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 It was aimed to compare the populations of N. randalli sampled from Antalya, Anamur, Silifke, 
Mersin, and Iskenderun by the biometric method. BioMorph program was used in the 
research. Principal Components Analysis (PCA), Intercluster Correlation Analysis (ICA), and 
Univariate Analysis of Variance (UAV) were used in the multivariate analyzes of the 
individuals. The comparison of the data was made with SPSS and Excel package programs. A 
statistical difference was found between the populations in terms of morphometric 
characteristics (p<0.05). There was no distinction between populations in terms of meristic 
characters. Fin rays of the samples (D: X+9-10; A:III+7-8; PEL:I+5; PEC:16-17) and the number 
of lateral line scales (44/47) were determined. While positive strong correlations were 
determined in Antalya, Anamur, Silifke, and Iskenderun populations in terms of morphometric 
characters (p<0.001). Positive and weak correlations were found between preorbital length, 
dorsal-fin base, anal fin base, eye diameter, and total length in the Mersin population (p<0.05). 
Length-weight relationships of different populations of N. randalli were determined (b=2.25-
3.0; r2=0.90-0.99). It was determined that the species showed isometric growth in Anamur 
and Silifke populations and negative allometric growth in Antalya, Mersin, and Iskenderun 
populations. The condition factor values of the species were calculated as 1.21 in Antalya, 1.29 
in Anamur, 1.36 in Silifke, 1.32 in Mersin, and 1.28 in Iskenderun. The distinction between 
populations may vary depending on fish size, the female-male ratio in the population, habitat 
conditions, sampling time, sampling method, nutritional status of individuals. 

 
 

 
 
 
 
 
 
 
1. INTRODUCTION  

Morphometric characteristics of the individual are 
used in biological research such as species identification, 
growth parameter, and population dynamics for ages 
(Slice, 2007). Traditional morphometric applications 
were enhanced by modern morphometric analysis in the 
mid-twentieth century, combining the quantitative 
description of morphometric characters with statistical 
analyzes showing shape variations within and between 
groups. In this application, the set of quantitative 
variables such as the individual's length, width, and 
height are determined by multivariate statistical 
analyzes (Adams et al., 2004) and most of the variables 

are created by the development of Cartesian coordinate 
analysis methods of anatomical points (Slice, 2007). In 
modern morphometric studies using biometric methods, 
morphological diversity analyzes can be made according 
to the biological characteristics of the individual. These 
analyzes allow the systematic classification of the 
organism and the determination of the founder effect 
within a particular species, family, or population 
(Hockaday et al., 2000). 

The Northeast Mediterranean was influenced by the 
migration of aquatic organisms originating from the 
Indian Ocean and the Red Sea with the opening of the 
Suez Canal in 1869, which connects the Mediterranean 
Sea to the Red Sea for the purpose of international 

http://publish.mersin.edu.tr/index.php/aus/index
http://publish.mersin.edu.tr/index.php/aus/index
https://orcid.org/0000-0002-8260-2050
https://orcid.org/0000-0002-2925-0332
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maritime trade (Por, 1978; Golani, 1998; Galil, 2000). 
The establishment of populations by migratory non-
native species in the Eastern Mediterranean has brought 
a dynamic structure to the ecosystem and biodiversity 
has changed significantly. Opportunistic invasive species, 
which are among these species, are common to the food 
and habitat of native species, as well as causing adverse 
effects on ecological balance and fisheries as some 
species as predators (Zibrowius, 1994). The similar 
ecological character of the Northeast Mediterranean with 
the Red Sea increases the migration of the species. The 
Mediterranean coasts of Turkey have high nutrient 
content due to the abundant freshwater inflow, 
especially Mersin, Iskenderun, and Antalya Bays, due to 
the wide continental shelf, constitute important 
spawning areas. It has made the coast of our country the 
main migration route of migratory species (Golani, 
1999). 

There are also economically important and 
consumable species among the Lessepsian fish 
migrations. N. randalli, a demersal fish species belonging 
to the Nemipteridae family of the order Perciformes, has 
been recorded as one of the economically important 
species populating the coasts of Turkey. It is known that 
the species lives on sandy and muddy surfaces between 
22-450 m depths of tropical waters and generally feed on 
crustaceans, mollusks, and small fish. Records of N. 
randalli from different regions have been reported in the 
Northeastern Mediterranean Sea. The continuity of its 
spread and the fact that each new population is formed 
from the group that left the previous population can 
cause variations between populations. 

The feeding habits (Gürlek et al. 2010), age and 
growth relationships (Ergüden et al. 2010; Innal et al. 
2015; Demirci et al. 2020), length-weight relationships 
(Erguden et al. 2010), the relationship between length 
and otolith size (Uyan et al. 2019), reproductive 
characteristics (Demirci et al. 2020 and Innal et al. 2015; 
Yazici et al. 2020) of the species from the Northeast 
Mediterranean. However, there are limited studies on 
morphometric characters. 

In this study, it was aimed to analyze the possible 
differentiation between populations of N. randalli 
sampled from Iskenderun, Mersin, Silifke, Anamur, and 
Antalya on the Mediterranean coasts of Turkey, using the 
modern morphometric method. 

 
2. MATERIAL AND METHOD 

 
N. randalli was examined as material in this study. 

The economic importance and the origin and 
contribution to fisheries of N. randalli were taken into 
account in the selection of materials. Fish were 
purchased dead from trawler fishing boats from Antalya, 
Anamur, Silifke, Mersin, and Iskenderun. The migration 
route has been taken into account in the selection of the 
stations where the fish are sampled. 

Fifty samples were taken from each station 
determined in the research and brought to Mersin 
University Fisheries Faculty Processing Technology 
Laboratory with a portable icebox. After determining the 
weight and total length of the samples brought to the 
laboratory, their photographs were taken by placing a 

millimetric ruler next to them on a white background. 
Photographs of each individual were uploaded to the 
BioMorph program and 14 different morphometric 
points were marked on them. With the help of these 
points, total length (TL), fork length (FL), head length 
(HL), eye diameter (ED), preorbital length (POL), body 
width (BW), dorsal fin base (DFB), predorsal length 
(PDL), anal fin base (AFB), preanal length (PAL), pectoral 
fin length (PFL), and caudal peduncle height (CPH) were 
measured (Figure 1). 

 

  
Figure 1. Points determined for morphometric 
measurements in the BioMorph program (C1 and C2 
points were used for calibration) 

 
The calibration value was taken as 1 cm (C1-C2; 

Figure 3.3.1) and the length between these points was 
measured using the BioMorph program. A linear (y = ax 
+ b) regression model was used to determine the 
equations describing the relationships between 
morphometric characters and total length and head 
length. In calculated equations, 'y' is the dependent 
variable (morphometric character), 'x' is the 
independent variable (total length), and 'a' and 'b' are 
constants. To describe these relationships, the model 
with the highest coefficient of determination (r2) was 
chosen. 

The allometric growth equation W(i)=a ×(L(i))b was 
used to examine the length-weight relationship of N. 
randalli sampled from five different populations (Ricker, 
1975). Here, W(i): the total weight of each fish (g), L(i): 
the total length of each fish (cm), a and b are the 
relationship parameters, and a: a constant related to 
growth (where the line cuts the weight axis). point), b: is 
a constant (slope of the line) that represents growth and 
is calculated with the formula ln[W(i)] = lna + b× ln[L(i)]. 

Fulton's condition factor was used to compare the 
conditions of individuals belonging to N. randalli 
sampled from a different population, and the formula 
CF=W/L^3 x100 was used to calculate the condition 
factor (Froese, 2006). Here, CF is the condition factor, W 
is the bodyweight of the fish (g), L is the total length of 
the fish (cm). 

The meristic characters of the species were 
determined separately for each individual and compared. 
The characters used in meristic measurements were D 
(Dorsal fin ray number), Pel (Pelvic fin ray number), Pec 
(Pectoral fin ray number), A (Anal fin ray number), 
Lateral line scale number was determined. 

Principal Components Analysis (ABA), Intercluster 
Correlation Analysis (CCI), and Univariate Analysis of 
Variance (VA) were used in the multivariate analyzes of 
the individuals measured. Related calculations were 
made with SPSS and Excel package programs. 
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3. RESULTS  
 

A statistical difference was found between the 
populations in terms of morphometric measurements 
determined in the study (p<0.05) (Table 1). It was 
determined that Antalya and Iskenderun populations 
were similar in terms of some morphometric characters. 
It was determined that the head length, eye diameter, 
predorsal length, and anal fin base had the highest values 
in the Mersin population while the other morphometric 
characters had the highest value in the Silifke population.  

