight markets to the newbuilding market. The new building 
market is affected by three other markets, but it cannot affect 
any other market. 

Figure 2. ISM results 

TO 

Freight Secondhand Newbuilding Demolition 

FR
O

M
 

Freight X 34.957*** 7.097 6.729 

Secondhand 5.417 X 13.245** 1.664 

Newbuilding 0.962 3.964 X 0.380 

Demolition 8.546** 3.042 0.261 X 

Newbuilding Market 

Sale & Purchase Market 

Freight Market 

Demolition Market 

LEVEL 1 

LEVEL 2 

LEVEL 3 

LEVEL 4 



Açık (2021) Marine Science and Technology Bulletin 10(1): 85-98 

93 

Table 7. Initial and final reachability matrix 
Freight Secondhand Newbuilding Demolition DRIVER 

Freight 1 1 0 0 2 

Secondhand 0 1 1 0 2 

Newbuilding 0 0 1 0 1 

Demolition 1 0 0 1 2 

DEPENDENCE 2 2 2 1 

Table 8. Use of reachability matrix in level setting 

Reachability Antecedent Intersection Level 

1 Freight 1, 2 1, 4 1 3 

2 Secondhand 2, 3 1, 2 2 2 

3 Newbuilding 3 2, 3 3 1 

4 Demolition 1, 4 4 4 4 

The MICMAC graphic analysis based on the values in Table 
8 is presented in Figure 3. This analysis shows how markets are 
positioned regarding positive shocks. However, since there are 
few variables (markets) in the analysis, they are located in 
border regions. Based on the ISM model in Figure 2, it can be 
said that the Demolition variable is included in the Independent 
cluster since it is in a position that affects all markets. It can be 
said that the freight and sale & purchase markets are included 
in the Linkage cluster, as they transfer the positive shocks they 
receive to the Newbuilding market. Finally, the Newbuilding 
market can be said to be in the Dependent cluster, because this 
market is at the top of the ISM model and does not affect any 
other market. 

Negative Shocks Related Results 

Based on the matrix showing the relationship between the 
negative shocks presented in Table 5, the Structural Self-
Interaction Matrix (SSIM) in Table 9 was generated. 

The letters in SSIM were digitized according to the ISM 
methodology, and the Initial and Final Reachability Matrix in 
Table 10 were obtained. It can be said that the values of Driver 
and Dependence powers obtained in this matrix vary more than 
those in positive shocks. In MICMAC graphic analysis, this 
variety can make it possible to interpret better. 

Level determination processes for each market using the 
values in Table 10 are presented in Table 11. According to this 
transaction, while second hand and demolition markets are 
positioned at the 1st level, freight and newbuilding markets are 
positioned at the 2nd level. 

The ISM model formed after the leveling process is 
presented in Figure 4. According to this model, while the freight 

and new building markets are positioned at the 2nd level, the 
sale & purchase and demolition markets are positioned at the 
1st level. This shows that negative shocks are reflected from 
freight and new building markets to other markets. The 
markets where negative shocks have ended were identified as 
sale & purchase and demolition markets. 

Markets are positioned again on the borders as the number 
of variables is low in the MICMAC graph analysis. However, 
when cluster determination is applied with the help of the ISM 
model, Newbuilding and Freight markets can be said to be in 
the Independent cluster since these markets are the sources of 
negative shocks. On the other hand, it can be said that the 
demolition and sales & purchase markets are in the Dependent 
cluster since these markets receive negative shocks from other 
markets. 

