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Abstract: This study investigates the age, growth and maturity of false scad (Caranx rhonchus Geoffroy Saint-Hilaire, 1817) in the İzmir Bay, the Central 
Aegean Sea. The total length of 392 fish varied between 12.8-36.0 cm and their weights were measured as 23.51-455.44 g. Sex ratio was 1:0.8 (F:M). Sagittal 
otoliths were used for age determination. Fish were between I-V age groups in the bay. The length-weight relationships were calculated as W= 0.0145*L2.8911 

for females; W= 0.0168*L2.8425 for males, and W= 0.0132*L2.9259 for all fish. The von Bertalanffy growth parameters were found as L∞= 40.86 cm, K= 0.2181 
years-1, to= -1.0584 years for females; L∞= 39.54 cm, K= 0.2156 years-1, to= -0.963 years for males; and L∞= 41.12 cm, K=0.2061 years-1, to= -1.0548 years 
for all fish, respectively. The growth performance index values (Φ) were 2.532 for females, 2.555 for males, and 2.542 for all fish. The length at first maturity 
was calculated as 18.53 cm for females, and 18.95 cm for males. 

Keywords: Length-weight relationship, length at first maturity, age-length relationship, İzmir Bay 

Öz: Bu çalışmada, Orta Ege Denizi, İzmir Körfezi'ndeki kral balığı (Caranx rhonchus Geoffroy Saint-Hilaire, 1817)'nın yaş, büyüme ve eşeysel olgunluğu 
araştırılmıştır. 392 balığın total boyları 12,8-36,0 cm arasında değişmekte olup ağırlıkları 23,51-455,44 g olarak ölçülmüştür. Cinsiyet oranı (D:E) 1:0,8’dir. Yaş 
tayininde sagittal otolitler kullanılmıştır. Balıklar körfezde I-V yaş grupları arasında bulunmuştur. Boy-ağırlık ilişkisi sırasıyla, dişiler için W= 0,0145*L2,8911, 
erkekler için W= 0,0168*L2,8425 ve tüm balıklar için W= 0,0132*L2,9259 olarak hesaplanmıştır. Von Bertalanffy büyüme parametreleri sırasıyla, dişiler için 
L∞=40,86 cm, K= 0,2181 yıl-1, to= -1,0584 yıl; erkekler için L∞= 39,54 cm, K= 0,2156 yıl-1, to=-0,963 yıl ve tüm balıklar için L∞= 41,12 cm, K= 0,2061 yıl-1,          
to=-1,0548 olarak bulunmuştur. Büyüme performans indeks değerleri (Φ) dişilerde 2,532, erkeklerde 2,555, ve tüm balıklarda 2,542’dir. İlk eşeysel olgunluk 
boyu dişilerde 18,53 cm ve erkeklerde 18,95 cm olarak hesaplanmıştır. 

Anahtar kelimeler: Boy-ağırlık ilişkisi, ilk eşeysel olgunluk boyu, yaş-boy ilişkisi, İzmir Körfezi 

INTRODUCTION 

The Carangidae family is represented by 148 species 
belonging to 30 genera in the world (Fricke et al., 2021). In 
Turkish waters, 16 species belonging to 11 genera were 
reported for this family (Bilecenoğlu et al., 2014). The 
Carangidae family has economically important fish species and 
one of them is Caranx rhonchus in the study area. 

Variability in size has important implications for many 
aspects of fisheries and stock assessment which include the 
modeling of growth, estimation of growth parameters, 
estimation of age frequencies from length frequencies, size-
based demographic modeling, sampling, length frequency 
analysis, and size-based stock assessment methods (Erzini, 
1994). Knowledge of the relationship between length and 
weight of a fish species in a given geographic region is useful 
for the estimation of length-at-age, between-regions and life-

history comparisons, and it is a practical index of the condition 
of fish (Petrakis and Stergiou, 1995). 

From this perspective, scarce studies were done on 
Caranx rhonchus in the Mediterranean. A study of traditional 
and experimental floating fish aggregating devices (T/E-FADs) 
was conducted in the Gulf of Castellammare (NW Sicily). 
Together with results from catches and visual observations, 
they reported that Caranx rhonchus is one of the most common 
and abundant species in their study area (D'Anna et al., 1999). 
Bektas and Belduz (2009), were reported PCR-based 
identification and discrimination of Caranx rhonchus based on 
nuclear and mtDNA sequences. Ketata Khitouni et al., (2010), 
have studied variations of the chemical composition of five 
coastal catch fish species of the Gulf of Gabès (Tunisia) and 
one of them was C. rhonchus. Kožul and Antolović (2013), 
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reported a short communication of the occurrence of the false 
scad, in the Adriatic Sea. Raya and Sabatés (2015), have 
conducted a study about the diversity and distribution of early 
life stages of carangid fishes in the northwestern 
Mediterranean. Sley et al., (2008), have studied the diet 
composition and food habits of Caranx rhonchus from the Gulf 
of Gabes. Sley et al., (2013), have reported a comparative 
study between parameters of reproduction of C. crysos and C. 
rhonchus. Sley et al., (2015) have reported the annual 
reproductive cycle, spawning periodicity and sexual maturity of 
false scad from the South-Eastern Mediterranean. Sley et al., 
(2016) have reported morphometric and meristic 
characteristics of the species from the Gulf of Gabes. A study 
on the relationships between fish and jellyfish in the 
northwestern Mediterranean also includes Caranx rhonchus 
(Tilves et al., 2018). The length-length and length-weight 
relationships of the C. rhonchus were included in research 
covering some other fish species in the North Aegean Sea 
(Karachle and Stergiou, 2008) but the age and growth 
properties have not been studied yet. 