There is no distinction between populations in 
terms of some meristic characters of individuals sampled 
from determined stations. Fin ray numbers of the 
samples used in study D: X+9-10; A:III+7-8; Pel:I+5; 
Pec:16-17, the number of lateral line scales was 
determined as 44/47. 

The results of the analysis of variance applied to the 
values obtained by taking the % of the total length ratio 
within each population of the determined morphometric 
characters were determined (Table 2). 

In the study, some morphometric characters of N. 
randalli were determined to have a positive linear 
correlation in Antalya, Anamur, Silifke, Mersin, and 
Iskenderun populations (p<0.001), however, it was 
determined that the correlation between preorbital 
length, dorsal-fin base, anal fin base, eye diameter, and 
total length showed a weak positive correlation in Mersin 
population. 

The length-weight relationship of different 
populations was determined and the range of the r2 
value was determined as 0.90-0.99 among the 
populations (p<0.001). The b value of the populations 
was found in the range of 2.25-3.0. Negative allometric 
growth was observed in Antalya, Mersin, and Iskenderun 
populations, and isometric growth in Anamur and Silifke 
populations (Table 3). The length-weight relationship 
graph of the studied population of N. randalli is shown in 
Figure 2. 
 

 
Table 1. Average of some morphometric characters determined in individuals belonging to different populations of N. 
randalli sampled from the Turkish coasts 

Morphometric 
Characters (mm) 

Antalya Anamur Silifke Mersin Iskenderun 
�̅�𝑥 ± 𝑆𝑆𝑆𝑆 �̅�𝑥 ± 𝑆𝑆𝑆𝑆 �̅�𝑥 ± 𝑆𝑆𝑆𝑆 �̅�𝑥 ± 𝑆𝑆𝑆𝑆 �̅�𝑥 ± 𝑆𝑆𝑆𝑆 

TL 172.96±3.63 a 183.26±6.17 a 212.56±6.76 c 196.81±3.44 b 173.08±2.88 a 

FL 155.32±3.45 a 163.84±5.29 a 197.71±6.00 c 178.07±3.29 b 156.65±2.53 a 

HL 41.38±1.08 a 41.87±1.49 a 46.37±1.39 a 46.93±4.12a 42.40±0.88 a 

ED 12.85±0.45 a 13.51±0.42 ab 14.39±0.44 ab 17.24±3.00 b 11.75±0.24 a 

BW 45.55±1.28 a 48.19±1.78 ab 58.02±2.27 c 50.86±0.98 b 46.93±1.42 ab 

DFB 68.75±1.86 a 74.14±2.73 a 89.71±3.08 b 74.17±6.52 a 68.27±5.25 a 

PDL 54.09±1.46 a 54.36±1.53 a 63.82±1.81 ab 72.12±6.12 b 58.47±5.05 a 

PFL 45.31±1.69 a 50.04±1.73 ab 56.32±2.26 b 48.70±4.13 a 47.87±1.14 a 

AFB 25.15±0.69 a 28.09±1.08 a 34.71±2.14 ab 40.02±6.98 b 31.38±4.49 ab 

PAL 92.58±2.01 ab 95.01±3.28 ab 111.14±3.46 c 100.02±6.18 b 86.29±3.85 a 

CPH 13.98±0.26 a 14.53±0.41 a 16.99±0.50 c 15.70±0.33 b 14.20±0.36 a 

�̅�𝑥 ± 𝑆𝑆𝑆𝑆: Arithmetic mean ± standard error; The letters a,b,c indicate the statistical separation between the data. Statistical discrimination 
is at the p<0.05. 
 
Table 2. Statistical differentiation (%) of N. randalli sampled from the Turkish coasts among different populations in 
terms of some morphometric characters (FL: Fork Length, TL: Total Length, HL:Head Length, ED: Eye Diameter, BH: Body 
Height, DFB: Dorsal Fin Base, PDL: Predorsal Length, PFL: Pectoral Fin Length, AFB: Anal Fin Base, PAL: Preanal Length, 
CPH: Caudal Peduncle Height). 

Populasyon FL/TL BH/TL ED/HL BH/TL DFB/TL PDL/TL PFL/TL AFB/TL PAL/TL CPH/TL 
�̅�𝑥 ± 𝑆𝑆𝑆𝑆 �̅�𝑥 ± 𝑆𝑆𝑆𝑆 �̅�𝑥 ± 𝑆𝑆𝑆𝑆 �̅�𝑥 ± 𝑆𝑆𝑆𝑆 �̅�𝑥 ± 𝑆𝑆𝑆𝑆 �̅�𝑥 ± 𝑆𝑆𝑆𝑆 �̅�𝑥 ± 𝑆𝑆𝑆𝑆 �̅�𝑥 ± 𝑆𝑆𝑆𝑆 �̅�𝑥 ± 𝑆𝑆𝑆𝑆 �̅�𝑥 ± 𝑆𝑆𝑆𝑆 

Antalya 89.79± 
0.51a 

23.96± 
0.53bc 

31.07± 
0.74c 

26.31± 
0.35a 

39.70± 
0.38a 

31.29± 
0.58ab 

26.18± 
0.77a 

14.53± 
0.17a 

53.53± 
0.37ab 

8.10± 
0.13a 

Anamur 89,44± 
0,45a 

22.92± 
0.63ab 

32.49± 
1.24c 

26.29± 
0.38a 

40.43± 
0.37bc 

29.76± 
0.57a 

27.38± 
0.80a 

15.32± 
0.27ab 

51.85± 
0.48a 

7.94± 
0.07a 

Silifke 90.68± 
0.33a 

21.96± 
0.77a 

30.98± 
0.60c 

27.60± 
1.30a 

42.27± 
1.05c 

30.10± 
0.58a 

26.44± 
0.46a 

16.20± 
0.70b 

52.34± 
0.63a 

7.99± 
0.07a 

Mersin 90.47± 
0.29a 

25.88± 
0.76c 

28.06± 
0.60b 

25.90± 
0.62a 

42.26± 
0.90c 

32.10± 
0.56b 

24.57± 
1.93a 

15.27± 
0.32ab 

55.01± 
1.06b 

7.98± 
0.08a 

Iskenderun 90.52± 
0.44a 

24.53± 
0.53bc 

27.73± 
0.41a 

27.11± 
0.66a 

42.37± 
1.73c 

30.91± 
0.38ab 

27.68± 
0.60a 

15.66± 
0.30ab 

52.82± 
0.73a 

8.20± 
0.15a 

Duncan; The letters a, b, c indicate the statistical separation between stations for each group. Statistical discrimination is at the p<0.05. 
x ̅±SE:Arithmetic mean ± Standard error 
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Table 3. Length-weight relationship of different populations of N. randalli sampled from the Turkish coast 
 Total Lengthn (mm) Weight (g) W=a x TLb 

Populations N Min-max Min-max a b 95% CI (b) r2 

Antalya 50 156-190 43.06-78.00 0.0240 2.75 2.70-2.79 0.90 
Anamur 50 150-210 46.53-111.5 0.0126 3.00 2.93-3.06 0.96 
Silifke 50 190-235 93.44-173.62 0.0140 3.00 2.16-3.84 0.97 
Mersin 50 179-215 80.60-119.21 0.0007 2.25 2.20-2.30 0.98 
Iskenderun 50 153-189 58.43-82.30 0.0004 2.34 2.32-2.36 0.99 

N: number of samples, a: intercept, b: slope, r2: coefficient of determination, CI: Confidence Interval 
 

 
Figure 2. Length-weight relationship graph of the studied population of N. randalli 
 

The mean of condition factor values of N. randalli 
was calculated as 1.21 in the Antalya population, 1.29 in 
the Anamur population, 1.36 in the Silifke population, 

1.32 in the Mersin population, and 1.28 in the Iskenderun 
population.  
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4. DISCUSSION  
 
Some morphometric characters of different 

populations of N. randalli were compared with previous 
studies. The maximum total length of N. randalli known 
in a previous study was reported as 25.0 cm (Gürlek et 
al., 2010). The highest total length among the 
populations examined in this study was found 23.5 cm 
from Silifke. It is consistent with the highest total length 
reported by Ali et al. (2013) from Syria (Table 4).  