Discussion 

In this study, firstly, the price information of the variables 
that make up the 4 main maritime markets of Capesize shipping 
is considered as representative values. For instance, freight 
refers to Capesize route from Saldanha (South Africa) to Beilun 
(China), the second-hand variable refers to the value of the 5 
years old Capesize ship, the newbuilding variable refers to 
Capesize newbuilding price in China, and the demolition 
variable refers to Indian dry demolition price. Therefore, 
defining the relationship between them may not be very 
confident, but it is believed that reasonable results have been 
obtained in these current conditions related to the data 
limitation. 
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Table 9. Structural self-interaction matrix (SSIM) 

Freight Secondhand Newbuilding Demolition 

Freight V X A 

Secondhand V X 

Newbuilding X 

Demolition 

Table 10. Initial and final reachability matrix 

Freight Secondhand Newbuilding Demolition DRIVER 

Freight 1 1 1 1 4 

Secondhand 0 1 0 1 2 

Newbuilding 1 0 1 1 3 

Demolition 0 1 0 1 2 

DEPENDENCE 2 3 2 4 

Table 11. Use of reachability matrix in level setting 

Reachability Antecedent Intersection Level 

1 Freight 1, 2, 3, 4 1, 3 1, 3 2 

2 Secondhand 2, 4 1, 2, 4 2, 4 1 

3 Newbuilding 1, 3, 4 1, 3 1, 3 2 

4 Demolition 2, 4 1, 2, 3, 4 2, 4 1 

Figure 3. MICMAC analysis 
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Figure 4. ISM results 

The ISM model obtained related to the hierarchical flow of 
positive shocks is quite compatible with the theoretical 
structure. The location of markets other than the Demolition 
market is generally in line with the accepted approach in the 
literature. The increases in the freight market cause an increase 
in the value of second-hand ships, as the current income and 
future income expectations increase (Alizadeh and Nomikos, 
2009; Pruyn et al., 2011; Açık and İnce, 2019). Also, as the 
demand for new ships increases in this buoyant market 
environment, there is a positive flow from second-hand ship  
prices to new ship prices. Considering that, the price of the new 
ship is affected by the volatility in the freight (Dai et al., 2015), 
and it is less volatile than the price of the second ship (Adland 
and Jia, 2015), the position of it in the model is reasonable. The 
position of demolition prices in the model does not seem very 
reasonable in the maritime market at first glance. However, 
considering the relationship between demolition prices and 
economic activities, a reasonable explanation can be made. 
Because ship demolition prices are closely related to steel prices 

(Tunç and Açık, 2019) and the increase in steel prices often 
causes an increase in demolition prices. Also, an increase is 
observed in demolition prices as the ship going to dismantling 
decreases in live market conditions. The increase in steel prices 
is experienced in times when the economy is alive considering 
the widespread use of steel in the global industries. Therefore, 
positive shocks from demolition prices can be considered as an 
indicator of economic recovery. As the demand for maritime 
transportation with derived demand structure increases as a 
result of the increase in economic activities, firstly, there is a 
positive reflection on freights. This positive relationship 
between demolition price and freight rates was also confirmed 
empirically in the literature (Açık and Başer, 2018). 

On the other hand, the fact that the freight and the new 
building markets are at the 2nd level in the structure related to 
negative shocks do not partially comply with the evaluation 
regarding the positive shocks. Assuming that the demolition 
market represents the world economy, negative shocks could be 
expected to start from this market. The fact that freights are at 
the second level is reasonable. Negative shocks in freights are 
transferred to the sale & purchase market since it is related to 
the current and future income expectations (Alizadeh and 
Nomikos, 2009; Pruyn et al., 2011; Açık and İnce, 2019). Also, 
it is reasonable to see a decrease in the demolition market due 
to the falling ship values and the increasing ship amount sent to 
the scrapping (Knapp et al., 2008; Açık and Başer, 2017). 

Figure 5. MICMAC analysis 
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The reason why the new building market is at the 2nd level may 
be related to the role of sentiment in ship orders because one of 
the most important factors affecting ship investors' decisions is 
their sentiment related to the economic environment 
(Stopford, 2009). Therefore, the declining new order demand 
may be causing a drop in price, and such negative shocks may 
be spreading to other markets.Of course, this study is evaluated 
within the maritime markets. There are also many macro 
variables that affect the shipping market such as interest rates, 
commodity prices, exchange rates, etc., and these are the main 
sources of the shocks. Therefore, analyzes including such 
variables can provide more comprehensive results. 