Considering the scarcity of biological information about 
Caranx rhonchus, the purpose of the study is to contribute 
information about the age, growth, and maturity of C. rhonchus 
from İzmir Bay in the Central Aegean Sea. 

MATERIAL AND METHODS 

A total of 392 C. rhonchus were collected seasonally from 
commercial fishermen between September 2017 and July 
2018 in the İzmir Bay, the Central Aegean Sea. Samples were 
collected from the fishing port on the same fishing day and 
transported to the laboratory as fresh. Specimens were 
measured to the nearest 0.1 cm (total length, TL), weighed to 
the nearest 0.01 g (total weight, W), and dissected in the 
laboratory. The sex and maturity stages were determined by 
macroscopic and microscopic examination of the gonads. The 
sex ratio was calculated for the entire study period, and its 
significance was tested by Chi-square (χ²) test (Nikolsky and 
Birkett, 1963). 

Sagittal otoliths were removed, cleaned and stored dry in 
U–plates. Before age determinations, otoliths were cleaned in 
4% NaOH. Otoliths were transferred in an alcohol series (from 
30% to 70%) for approximately ten minutes making them more 
transparent. In this way, opaque and hyaline zone 
discrimination is facilitated. Age was read from whole otoliths 
immersed in glycerin (25%) and alcohol (75%) mixture. They 
were viewed with Olympus SZ–61 models stereo binocular 
microscope, under reflected light against a black background 
(Figure 1). To minimize reading errors, the number of opaque 
rings outside the nucleus was independently evaluated by two 
readers. 9 otoliths were excluded from evaluation because the 
readings did not coincide. The allometric growth equation, 
W=a*Lb, was used to examine length-weight relations 
(Bagenal, 1978), where W is the total weight (g), L is the total 
length (cm), and a and b are the regression constants. The von 
Bertalanffy growth parameters were used to describe the 

growth of fish species (Sparre et al., 1989); Lt=L∞(1–eK(t–to)) 
where Lt is the fish length at age t; L∞ represent the asymptotic 
length, K is a brody growth coefficient and to is the theoretical 
age when the fish length is zero. To compare the calculated 
growth parameters with other studies, growth performance 

index values (Ф value) were calculated as Ф=log10K+2*log10L 

(Pauly and Munro, 1984) where K and L are the von 
Bertalanffy growth parameters. The hypothesis of isometric 
growth was tested by Student’s t-test (Ricker, 1975). 

 

Figure 1. Right sagittal otolith  of a 4-years old C. rhoncus (27.8 cm 
TL, 197.2 g) from İzmir Bay 

Gonad stages were classified on the modified empirical 
scale of Holden and Raitt (1974) in both sexes; 1=immature, 
2=maturing, 3=ovipositing, and 4=postoviposition, and seems 
more discriminate and less subject to interpretative error than 
other scales. To estimate the mean lengths at 50% maturity, a 
logistic function was fitted to the proportion of the mature 
individuals by size class using nonlinear regression. The 
function used was P=1/1+e–r(L-L50) where P is the proportion of 
mature fish per size class, L is the average total length 
corresponding to the proportion (P), r is the slope of the curve, 
and L50 (length at first maturity) is the total length at 50% 
maturity (King, 2013). 

RESULTS 

In the current study, a total of 392 fish were examined. 184 
of them were females (46.94%), 149 were males (38.01%), and 
59 (15.05%) were unidentified because they were immature or 
their gonads were not distinguishable. The female to male ratio 
was calculated as 1:0.8 and found that it was not statistically 
significant (χ2cal=3.67, χ2th=3.84). 