Since morphometric characters may vary depending 
on individual differences, environmental factors, age, and 
sex, the total length ratio of morphometric characters can 
be determined and the comparison of proportional 
values allows to obtain reliable results. The total length 
ratio of some morphometric characters of N. randalli was 
determined and compared with the different populations 
studied present and with previous studies (Table 5). 

No distinction was found between the populations 
of N. randalli in terms of some meristic characters. Fin 
ray numbers of the samples examined in the study was 
D: X+9-10; A:III+7-8; Pel:I+5; Pec:16-17, the number of 
lateral line scales was determined as 44/47, which is 
consistent with previous studies (Lelli et al., 2008; Ali et 
al., 2013; Akyol & Aydın, 2016). 

The positive linear correlation was found in some 
morphometric measurements in different populations of 
N. randalli except for preorbital length, dorsal-fin base, 

anal fin base, eye diameter, and total length were shown 
weak positive correlations in the Mersin population 
(p<0.001). Yazici et al. (2020) stated that some 
morphometric characters of N. randalli sampled from the 
Iskenderun Bay had positive regressions with total 
length, and the relationship between head length and 
total length showed the highest correlation among the 
morphometric characters examined. These research 
findings are consistent with previous research findings. 

The length-weight relationships of N. randalli from 
Antalya, Mersin, and Iskenderun were shown negative 
allometric growth while from Anamur and Silifke were 
found isometric growth. Silifke has a rich nutritional 
content due to the nutrient salts carried by the Göksu 
River. This may have allowed the Silifke population to 
show isometric growth. Anamur population showed a 
similar growth relationship with the Silifke population. 
This may be due to the fact that Anamur and Silifke, 
unlike other study areas, are less affected by 
anthropogenic factors and thus provide suitable habitat 
and food. On the other hand, it can be thought that these 
two populations may have similar characteristics in 
terms of founder effect. The comparison of the 
determined length-weight relationships of different 
populations of the species with previous studies is 
presented in Table 6. 

 

 
 

Table 4. Comparison of some morphometric characters of N. randalli sampled from different populations of Turkish 
coasts with previous studies (mm). 

 
Antalya Anamur Silifke Mersin Iskenderun Bilecenoğlu and 

Russell, 2008 
Iskenderun Bay 

Ali et al., 
2013 
Syria 

Gülşahin 
and Kara, 

2013 
Gökova Bay 

Aydın and 
Akyol, 2016 

Izmir Bay min-max 

TL 190.2-156.0 150.1-210.0 190.1-235.0 179.4-215.6 153.2-189.0 73.8-102.9 151-233 179-225 183 
FL 136.3-185.1 135.3-200.0 170.1-232.1 159.9-192.8 143.2-168.0 - - 164-208 157 
HL 37.1-49.9 35.3-55.1 40.3-53.8 40.8-60.2 37.0-47.8 23.5-33.1 40-58 46.6-61.5 43 
ED 10.4-17.3 11.5-15.6 11.4-16.4 12.2-15.6 10.5-13.3 7.4-8.9 12-15 13.6-18.7 13 
BH 37.5-59.1 42.0-59.5 50.2-72.2 44.6-59.7 42.5-51.0 24.2-35.4 37-58 22.5-65.4 47 
DFB 58.7-83.7 57.1-92.0 76.6-110.3 67.9-90.0 63.5-79.3 36.3-51.7 60-97 - - 

   PDL 44.7-68.2 46.0-65.7 53.9-74.1 55.2-71.9 39.2-67.7 24.3-32.6 41-61 - 42 
PFL 33.9-59.9 39.0-60.2 51.3-65.0 38.7-60.2 41.9-52.1 19.1-27.0 40-64 17-50.2 - 
AFB 21.7-30.6 21.5-34.2 23.4-50.7 27.1-34.6 24.4-31.1 14.1-19.1 22-37 - - 
PAL 78.5-105 77.8-114.7 97.1-131.3 98.5-121.9 80.4-98.4 45.5-61.8 78-122 - 90 
CPH 16.6-12.2 12.1-17.6 15.1-20.3 13.6-17.1 12.7-16.0 8.5-11.3 17-26 8.15-21.8 - 

 
 

Table 5. The comparison of the total length ratio (%) of some morphometric characters among different populations of 
N. randalli sampled from the Turkish coasts with previous studies 

 Present study Russell, [11] Aydın and 
Akyol, [30] Antalya Anamur Silifke Mersin Iskenderun 

FL/TL 89.79 89.44 90.68 90.47 90.52 87.4 85.8 
HL/TL 23.96 22.92 21.96 25.88 24.53 23.7 23.5 
ED/HL 31.07 32.49 30.98 28.06 27.73 27.5 30.2 
BH/TL 26.31 26.29 27.60 25.90 27.11 26.5 25.7 
PDL/TL 31.29 29.76 30.10 32.10 30.91 24.8 23.0 
PFL/TL 26.18 27.38 26.44 24.57 27.68 25.0 - 
PAL/TL 53.53 51.85 52.34 55.01 52.82 48.9 49.2 
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Table 6. The comparison of the length-weight relationships of different populations of N. randalli with previous studies. 
 W=a x TLb 

Populations  Total Length (mm) a b r2 

Antalya Present study 156-190 0.0240 2.75 0.90 
Anamur Present study 150-210 0.0126 3.00 0.96 
Silifke Present study 190-235 0.0140 3.00 0.97 
Mersin Present study 179-215 0.0007 2.25 0.98 
Iskenderun Present study 153-189 0.0004 2.34 0.99 
Indian Coast Murty, (1982) - 0.0223 2.88 - 
Iskenderun Bay Erguden et al. (2010) 48-215 0.0011 3.06 0.98 
Israeli Coast Edelist, (2014) - 0.0101 3.08 0.97 
Gulf of Oman Al-Kiyumi et al., (2014) - 0.0135 3.06 0.94 
Antalya Bay Ozvarol, (2014) 95-220 0.0120 2.97 0.93 
Antalya Bay Innal et al., (2015) 60-240 0.0105 3.04 0.98 
Pakistani Coast Kalhoro et al., (2017) - 0.035 2.74 0.97 
Tamil NaduPortonovo Bandana et al., (2017) 130-259 0.0309 2.67 0.81 
Gökova Bay Ateş et al., (2017) - 0.0201 2.98 0.96 
Gökova Bay Uyan et al., (2019) 108-219 0.0171 2.92 0.96 
Iskenderun Bay Demirci et al., (2020) 77-210 0.0106 3.09 0.97 
Antalya Bay Özen and Çetinkaya, (2020) - 0.0173 2.85 - 

 
The b value of N. randalli has been reported in 

previous studies ranged from 2.86 to 3.09 (Murty, 1982; 
Turan, 1999; Ergüden et al., 2010; Gürlek et al., 2010; Al-
Kiyumi et al., 2014; Edelist, 2014; Ozvarol et al., 2014; 
Innal et al., 2015; Ateş et al., 2017; Kalhoro et al., 2017; 
Bandana et al., 2017; Uyan et al., 2019; Demirci et al., 
2020; Özen et al., 2020; Yazıcı et al., 2020), in the present 
study it was found to be between 2.25 and 3.0. The 
reason why the species shows different growth 
characteristics may vary according to the sampling 
region, sampling tool, sampling time, sampling 
frequency, nutrient abundance, and other environmental 
factors. 

 The length-weight relationship of N. randalli in 
Antalya Bay was determined as W=0.08xTL3.1365 
(r2=0.97) in females and W= 0.0079xTL3.1498 (r2=0.98) 
in males and positive allometric growth has been 
reported (Innal et al., 2015). Özvarol (2014) reported 
that the length-weight relationship of N. randalli in 
Antalya Bay was determined as W= 0.0120xTL2.9750 
(r2=0.93) and the species showed negative allometric 
growth. In another study from Antalya Bay, the length-
weight relationship of the species was reported as 
W=0.0173×TL2.8584 (Özen & Çetinkaya, 2020). In the 
present study, the length-weight relationship of N. 
randalli from Antalya was determined as 
W=0.0240xTL2.75 (r2=0.90), and it was determined that 
the species showed negative allometric growth that is 
consistent with Özvarol (2014) and Özen & Çetinkaya 
(2020). 