Conclusion 

We aimed to conduct research examining the hierarchical 
structure of freight, sale & purchase, newbuilding and 
demolition markets, which are accepted as the 4 sub-markets of 
the maritime market, in a single model. There are studies in the 
literature that examine the relationships between these markets 
and some other external variables. However, as far as the 
authors know, there is no study examining a hierarchical 
structure by considering all of them in a single model. In this 
respect, it is considered that this research applied to the 
Capesize market has made an original contribution. In our 
study, we also provided a methodological contribution by 
integrating the two models and by examining the relationships 
in two separate structures, positive and negative. The ISM 
model makes it possible to determine the hierarchical structure 
and priority order of the elements in a complex system. The 
asymmetric causality test is a method that examines nonlinear 
causality relationships through shocks that variables contain. 
Based on the classical maritime market view, we wanted to 
demonstrate empirically that shocks coming to the maritime 
market spread to the freight market first and then to other 
markets. We determined that the models that emerged as a 
result of the research differed according to the positive and 
negative shocks and the hierarchies of the structures changed. 
We have linked the reason for the demolition market to come 
to the fore in the positive model, not just to be dependent on 
the shipping market and to be closely related to economic 
activities. 

As a limitation of the study, it can be stated that the Capesize 
type is used and limited the scope of the research. The results 
may be more generalizable if analysis can be applied for other 
types of ships or if common value indices can be developed for 
all ships. Also, contrary to the classical view that examines the 
maritime markets in themselves, other important macro 
variables, such as interest rates, exchange rates, commodity 

prices, can be added to the models based on the modern view 
that relates it to other macro variables. 
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A B S T R A C T  

In this study, some biological properties of Merlangius merlangus (Linnaeus, 1758) were 
examined. In this context, relationship of length-weight, distribution of length-frequency, 
sex ratios and condition factors were examined. A total of 303 individuals were taken by 
random sampling from fishing vessels (beam trawl) in the Sea of Marmara. Minimum 
length and weight values of all sample individuals was found 10.0 cm and 6.6 g, maximum 
length 41.2 cm and 535 g was found. The average length was found 17.15±0.49 cm and the 
average weight was 47.03±7.57 g. Length-weight relationship for all samples as 
W=0.0044TL3.1777 regression coefficient r2=0.98 was determined. Growth type, positive 
allometric was determined for all samples and both sexes (b˃3; P˂0.05). The sex ratio (F:M) 
was calculated as 1:1.27. The mean values of condition factor (K) were calculated as 
0.729±0.089, 0.733±0.091 and 0.737±0.081 for male, female and combined sex respectively. 
There are no significant differences between male and female (P˃0.05). 

Please cite this paper as follows: 

Bal, H. (2021). Length-weight relationship, sex ratio and condition factor of Merlangius merlangus (Linnaeus, 1758) from the Sea 
of Marmara, Turkey. Marine Science and Technology Bulletin, 10(1): 99-105. 

Introduction 

Merlangius merlangus (Linnaeus, 1758), belongs to the 
Gadidae family and it is demersal fish species (Hureau, 1986). 
M. merlangus is one of the economically important fish species
in Turkey (Sağlam and Sağlam, 2012). There are many studies
on this species such as biology, population characteristics,
growth parameters, diet, mortality rates and biomass in Black

* Corresponding author 
E-mail address: habipbal@hotmail.com (H. Bal)

Sea and Aegean Sea (Samsun and Erkoyuncu, 1998; Özaydın 
and Taşkavak, 2006; Kalaycı et al., 2007; Ak et al., 2009; Samsun, 
2010; Kasapoğlu and Düzgüneş, 2014; Mazlum and Bilgin, 
2014; Samsun and Akyol, 2017; Samsun et al., 2017; Türker and 
Bal, 2018; Taylan et al., 2018; Aksu, 2020). However, there are a 
few studies on growth and biological characteristics of M. 
merlangus in the Sea of Marmara (Göksungur, 2004; Bök et al., 
2011; Demirel and Dalkara, 2012). 
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It is necessary to carry out such studies continuously 
monitoring study for fisheries management and fisheries 
biology the conservation of economically important species 
aquatic ecosystems. The population parameters such as length-
weight relationship, length frequency, condition factors and 
biological parameters are important data sources for fisheries 
and fisheries management. Especially length and weight 
parameters gives information about the growth type of fish, 
whether growth is isometric or allometric (Ricker, 1975). 