The growth parameters of the species previously 
reported from Anamur, Silifke, and Mersin could not be 
reached. In this study, the length-weight relationship 
were found as from Anamur W=0.0126xTB3.00 
(r2=0.96), from Silifke W=0.0140xTB3.0 (r2=0.97) and 
from Mersin W=0.0007xTB2.25 (r2=0.98). It was 
determined that the species showed isometric growth in 
Anamur and Silifke while negative allometric growth in 
Mersin and the findings are the first recorded growth 
records for the species from the Anamur, Silifke, and 
Mersin regions. 

The length-weight relationship of the Iskenderun 
was determined as W= 0.0004xTB2.34 (r2=0.99) in 
present study. The previous research findings from 
Iskenderun Bay notified the growth relationships of N. 
randalli as W= 0.013xTB2,687 (r2=0.978) (Ergüden et 
al., 2009), W= 0.0011xTB3.061 (r2=0.982) (Gürlek et al., 
2010), W= 0.00106xTB3.09 (r2 =0.97) (Demirci et al., 
2020). Negative allometric growth was found in present 
study from Iskenderun and the result was consistent 
with Erguden et al (2010). 

Other studies reporting the growth characteristics 
of the species on the Turkish coast are presented from 
the Gulf of Gökova (Ateş et al., 2017; Uyan et al., 2019). 
Ateş et al., (2017) found the length-weight relationship of 
N. randalli in Gökova Bay as W=0.0201xL2.98(r2=0.96), 
Uyan et al., (2019) found W=0.0171xL2.92 (r2=0.92). 
Both studies reported showing negative allometric 
growth of N. randalli. 

In the Gulf of Oman, the length-weight relationship 
of N. randalli was determined as W=0.0109xL3.1569 in 
female individuals and W=0.0066xL3.3247 in male 
individuals, and it was reported that the species showed 
positive allometric growth. Edelist (2013) where the 
species showed positive allometric growth (b=3.08) on 
the coast of Israel, Edelist (2014), however, it showed 
negative allometric growth from the coast of Pakistan 
(Kalhoro et al., 2017) and the coast of East Indian 
Portonova (Swagat et al., 2017) has been reported. 

In this study, it was determined that the species has 
isometric growth in Anamur and Silifke populations, and 
negative allometric growth in Antalya, Mersin, and 
Iskenderun populations, and the b value in Mersin and 
Iskenderun populations is outside the range of 2.5-3.5 
commonly reported for bony fish (Teleost) by Froese 
(2006). The distinction between the populations 
examined in this study can be explained by changing 
environmental factors, as well as intra-species and inter-
species competition for food and habitat. Among the 
sampling areas selected in the study, Iskenderun, Mersin, 
and Antalya regions are more affected by anthropogenic 
factors. This can cause changes in growth characteristics 
due to stress on populations. 
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The distinction between populations studied in 
present and previous studies may vary depending on fish 
size, the female-male ratio in the population, habitat 
conditions, sampling time and sampling method, and 
nutritional status of individuals (Innal et al., 2015). 

The slope b value varied greatly between 
populations of N. randalli. It has been reported that the b 
value of Nemipterus species in the world varies between 
2.63 and 3.28, and it has been stated that the separation 
between populations may depend on the season, 
geographical conditions such as the sampling region, as 
well as conditions such as limited food availability, 
disease and parasite loads (Bagenal & Tesch, 1978). 

The condition factor values of N. randalli sampled 
from the Turkish coasts were between 1.92 and 3.77 in 
the present study. It has been reported that the range of 
condition factor values determined in a study conducted 
in Antalya Bay is 1.089 and 1.346 (Innal et al., 2015). It 
was emphasized that the condition factor of the species 
was high during the spawning season and these values 
decreased after the spawning took place. According to 
44, performing the sampling during the spawning period 
of the species may explain the high condition factor due 
to gonad development. 

There was a distinction between the populations in 
terms of the parameters examined in the present study. 
The distinction may be a result of the founder effect as 
well as ecological factors. This can be determined by 
genetic studies to be conducted with N. randalli. 

 
5. CONCLUSION 

 
It was reported that N. randalli is increasing along 

the northeastern Mediterranean coast, especially in the 
Iskenderun Bay, where fishing activities are important. It 
is estimated that the growth in the population of the 
species may place prey pressure on the economically 
important local species (Demirci et al., 2020). It is 
thought that the determination and management of 
successful species such as N. randalli among the alien 
species that joined the Eastern Mediterranean through 
tropical migration, and the relationship between local 
species and other migrating alien species will affect 
ecological change as well as fishing activities (Fox & 
Copp, 2014). 

Each new population that the species establishes on 
the migration route may cause loss of genetic diversity 
and genetic variations due to its founding effect. Genetic 
diversity allows the species to adapt to the new 
environment. Its success in increasing new populations 
established in different habitats shows that N. randalli 
has genetic diversity. The weakening of gene variations 
of the species during adaptation to new habitats, and the 
success of adaptation may cause them to need anatomical 
changes. Increasing genetic diversity within a population 
will allow for increased variation selected from the most 
compatible alleles. Genetic variation also indicates 
mutation. Genetic drift that occurs in this way is one of 
the basic mechanisms of the evolutionary process and is 
important for the evolutionary development process of 
the species. In this study, the morphometric differences 
between different populations of N. randalli can be 
explained by the founder effect. 

The distinction between the populations of the 
species may also be influenced by various factors such as 
ecological factors, developmental stage, prey-predator 
relationship, amount of food, the male-female ratio in the 
population, fishing pressure, and hunting method. 
Studies have shown that when the growth parameters of 
N. randalli are examined, it shows rapid growth and is 
less affected by prey pressure than species with similar 
growth characteristics (Demirci et al., 2020). 

Finally, the finding of more than one record of N. 
randalli living in warm and salty waters in the Aegean Sea 
suggests that it can easily adapt to colder and lower 
salinity waters and establish populations. These data also 
confirm the hypothesis that tropical origin species 
migrated westward (Zenetos et al.,2008). 
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 This research was carried out to reveal the histopathological changes in the gill tissues of ecto 
parasites found in the Poecilia reticulata species belonging to the Poecilidae family in an 
aquarium fish farming enterprise in Mersin. The investigation revealed that five parasites 
were present in the fish classified as Chilodonella hexasticha, Ichtyobodo necator, Trichodina 
sp. Gyrodactylus bullatarudis and Dactylogyrus extensus. In the histopathological examination 
of gill tissue samples prepared from parasitic fish, it was determined that the parasites were 
located between the gill lamellae and edema, hyperplasia, and hyperplastic areas developed 
in the epithelium. 

 
 

 
 
 
 

1. INTRODUCTION  

It is estimated that the aquarium fish industry has a 
market of around 900 million dollars worldwide (Evans 
and Lester, 2001). In recent years, great developments 
have been observed in aquarium fish production in 
Turkey. There have been significant increases in the 
number of goldfish producing farms and aquarists selling 
them. In almost every city in Turkey, there are many 
businesses selling aquarium fish, amateur and a small 
number of professional aquarium fish breeders (Alpbaz 
1984: 163-193). 

It is known that there are about 1000 ornamental 
fish species trading into the aquarium sector globally. 
Most of them are freshwater species. Poecilidae family 
that lives in freshwater has an important place among 
aquarium fish trading in the world (Yanar, 1998). 
Poecilia reticulate (Peters,1859), which belongs to the 
family Poecilidae, is a species originating from South 
America and is widely produced all over the world and 
has an important place among aquarium fish (Bassler, 
1996:1- 267; Riehl & Baensch, 1996: 1-991; Evans, vd. 
2001: 51-55). 

Recently, aquarium fish are cultured mainly in 
Southeast Asia and exported from there to many parts of 
the world. In many countries where aquarium fish are 
imported, appropriate quarantine methods are 
neglected, and as a result, imported fish die due to 

parasitic infections during their transport or just after 
completing their transport. Great economic losses occur 
when they are included in the natural species (Şahin, 
2004: 1-127). 