In this study, relationship of length-weight, distribution of 
length-frequency, condition factor and sex ratio of whiting 
were determined. It is expected that the data of the study may 
be source for both the fisheries of the region and fisheries 
science. 

Material and Methods 

A total of 303 samples were sampled by randomly from 
fishing vessels (beam trawl) and commercial fisheries in fishing 
season (between September and April, 2019) in the Sea of 
Marmara. The beam trawl had 5 m width and 50 cm mouth 
opening; with a cod end 32 mm mesh size. Samples, total length 
(cm) with 1 mm precision, weight (g) with 0.01 g accuracy
recorded and macroscopically sex (female and male) was
determined. W=aLb equation was used to determine the length-
weight relationship (LWR) of fishes (Ricker, 1975). Where, W
indicates the weight of the fish in g, L the total length in cm, a
the condition of the fish, and b to the growth type of the fish.
Student t test was used to determine the growth type (if; b=3,
isometric; b˂3, negative allometric; b˃3, positive allometric)
(Ricker, 1975). Fulton’s condition factor was calculated (Froese,
2006).

𝐾𝐾 = �
𝑊𝑊
𝐿𝐿3
� × 100 

According to the formula given above; W indicates fish 
weight (g), L indicates total fish length (cm). 

Results 

Length-Weight Relationships 

The length-weight relationship was calculated according to 
all of the samples examined and gender groups, and it was 
found that the regression coefficient between the relationships 
was high. Growth types for each gender group and all samples 
were calculated and growth was found to be positive allometric 
for all. The results of the examples are given in Table 1. 

Distribution of Length-Frequency 
For all individuals, the minimum length 10 cm and 6.6 g. 

The maximum length 41.2 cm, maximum weight of 535 g was 
determined. The minimum, maximum, average and standard 
error values of the lengths and weights of the samples are given 
in Table 2. 

Figure 1. Distribution of length-frequency of Merlangius 
merlangus 

Table 1. Parameters of length-weight relationship and growth type of Merlangius merlangus 

Sex N a b ±95% CI of b SE(b) r2 Growth Type P 

F 133 0.0039 3.2281 3.152-3.303 0.038 0.9821 + Allometric ˂0.05 

M 170 0.0052 3.1168 3.045-3.188 0.036 0.9776 + Allometric ˂0.05 

F+M 303 0.0044 3.1777 3.122-3.224 0.026 0.9796 + Allometric ˂0.05 

Note: N: number of sampling; F: female; M: male; a: intercept; b: slope of the relationship; r 2: coefficient of determination; SE(b): 
standard error of b; CI: confidence interval. 

Table 2. Parameters of length and weight of Merlangius merlangus 

Sex N TL (cm) TW (g) 

(Min-Max) Mean±SE (Min-Max) Mean±SE 

F 133 10.0-41.2 17.46±5.16 6.7-535 53.95±38.61 

M 170 10.0-32.6 16.83±0.49 6.6-272.36 40.70±7.57 

F+M 303 10.0-41.2 17.15±0.49 6.6-535 47.03±7.57 

Note: N: number of sampling; F: female; M: male; TL: total length, cm; TW: total weight, g; SE: standard error. 
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Figure 2. Distribution of length-frequency in catch seasons of Merlangius merlangus

It has been determined that the size distribution of the 
samples is generally between 14 and 18 cm. In this study, 68% 
of all samples are over 18 cm (Figure 1).  