If the stock density of fish in aquariums is high and 
the water quality is not suitable, a parasite that can enter 
the aquarium multiplies in a short time and cause high 
mortality rates (Al.pbaz, 1984:163-193). Problems 
caused by ectoparasites have an important place among 
aquarium fish diseases (Schperclaus, 1992: 1-707; 
Cengizler, 2000:1-136). Flagellates, ciliates and amoebae 
from protozoa parasites, trematodes, crustaceans, 
annelids and mollusks from metazoan parasites have 
been reported as ectoparasites in fish. The general effects 
of these parasites have been identified as irritation of the 
epithelial surfaces by increasing mucus production, the 
destruction of mucus cells, gill damage and respiratory 
distress due to the number of parasites (Southgate, 
1993:1-447). In histopathological examinations, edema 
in the lamella, hypertrophy, hyperplasia, degeneration 
and necrosis in epithelial cells were determined 
according to the degree of irritation. 

This investigation aimed at determining the 
ectoparasites encountered in the Poecilia reticulate 
(Peters,1859) species and the histopathological changes 
caused by these parasites in the gill tissues of the fish in 
an aquarium fish farming enterprise located in Mersin. 
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2. MATERIAL and METHOD 
 
Guppy fish samples used in this study were obtained 

from an enterprise engaged in aquarium fish farming in 
Mersin. During the research, a total of 120 fish of 
different ages and sizes, with an average of 10 fish per 
month, were examined for ectoparasites. 

The fish to be examined were brought to Mersin 
University Faculty of Fisheries Diseases Laboratory, and 
the total length and weight of the fish were recorded 
before starting the parasite examination. In addition, the 
water temperature, pH and oxygen determinations were 
measured with the Orbego-Hellige brand water 
parameter meter by visiting the facility every month. 

Protozoa living in fish as ecto parasites left the fish 
shortly after the fish died, so the fish were studied live. 
The gills of the individual fish used in the study were 
examined under a stereo microscope fallowing an 
examination macroscopically. The gill leaves, numbered 
1, 2, 3, 4 from the outside to the inside, were cut with fine 
scissors in the order of operation and taken on a slide. 
The scraping preparations taken from the gills were 
diluted with ambient water and examined under a 
binocular microscope with a coverslip covered. 

The parasites detected in the prepared preparations 
were fixed in 70% ethanol and kept for a while, and the 
parasites in the unit area were counted and recorded. 
Then the parasites were made into permanent 
preparations for storage. In the identification of 
Trichodina specimens, the gills, which were placed on a 
slide and dried in air, were detected using the Klein's 
silver impression method (Lom & Dykova 1992:1-26). 
Ichtyobodo necator specimens were stained with 
heamatoxylin for the determination of the types of 
parasites according to Thomas&Wellborn 1967:399-412, 
Lom 1970:153-177, Hoffman 1979: 153-157, Özer 1995: 
441-454, Dove, vd.1998: 1755-1764., Martins vd.2012: 
281-286 . 

Histopathological sections were taken from the gills 
of infected fish and these sections were stained according 
to hematoxylin-eosin (H&E) staining methods and 
examined histopathologically (Ferguson, 1989: 1-260, 
Takashima &Hibiya, 1995: 1-195). 

 
3. RESULTS  
 

Parasites determined in this investigation were; 
Chilodonella hexasticha Kiernik, 1909 (Protozoa: 
Chlamydodontidae: Chilodonella), Ichtyobodo necator 
Henneguya, 1884 (Protozoa: Bodonidae: Ichtyobodo) 
Trichodina sp. Ehrenberg 1831 (Protoazoa: 
Urceolariidae: Trichodina), Gyrodactylus bullatarudis 
Turnbull, 1956 
(Monogenea:Gyrodactlidae:Gyrodactylus), Dactylogyrus 
extensus Mueller and Van Cleave, 1932 
(Monogenea:Dactylogyridae): Dactylogyrus. 

In clinical examination and autopsy findings, It was 
observed that fish had difficulty in breathing trying to 
breathe on the water surface and the gills were covered 
with a dense mucus layer having a dark color and 
bleeding appearance compared to that of normal fish. 
Tears and ruptures were also spotted in the gill filaments, 
causing the edges of the gill filaments grayish. The 

operculum of fish was found open during the 
examinations. 

In the histopathological examination of the gills; It 
was determined that the parasites settled between the 
gill lamellae (Figure 1, 2, 3) and hyperplastic areas 
developed in the lamellae (Figure 4). Edema and 
hyperplasia of the gill epithelium were also detected 
(Figure 5). 

 

 
Figure 1. The image of Trichodina sp. on gill filaments 
(H&E). (Scale bar=50µm) 

 

 
Figure2. The image of D.extensus on gill filaments(H&E). 
(Scale bar =100µm.) 

 

 
Figure 3. The image of G.bullatarudis on gill 
filaments(H&E).(Scale bar=100µm.) 
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Figure 4. Hyperplastic areas in the gills (H&E) (Scale bar 
=100µm.) 
 

 
Figure 5. Hyperplasia of the gill epithelium(H&E).(Scale 
bar=100µm.) 
 
4. DISCUSSION and CONCLUSION 

 
The increase in parasitic diseases in aquarium fish 

farming has become an important issue that has reduced 
production, especially in recent years. Parasites, directly 
or indirectly, damage fish at different rates and cause 
intense mortality rates. Parasites cause damage to the gill 
tissue with their attachment organs such as hooks, claws 
and suckers, and prepare a suitable environment for the 
entry and reproduction of microbial disease agents. It is 
necessary to know well the biological characteristics of 
this infestation mechanism by way of understanding the 
cycle, the histopathological damage that the parasite 
causes and the selection of attachment area of the 
parasite in fish. (Kabata 1985: 1-318; Grabda 1991:1-
306; Hibiya, 1992: 1-145 ). 

This research was able to identify five species of 
parasites as Chilodonella hexasticha, Ichtyobodo necator, 
Trichodina sp., Gyrodactylus bullatarudis and 
Dactylogyrus extensus. In addition, the clinical 
appearance and autopsy findings of these parasite 
species were also investigated.  

Miyazaki et al. (1986) reported that Ichtyobodo 
necator generally causes swelling in the gill filaments and 
causes increased mucus secretion in fish. 
Histopathological changes caused by Ichtyobodo species 
as hyperplasia of epithelial cells in inter lamellar regions, 
fusion of gill filaments and intense fusion of lamellae. In 
this study, on the histopathological examination of the 
gills of fish, it was determined that I. necator parasites 
settled between the gill lamellae and hyperplasia 
developed in the gill flaments. 

Studies by the authors have shown that fish infected 
with the parasite C. hexasticha caused proliferation of the 
epithelial cells to settle between the secondary lamellae, 
which tends to clump together and dissolve. They also 
cause an increase in mucus and chloride cells. 
Hyperplastic epithelium may undergo dystrophic 
changes with enlargement of capillaries, edema, 
petechiae and hemorrhages (Paperna & Van As, 1983: 
441-459, Shariff, 1984: 69-75, Langdon vd., 1985: 409-
413). In this study, it was determined that the parasites 
settled between the gill lamellae and hyperplastic areas 
developed in the gills. In addition, edema and hyperplasia 
were detected in the gill epithelium. 

Kayis et al. (2013) Trichodina sp. was found in the 
gills of severum (Heros efascatus) and both in the gills 
and skin of the yellow princess in Turkey. Kerek and 
Özdemir (2016) also detected Trichodina sp. in goldfish 
and in guppies. Özer, (1995) reported that Trichodina sp. 
caused gray bluish discoloration due to excessive mucus 
secretion and peeled epithelial tissue, especially in heavy 
infestations. Trichodina species cause epithelial 
hyperplasia between gill lamellae, and may also cause 
epithelial shedding in gill filaments (Lom & Holdar, 1977: 
193-210). As a result of the clinical examination of this 
study, trichodina sp was found in gill of guppy fish. Also 
autopsy findings it was determined that the gills of the 
fish had a dark, bleeding appearance compared to 
normal, ruptures in the gill filaments, and graying at the 
edges. 

Especially in heavy infestations of Gyrodactylus 
species; It has been reported that the gills are covered 
with a mucus mixed with dead tissue (Roberts, 1978, 
Kabata, 1985, Dove, et al.1998, Cone et al. 2011). 
Dactylogyrus species, on the other hand, cause intense 
mucus secretion, bruises and ulcers due to strong 
irritations in the gill filaments (Ribelin&Migaki 1975: 
117-143, Daghigh Roohi et al., 2019: 1-6.). Dactylogyrus 
and Gyrodactylus species also cause deformation in gill 
lamellae by hyperplasia of epithelial cells and mucus cells 
in the gills (Wootten 2012: 415-446, Kerek & Özdemir 
2016: 1-50, Durgun & Özdemir 2021: 145-157). In this 
study, It was determined that the parasites settled 
between the gill lamellae of the fish and hyperplasia 
developed in the gills.  