The length-frequency all samples and distributions 
according to the months were calculated and graphics were 
drawn (Figure 2).
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Figure 3. Condition factor of Merlangius merlangus in the Sea of Marmara 

Table 3. Comparison parameters of length-weight relationship, growth type, sex ratio and condition factor with previous studies 
Study 
area 

N 
Length (cm) 
(min-max) 

Weight (g) 
(min-max) 

a b r2 
Growth 
type 

Sex ratio 
Condition 
factor (K) 

References 

MBS 7716 3.2-25.6 0.005 3.07 0.96 A- Aksu, 2020 

SEBS 480 11.8-21.9 11.1-21.9 Balık and Öztaş, 2019 

WBS 4003 6-25.9 1.60-135.54 0.004 3.25 0.96 A+ 1:1.85 Yıldız and Karakulak, 2019 

WBS 318 7.8-22.7 2.67-76.28 0.006 3.01 0.96 I Türker and Bal, 2018 

EBS 70 12.6-23.3 15.59-95.72 0.007 3.02 0.94 Taylan et al., 2018 

CBS 1891 7.5-23.4 2.90 Samsun et al., 2017 

CBS 1495 8.8-22.8 5.3-83.2 0.011 2.86 0.92 A- Samsun and Akyol, 2017 

EBS 140 10-27 9-118 0.013 2.77 0.91 A- Çalık and Erdoğan Sağlam, 
2017 

BS 2292 5.9-22.2 0.005 3.15 0.92 Kasapoğlu and Düzgüneş, 
2014 

SEBS 598 10.6-27.4 1:1.52 Mazlum and Bilgin, 2014 

SEBS 1952 11.6-30.7 1:1.35 Bilgin et al., 2012 

MS 234 10.6-24.5 0.012 2.83 0.93 A- Demirel and Dalkara, 2012 

SEBS 1884 10.3-21 6.4-67.2 0.006 3.04 0.88 I 1:1.38 Sağlam and Sağlam, 2012 

MS 166 0.004 3.14 A+ Bök et al., 2011 

MBS 2238 8.4-31.5 3.35-259 0.004 3.20 0.97 A+ 1:1.15 Samsun, 2010 

EBS 943 6.7-29.5 2.15-241.2 0.004 3.16 0.98 A+ 1:1.95 Ak et al., 2009 

MBS 904 7.7-22.7 2.99-79.79 0.006 3.02 0.96 I Kalaycı et al., 2007 

EAS 100 16.0-31.7 30.27-229.37 2.94 0.96 Özaydın and Taşkavak, 2006 

MBS 8.4-31.5 0.004 3.20 1:1.15 Samsun, 2005 

MS 920 7-25 5.2-84.6 0.005 3.14 1:1.55 0.746 Göksungur, 2004 

EBS 1730 11-30.40 8.23-283.80 1:1.84 Çiloğlu et al., 2001 

MBS 1302 9.0-24.0 5.7-118.7 0.003 3.24 0.94 A+ 1:1.17 0.740 Samsun and Erkoyuncu, 1998 

MBS 3.19 0.740 Samsun et al., 1994 

MS 303 10.0-41.2 6.6-535 0.004 3.17 0.97 A+ 1:1.27 0.737 Present study 

Note: MS: Marmara Sea; BS: Black Sea; MBS: Middle Black Sea; WBS: Western Black Sea; EAS: Eastern Aegean Sea; CBS: Central Black 
Sea; SEBS: South-Eastern Black Sea; EBS: Eastern Black Sea. 
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Sex Ratio 

A total of 303 specimens of Merlangius merlangus 
consisting of 133 females (10.0–41.2cm; 17.46±5.16 TL) and 
170 males (10.0–32.6 cm; 16.83±0.49 TL) were examined from 
the Sea of Marmara. The sex ratio of male: female=1:1.27 was 
significantly different from 1:1 (P˂0.05). 

Condition Factors 

The mean highest condition factor was recorded 0.849 in 
December for females, 0.773 in September for males. The mean 
low condition factor was recorded 0.668 in October for females, 
0.667 in October for males. The mean values of condition factor 
(K) were calculated as 0.729±0.089, 0.733±0.091 and
0.737±0.081 for male, female and combined sex respectively
(Figure 3). There are no significant differences between male
and female (P˃0.05).