In this study, the guppy, the most preferred 
aquarium species in Mersin province was examined for 
its ectoparasites using microscopic and histopathological 
methods and the pathological changes caused by them 
were revealed. 
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 The European finless eel Apterichthus caecus was recorded from the Mersin Bay. One specimen 
was caught by a scoop net at a depth of 42 m on 20 June 2021 in the Taşucu coast, Turkey. A. 
caecus  is extremely rare in the eastern part of the Mediterranean Sea. However, this report is 
the fourth record from Turkish marine waters and the first record in the Mersin Bay 
(Northeastern Mediterranean, Turkey).  

 
 

 
 
 
 
 
 
 
 
1. INTRODUCTION  

The genus Apterichtus Duméril 1805 is represented 
with 21 valid species worldwide. This genus comprises 
two species in the Mediterranean, namely Slender finless 
eel Apterichthus anguiformis (Peters, 1877) and 
European finless eel Apterichthus caecus (Linnaeus, 
1758) (Froese & Pauly, 2021).  

A. caecus  was known from the western and eastern 
basins of the Mediterranean and the west coast of Africa 
(McCosker & Hibino, 2015). Golani (1996) reported a 
single specimen from the coast of Israel. Fricke et al. 
(2007) reported the occurrence of this species from 
Antalya as the first record from Turkish waters based on 
the collection of a single specimen. 

Although the occurrence of A. caecus  has been 
reported from Turkish marine waters in the 
Mediterranean Sea in previous years (Fricke et al., 2007; 
Gökoğlu et al., 2009; Ergüden et al., 2017), this species is 
extremely rare in the eastern part of the Mediterranean 
Sea. However, until now A. caecus  has not been reported 
with certainty from the Bay of Mersin. Thus, in the 
present paper, we report the first records of A. caecus 
from Mersin Bay, eastern Mediterranean Turkey. 

 
 

2. METHOD 
 
One specimen of A. caecus (Fig. 1 and Fig. 2). was 

collected by a scoop net at Mersin Bay, Taşucu coast of 
Turkey at a depth of 42 m on 20 June 2021 (Coordinates: 
36.12500°N 33.49230°E), (Fig. 3). This specimen was 
preserved in 4% formaldehyde and deposited in the 
Museum of the Marine Life, Mersin University, (catalog 
number: MEUFC-21-11-133). Morphometric 
measurements of the specimens were made to the 
nearest 0.01 mm using a digital caliper. All 
measurements, counts, morphological descriptions, and 
colors agree with the descriptions given by McCosker & 
Hibino (2015).   

 

 
Figure 1. Dorsal view of A. caecus from Mersin Bay 
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Figure 2. Head of A. caecus  

 

 
Figure 3. Sampling area 

3. RESULTS  
 

Body very elongated, almost round in cross-section. 
The posterior tip stiffened and pointed. Anterior nostril 
tubular. Posterior nostril with a distinct nasal fold 
located just in front of the upper lip. Gill opening ventral 
with delicate flap. Head length (HL) 6.3% of total length 
(TL), body depth 1.2% of TL. Pointed snout 15.3% of HL, 
small eye covered by a membrane 7.1% of HL, 
interorbital length 8.9% of HL.  

Color (fresh): dorsal surface beige, mouth black, 
ventral surface creamy-white, caudal tip a white. The 
historical captured record of the species in the 
Mediterranean Sea was documented in Table 1. Besides, 
this current specimen is also a fifth successive record 
from Mediterranean marine waters., 

 

 
Table 1. Records of A. caecus in the Mediterranean Sea in 1996-2021 

Author Year Location Country Depth (m) Sampling TL (cm) W (g) 
Golani 
(1996)  

1994 Levantine coast, 
Eastern 
Mediterranean 

Israel - - 24.2 - 

Fricke et al. 
(2007)  

Oct. 2005 Kaş, Antalya Bay Turkey 1 Surface 29.1 - 
 
 

Gökoğlu et al. 
(2009)  

Feb. 2007 Antalya Bay  Turkey 8 Scuba diving 
(Hand net) 

32.2 4.36 

Ergüden et al. 
(2017)  

March 
2015 

Cevlik coast, 
Iskenderun Bay 

Turkey 20 Trammel net 32.4 4.96 

This study June 2021 Tasucu coast, 
Mersin Bay  

Turkey 42 Scuba diving 
(Scoop net) 

44.6 53.54 

 
4. DISCUSSION  

 
European finless eel A. caecus is found in demersal, 

continental self, usually in the sand between 0 m and 85 
m (Leiby, 1990) and can reach up to 60 cm in TL 
(Bauchot, 1987). It commonly feeds on small fishes and 
benthic invertebrates.  

A. caecus has been confused with A. anguiformis 
during the last two centuries (Blache and Bauchot, 1972; 
Leib, 1990). Later, Blache and Bauchot (1972) was re-
analyzed the references for this species and revealed that 
these two species are different from each other. 
According to Blache & Bauchot (1972) A. caecus is 
distinguished from the other species, A. anguiformis, by 
having 135-138 vertebrae and a preanal distance of 40.5-
42.3% of the total length. However, A. anguiformis has a 
higher vertebral count (150-157 vertebrae) than A. 
caecus. 

In the present study, our measured specimen was 
44.60 cm in TL and 53.55 g in TW. Thus, this specimen 
was found longer and higher than the previous record 
that has been reported for all Mediterranean samples. 

 
 
 
 

5. CONCLUSION 
 
Consequently, A. caecus is rare in the eastern 

Mediterranean Sea. To date, A. caecus has never been 
recorded in Mersin Bay. This study reveals the fourth 
record from Turkish Mediterranean waters and the first 
record from the northeastern Mediterranean coast of 
Turkey. 
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 The Bandtooth conger Ariosoma balearicum was recorded from the Iskenderun Bay. One 
specimen was caught by a trammel net at a depth of 32 m on 13 February 2018 in the 
Konacık/Arsuz coast, Turkey. Another specimen was photographed at a depth of 10 m during 
a SCUBA diving expedition in Keldag/Cevlik (Iskenderun Bay) on 20 June 2018. A. balearicum 
is extremely rare in the eastern part of the Mediterranean Sea. This paper reporting two 
specimens confirms the occurrence of the species in Iskenderun Bay (Southern Mediterranean 
coast of Turkey) in addition to the present report is the first observation for this location in 
the Mediterranean coast of Turkey. 

 
 

 
 
 

 
 
 
 
 
 
 
 
 
1. INTRODUCTION  

The family Congridae is represented in the 
Mediterranean Sea by four genera as Arisoma, Conger, 
Gnathophis, and Rhynchoconger (Golani et al., 2006). The 
genus Arisoma Swainson 1838 is represented a single 
species in the Mediterranean, namely Bandtooth conger 
A. balearicum (Delaroche, 1809). A. balearicum is also 
known as the Baleares conger, the Balearic conger, or the 
Conger eel (IUCN, 2022).  

The bandtooth conger A. balearicum is found from 
the Northwest Atlantic, western Atlantic, and eastern 
Atlantic including the Mediterranean (Froese and Pauly, 
2022). Although Varezic et al. (2013) first reported of 
leptocephali of A. balearicum in the Adriatic Sea. This 
species is more common in its southern part, it never 
occurs in the extreme northern part of the Adriatic coast 
(Froese & Pauly, 2022).   

To date, the underwater observation record and 
caught specimen of A. balaericum has not been reported 
from the Eastern Mediterranean waters of Turkey. 
Although the occurrence of A. balearicum has been 
reported in checklist from Turkish marine waters in the 
Mediterranean Sea in previous years (Aksiray, 1987; 
Fricke et al., 2007). Previous studies have neither given 
any specific location nor any detailed information about 
the fish.  

A. balearicum is extremely rare in the eastern part of 
the Mediterranean Sea. However, until now A. balearicum 
has not been reported with certainty from the 
Iskenderun Bay (Southern Mediterranean coast of 
Turkey). This report, hence, is very important 
information since it is the first confirmed occurrence of 
A. balearicum and with detailed information about its 
presence from Iskenderun Bay, Eastern Mediterranean 
Turkey. 
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2. METHOD 
 
The first specimen of A. balaericum was captured in 

Konacık (Arsuz) coast (Coordinate: 36°21′N, 35°48′E), 
Iskenderun Bay on 13 February 2018. This specimen was 
caught on rocky bottoms, partially covered with algae 
and seagrass, by a trammel net of 22 mm mesh size (Fig. 
1). The second specimen of A. balaericum was 
photographed at a depth of 10 m during a SCUBA diving 
expedition in Keldag/Cevlik (Iskenderun Bay) on 20 June 
2018 (Fig. 2).  

Morphometric measurements of the specimen were 
made to the nearest 0.1 mm using a digital caliper and 
weighed to the nearest gram (g). All measurements, 
counts, morphological descriptions, and colors agree 
with the descriptions given by Bauchot (1987). The 
specimen is deposited in the Museum of the Faculty of 
Marine Sciences and Technology, Iskenderun Technical 
University with catalog number MSM-PIS/2018-5. 
  

 
Figure 1. Dorsal view of A. balaericum from Konacık 
coast (Iskenderun Bay) 
 

 
Figure 2. Underwater observation of A. balaericum in 
Cevlik, Iskenderun Bay (Photo: Necdet Uyğur) 
 
3. RESULTS  
 

The body is stout. The snout is round, projecting a 
little, its length almost equal to a large eye. The front 
nostril is tubular, forward-pointing near the tip of the 
snout. The rear nostril is a small oval hole in front of and 
a little below the middle of the eye. Dorsal fin begins over 
gill opening. Dorsal and anal fins are continuous with the 
tail fin. The tail fin is reduced and stiff. No scales on the 
body. 

Head length (HL) 7.3% of total length (TL), body 
depth 5.0% of TL, Eye diameter 24.3% of HL, interorbital 
distance 30.1% of HL. The morphometric data of the 
specimen was given in Table 1. 

Color (fresh): The body is brownish with the lower 
half of the flank with silvery to golden reflections. There 
is an orange crescent on top of the eye. The pectoral fin is 
red with margins of vertical fins black. 
 
Table 1. Morphometric measurements of Arisoma 
balaericum from the Iskenderun Bay 

Measurement Value (mm) 
Total length 114 
Head length 8.33 
Head/total length 13.63 
Pre-orbital distance 2.54 
Eye diameter 2.03 
Max body depth 5.72 
Body depth/total length 0.044 
Depth at anal origin 5.14 
Pre-dorsal distance 4.374 
Pre-dorsal/total length 0.039 
Pre-anal distance 17.21 
Pre-anal/total length 0.132 
Pectoral fin length 3.50  
Weight 97.0 

 
4. DISCUSSION 
 

The bandtooth conger A. balaericum is found 
common on sandy bottoms on the continental shelf, 
usually in the sand between 1 m and 732 m (Smith, 
1990), most frequently between 20-100 m and can reach 
up to 35 cm in TL (Sanches, 1991). This species is a 
nocturnal species that spends its days buried in sand in 
the Mediterranean. It feeds on invertabres and small 
fishes (Bauchot & Saldanha, 1986; Golani et al., 2006). 

Although Sanches (1991) claimed that the species is 
usually found at 10-200 m depths. The first specimen was 
caught at a depth of 32 m from Konacık (Arsuz) by a 
trammel net (mesh size 22 mm). The second specimen 
reported in this study was observed at 10 m depth in its 
natural habitat in Keldag (Çevlik) on sandy bottoms, 
during a SCUBA diving expedition (Fig. 2). This depths 
range is in accordance with the literature (Sanches, 
1991). 

In the present study, our measured specimen was 
11.40 cm in TL and 97.0 g in TW. Although A. balaericum 
is commonly reported as 20-30 cm in total length. The 
present length record for this specimen was found 
smaller and lower than the previous record for 
Mediterranean samples report (Grassi, 1993; Morey et 
al., 2003). The historical captured record of the species in 
the Mediterranean Sea was documented in Table 2. 

 

5. CONCLUSION 
 
A. balearicum is non-commercial fish species that 

typically inhabit bottoms with burrowed sand and mud 
in coastal areas. A. balearicum is rare in the eastern part 
of the Mediterranean Sea. It is considered as “Least 
Concern” in the Global Red List Categories and Criteria, 
(Carpenter et al., 2015). However, this species is assessed 
as “Data Deficient” in Turkey (Fricke et al., 2007). Thus, 
we propose that further studies are needed in this region 
to monitor this species in the eastern Mediterranean, 
Turkey. 
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Table 2. Records of A. balaericum in the Mediterranean Sea in 1913-2018 
Author (s) Year (s) Location Depth Sampling Total Length(cm) 

Grassi (1913) 1913 Mediterranean Sea, Italy - - 
21.2 

 

 
Morey et al. 

(2003) 

 
April 2000-
June 2001 

 
Balearic Islands and 

Iberian Peninsula, Spain 
 

 
8-35 

 
Trammel net 

 
16.7-28.4 

 
 

This study Feb. 2018 
Arsuz coast, Iskenderun 

Bay, Turkey 
32 Trammel net 11.4 
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 Silver cheeked toadfish is one of the most popular invasive species that originated from the 
Red Sea. They can inflate themselves inside or outside the sea with water, making them hard 
to swallow by predators. This fish also has a neurotoxin named Tetrodotoxin in various body 
tissues and makes them non-edible for human consumption. There are many death reports in 
the Red Sea and the Mediterranean Sea because of the consumption of this fish by humans. In 
this review, we have summarized the techniques used to detect the amount of Tetrodotoxin in 
the Silver Cheeked Toadfish. The main aim of this study is to give researchers a fast source of 
TTX extraction procedures. 

 
 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
1. INTRODUCTION  

Lagocephalus sceleratus which is also known as the 
Silver Cheeked Toadfish is a species of fish belonging to 
the family Tetraodontidae. This bony fish species are 
originated from Indo-Pacific and can reach up to a total 
length of 110 cm (Boustany et al. 2015; Yaglioglu et al. 
2011; Akbora et al. 2020). In case of danger, they collect 
air or water in their bodies, grow in volume, and avoid 
being swallowed by predators (Golani et al., 2006). 
 
What is Tetrodotoxin (TTX)? 
 

It is a non-protein neurotoxic molecule (see fig. 1) 
found in some terrestrial and marine animals. It prevents 
nerve impulses by blocking voltage-gated sodium 
channels (Nzoughet et al. 2013). 

  

 
Figure 1. 3D structure of Tetrodotoxin molecule 
(https://pubchem.ncbi.nlm.nih.gov/compound/632466
8#section=3D-Conformer). 
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Some terrestrial animals like Colostethus inguinalis 
(Cope, 1868) (Common Rocket Frog), has TTX on their 
body (Daly et al., 1994). In addition, most of the fish 
species belonging to the Tetraodontidae family can 
harbor TTX in their body. Another popular marine 
animal having TTX in its body is Greater Blue-Ringed 
Octopus Hapalochlaena lunulata (Quoy & Gaimard, 
1832). They can transfer TTX from their salivary glands. 
There are some human toxification issues reported from 
Japan (Asakawa et al., 2019). 

 
Analysis Techniques 

 
• Extraction: According to Evans (1969), the 

tetrodotoxin molecule is quite soluble in dilute 
acetic acid; besides, It is soluble in small amounts in 
water, ether, and ethanol. In addition, when exposed 
to strong acids or bases, its molecular structure 
deteriorates. For these reasons, diluted acetic acid is 
used for extraction in all methods, regardless of the 
analysis method. After extraction, to stabilize the 
molecule or, in methods needs to use enzymes, pH 
adjustment can also be made by researchers. 

 
• Biological Analysis Methods: ELISA (Enzyme-

Linked Immunosorbent Assay) and MBA (mouse 
bioassay) techniques are biological techniques 
commonly used in tetrodotoxin analysis. Since 
enzymes are used in the ELISA technique and mice 
are used in the MBA technique, these techniques are 
classified as biological. 