Discussion 

Length-weight relationship (LWR) is very important data 
sources for fisheries. It has many applications in fishery 
management, ecological studies such as estimating the 
condition, feeding and spawning (Gonçalves et al., 1997; 
Stergiou and Moutopoulos, 2001). Although, there are many 
study on whiting especially Black Sea and Aegean Sea, there is 
a few information on growth and biological characteristics of 
Merlangius merlangus in the Sea of Marmara (Göksungur, 
2004; Bök et al., 2011; Demirel and Dalkara, 2012). 

The growth pattern (b) typically varies between 2.0 and 3.5 
(Froese and Pauly, 2010).Values of b changeable in different 
population of same fish species. The growth pattern (b) 
depends on temperature, salinity, food, conditional of 
environmental conditions (predation) sex and stage of maturity 
(Ricker, 1973; Freitas et al., 2017). In this study, the growth 
pattern (b) of all samples positive allometric (b˃3; P˂0.05) was 
found. It is similar to the Bök et al., (2011). However, Demirel 
and Dalkara, (2012) reported that they found the b value of this 
species to be negative allometric (b˂3; P˂0.05). It has been 
determined that this aspect is not similar to our study results.  

In previous studies, growth pattern of b values respectively 
as five positive allometric (Samsun and Erkoyuncu, 1998; Ak et 
al., 2009; Samsun, 2010; Bök et al., 2011; Yıldız and Karakulak, 
2019), four negative allometric (Demirel and Dalkara, 2012; 
Samsun and Akyol, 2017; Çalık and Erdoğan Sağlam, 2017; 
Aksu, 2020) and tree isometric (Kalaycı et al., 2007; Sağlam and 
Sağlam, 2012; Türker and Bal, 2018) were determined (Table 3). 

The growth pattern b value was not significantly (b=3; 
P˃0.05) differences to the 3 (Kalaycı et al., 2007; Sağlam and 
Sağlam, 2012; Türker and Bal, 2018).   

 Growth pattern (b), range from 2.77 (Çalık and Erdoğan 
Sağlam, 2017)-3.24 (Samsun and Erkoyuncu, 1998). It’s 
estimated that the reason for the difference in b value between 
stocks in different regions and unsuitable environmental 
conditions due to overfishing. 

The coefficient of determination (r2) in previous study 
range from 0.88-0.98 and highly significant (P˂0.05) (Samsun 
and Erkoyuncu, 1998; Göksungur, 2004; Özaydın and 
Taşkavak, 2006; Kalaycı et al., 2007; Ak et al., 2009; Samsun, 
2010; Bök et al., 2011; Sağlam and Sağlam, 2012; Demirel and 
Dalkara, 2012; Bilgin et al., 2012; Mazlum and Bilgin, 2014; 
Kasapoğlu and Düzgüneş, 2014; Çalık and Erdoğan Sağlam, 
2017; Samsun and Akyol, 2017; Samsun et al., 2017; Taylan et 
al., 2018; Türker and Bal, 2018; Aksu, 2020). The coefficient of 
determination (r2) very high in present study also (P˂0.05). 

The result about sex ratio in present study is also similar by 
Erkoyuncu, (1998) and Bilgin et al., (2012) in the Black Sea. But 
different from the F:M ratio found by Ak et al., (2009) as 
1.00:1.95. Condition factor in previous studies, Samsun et al. 
(1994) 0.740, Samsun and Erkoyuncu (1998) 0.740, and 
Göksungur (2004) 0.746 values similar to in present study 
(0.737). These minor differences are thought to be due to 
changes in the ecosystem. The parameters obtained from LWR, 
sex ratio and condition factor for previous study is showed in 
Table 3. 

Conclusion 

In present study, it has been determined that the size 
distribution of the samples is generally between 14 cm and 18 
cm. The absence of specimens larger than 18 cm indicates a
prey pressure on the species. The regular monitoring studies are
essential to understand the dynamics of exploited whiting
stocks under the pressure of environmental changes in the Sea
of Marmara ecosystem. Therefore, whiting fishery needs new
regulation measures and management plans for the sustainable
fisheries. It is expected that the data of the study may be source
for both the fisheries of the region and fisheries science.
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