 
• Chemical Analysis Methods: IR (infrared 

spectroscopy), NMR (nuclear magnetic resonance), 
GC-MS (Gas Chromatography-Mass Spectrometry), 
LC-FLD (Liquid chromatography fluorescence 
detector) and LC-MS (Liquid Chromatography-Mass 
Spectrometry) techniques are reliable for 
tetrodotoxin analysis, and used by many 
researchers  (Bane et al.2014). 

 
Techniques used for tetrodotoxin (TTX) analysis in L. 
sceleratus 

 
Although there are many techniques that can be used 

for tetrodotoxin analysis, for L. sceleratus; MBA (Kosker 
et al.2016; Katikou et al. 2009), ELISA (Akbora et al. 
2020), GC-MS (Man et al.2010) and LC-MS (Rodriguez et 
al. 2012; Azman et al. 2014; Kosker et al. 2016) 
techniques were used. 

 
• MBA- Mouse Bioassay: Kosker et al. (2016) 

analyzed the amount of TTX using the MBA method 
and LC-MS / MS methods in their study on L. 
sceleratus. If the procedure is explained with the 
help of the steps in this study; 

 
Extraction: 10 grams of tissues to be analyzed are 

weighed and placed in 25 ml of 0.1% CH3COOH 
solution and homogenized for 10 minutes at 2400 
rpm. The mixture is kept in a 100ºC hot water bath 

for 10 minutes and kept until it comes back to room 
temperature. The cooled mixtures are filtered with 
the help of 110 mm filter paper and the residues 
remaining on the paper are washed with 0.1% 
acetic acid. All the filtered and washed solutions are 
combined and filled with 0.1% acetic acid to make 
up to 50 ml. Each 1 ml of the prepared solution 
corresponds to 0.2 g of tissue. Mice allowed to be 
used in biochemical experiments are listed in 
Labome (2019). Kosker et al. (2016) used the Swiss 
Webster Albino mouse in their research. From the 
mixture obtained, 1 ml per tissue is taken and 
injected into 3 different mice intraperitoneally. 
With the help of a stopwatch, the time between the 
time of injection and the time of death is recorded. 
TTX levels are calculated in units of MU (mouse 
unit) with the help of the table given in Kawabata, 
(1978).  

 
• ELISA: Enzyme-Linked Immunosorbent Assay 

(ELISA) method is basically based on the 
immunological working principle based on the 
antibody-antigen relationship. It is a technique that 
can be used to determine the presence of antigen, 
antibody, protein, peptide, or hormone present in a 
sample. The most common modification of the 
ELISA technique, which has many different 
modifications, used in TTX analysis is competitive 
ELISA methods (Akbora 2018). 

 
Extraction: TTX extraction is similar in all 

techniques due to the chemical properties of the 
molecule. Basically, when using the ELISA method, the 
extraction steps are as follows: 

Disintegrating the tissue with the help of a 
homogenizer in 0.1% acetic acid and keeping the mixture 
in a boiling hot water bath. Making the pH adjustment 
determined in the ELISA Kit procedure. Centrifugation is 
followed by the removal of the supernatant. 

 
 
Competitive ELISA modifications used in TTX 

analysis: 
 

Indirect Competitive ELISA (ic ELISA) 
 

In this modification of competitive ELISA, the TTX 
molecule in the sample is competing with a pre-coated 
antigen to bind with the primary antibody.  

Basically, when you add your extracted TTX 
solution into a microtiter tube and add primary antibody; 
TTX molecules inside the sample solution and precoated 
TTX molecules inside the tube start to compete. If the 
TTX molecules inside the sample are too much, they will 
bind a lot of antibodies. If there is not too much TTX in 
the sample, precoated TTX molecules will attract primary 
antibodies. After the washing step, only antibodies bind 
to precoated TTX molecules will remain inside the tube. 
The next step is the addition of enzyme-linked secondary 
antibody which is also known as a detection antibody. 
Detection antibodies are specific for primary antibodies. 
So, during incubation detection antibodies binds to 
primary antibodies. After washing, only the detection 
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antibodies bind to primary antibodies will remain inside 
the tube. The last step is the addition of enzyme-
substrate. There will be a reaction between enzyme and 
substrate and a color change observed. The color change 

is a measurable product to detect the amount of TTX 
inside the original sample (See fig.2). 

 
 

 
 

 
Figure 2. Schematisation of the Indirect Competitive ELISA method (This figure has been created according to Zhao et 
al. (2006)). 
 

Direct Competitve ELISA (dc ELISA) 
 

This modification of ELISA is quite similar with the 
ic ELISA. In this method, there is no primary antibody. 
TTX molecules inside the sample and precoated TTX 

molecules are competing to bind the detection antibody. 
After the washing step, and adding enzyme-substrate, 
there will be a color change which is the measurable 
product of the dc ELISA (See fig.3). 

 

 
 

 
Figure 3. Schematisation of the Direct Competitive ELISA method (This figure has been created according to Zhao et al. 
(2006)). 

 
In both competitive ELISA modifications, the color 

change and the amount of TTX inside the sample are 
inversely proportional. So, if the color change in a tube is 
higher than the other one, the amount of TTX inside the 
sample is less. 

 
• GC-MS (Gas Chromatography-Mass Spectrometry): 

Because the TTX molecule is not volatile, this 
technique involves a different step compared to 
other techniques. This is the step of making the 
molecule volatile. In a study conducted in Malaysia, 
TTX amounts in muscle tissue were analyzed using 
the GC-MS method (Man et al., 2010). Again in 
Malaysia, another researcher analyzed TTX 
amounts with the LC-MS method and obtained 

results approximately 17.5 times higher than the 
GS-MS method (Azman et al., 2014). Bane et al. 
(2014) stated in their review that the GS-MS method 
is not a reliable technique in terms of TTX analysis 
and that it is a waste of time and money. For this 
reason, the details of the GC-MS technique were not 
discussed in our review, only it was mentioned that 
this technique has also been studied before. 

 
• LC-MS (Liquid Chromatography-Mass 

Spectrometry): This technique has been accepted as 
the most widely used and most reliable method for 
researching TTX and its derivatives worldwide.  

 
Extraction: As with all other techniques, the first few 

steps of TTX extraction from tissues are similar.  Tissues 
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are homogenized in 0.1% acetic acid solution. 
Homogenized tissues are mixed with the help of a vortex 
and an ultrasonic mixer. These steps are repeated 2 
times, and the final products are combined and 
centrifuged. The supernatants obtained are rounded to 
the desired volume by adding acetic acid. 1 ml of the final 
mixture is taken and cleaned using a solid-phase 
extraction cartridge (SPE), which was previously filled 
with methanol and distilled water. The cleaned sample is 
diluted by adding 100% methanol until reaching the 
desired volume. Each sample is concentrated by heating 
until dry and resuspended in 1 ml of methanol. 100 µl are 
taken from the samples, passed through 0.45 µm filters, 
and made ready for analysis. Extracts are given one by 
one to the LC-MS system and analyzed according to their 
mass/charge ratio (Rodriguez et al. 2012; Azman et al. 
2014; Kosker et al. 2016). 

 
2. DISCUSSION 
 

Many techniques are used worldwide for TTX 
analysis in L. sceleratus. Techniques may differ according 
to the technical equipment infrastructure and budget of 
the researchers. For example, an LC-MS/MS system can 
be installed with a budget of around $145000, and the 
ELISA system with a budget of $1000-10000 (depending 
on the brand and features). Researchers with limited 
budgets can use techniques suitable for their budgets. 
Considering the toxin's chemical structure, it has been 
observed that the gas chromatography method is not 
reliable.  

Ethical approval is required for the technique with 
the mouse. The use of experimental animals is prohibited 
in some countries if analysis can be made with 
alternative methods. 

Although the ELISA method can be used as an 
alternative technique for TTX analysis; problems that 
may occur during the blocking of ELISA cuvettes cause 
incorrect antibody binding, and misleading color changes 
can be seen. In addition, plates containing ELISA wells 
may lose their properties when they are kept for a long 
time and may cause faulty color change.  

LC-MS / MS method is the most common and 
reliable method used for TTX analysis. The only 
disadvantage of the LC-MS / MS method is that it is quite 
expensive to set up. Both methods (ELISA and LC-MS) 
can give proper results under suitable conditions. In 
selecting the analysis method and equipment, it is 
important to choose the device that will work in the 
longest term by considering the future research fields. It 
is important to establish a laboratory infrastructure 
accordingly. 
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