Total length distribution for females, males, and all fish was 
shown in Figure 2. As a result of measurements, females 
ranged with an average of 20.18±0.53 cm, between 13.3 and 
32.2 cm. Males 20.47±0.6 cm ranged between 12.8 and 36.0 
cm. All fish ranged with an average of 20.59±0.38 cm, between 
12.8 and 36.0 cm. The length-weight relationships were 
calculated as W=0.0145*L2.8911 for females; W=0.0168*L2.8425 
for males, and W=0.0132*L2.9259 for all fish. The von Bertalanffy 
growth parameters were calculated as L∞=40.86 cm, K=0.2181 
years-1, to=-1.0584 years for females. It was L∞=39.54 cm, 
K=0.2156 years-1, to=-0.963 years for males, and L∞=41.12 cm, 
K=0.2061 years-1, to=-1.0548 years for all fish. The growth 
performance index values (Φ) were 2.532 for females, 2.555 
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for males, and 2.542 for all fish. The female, male, and all fish 
showed negative allometric growth throughout the year (Table 
1). Fish that have negative allometry, get weight more slowly 
than the length. 

Gonads’ distinguishes were not clear in small fish and 
likewise in large fish at the end of the spawning season. The 
sample size increased when the consideration of individuals 
whose gender could not be determined. Thus, the b value 
calculated for all fish may have been found to be higher than 
the b value calculated for different genders. 

Table 1. Length-weight relationship parameters of C. rhonchus in 
the İzmir Bay (a, intercept; b, the regression coefficient 
(slope); n, number of specimens studied; SE(b), standard 
error of the slope; R2, coefficient of determination; GT, 
growth type; A(–), negative allometric)  

t(183)=1.66, p<0.05; t(148)=1.65, p<0.05; t(391)=1.66, p<0.05 

 

A total of 383 otoliths were used for the age determination. 
183 were female, 144 were male, and 56 were unidentified 
(Table 2). Age groups of C. rhonchus ranged from I to V in the 
İzmir Bay for all fish. The most observed age group was 2 for 
all fish (45.4%). The mean length of 2 years old females was 
19.7±0.54 cm males was 20.1±0.53 cm. For the 2 years of age 
groups, there was no statistically significant difference between 
females and males (t(1) = -3.2196, p= 0.19). 

 

 

 

Figure 2. Length distribution of Caranx rhonchus in the İzmir Bay

Table 2. The age-length key of C. rhonchus from the İzmir Bay (TL, Total length; T, Total; n, the number of specimens; n%, number of 
percentages; SD, Standard deviation) 

 Female Male All Fish 

TL (cm) I II III IV V T I II III IV V T I II III IV V T 

12       1     1 1     1 

13 5     5 1     1 8     8 

14 5 2    7 4 1    5 13 3    16 

15 6 3    9 6 3    9 12 8    20 

16 4 7    11 4 4    8 8 11    19 

17 7 9 1   17 5 2    7 13 13 1   27 

18 6 9 3   18 3 8 3   14 9 18 6   33 

19 7 8 6   21 1 11 4   16 8 20 12   40 

20 1 24 8   33 3 19 8   30 4 44 16   64 

21 2 6 6   14 2 15 3   20 5 23 10   38 

22 2 8 5   15 2 1 1   4 4 11 8   23 

23  1 3   4  3 1   4  9 5   14 

24  3 3 1  7  4 3 1  8  9 10 3  22 

25  2 4   6   3   3  2 15   17 

26  1 7 1  9   6   6  1 18 1  20 

27   2 1  3  1 5   6  2 8 1  11 

28         0      1   1 

Sex a b n SE (b) R2 t-test* GT 

Females 0.0145 2.8911 184 0.0424 0.965 2.563 A(–) 

Males 0.0168 2.8425 149 0.0433 0.967 3.630 A(–) 

All fish 0.0132 2.9259 392 0.0267 0.968 2.772 A(–) 
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Table 2. Continued 

 Female Male All Fish 

TL (cm) I II III IV V T I II III IV V T I II III IV V T 

29    1  1   1   1   3 1  4 

30   1 1  2   0 1  1   1 3  4 

31                   

32    1  1          1  1 

36           1      1  

n 45 83 49 6  183 32 72 38 2  144 85 174 114 10  383 

%n 24.6 45.4 26.8 3.3   22.2 50.0 26.4 1.4   22.2 45.4 29.8 2.6   

Min 13.3 14.0 17.4 24.8   12.8 15.1 18.6 24.7   12.8 14.0 17.4 24.0   

Max 22.2 26.0 30.2 32.2   22.5 27.1 29.0 30.6   22.5 27.1 30.2 32.2   

Mean 17.3 19.7 22.6 28.5   17.3 20.1 23.3 28   17.1 20.1 23.4 28.0   

SD 2.4 2.5 3 2.5   2.5 2.3 3.2 3   2.5 2.6 3.1 2.8   

Utilizing the total length values of the specimens in all age 
groups, the von Bertalanffy growth equations’ parameters were 
computed as indicated in Table 3. 

Table 3. The von Bertalanffy growth parameters for C. rhonchus 
from the İzmir Bay (n, the number of specimens; K, The 
Brody growth coefficient; t0, theoretical age of fish before 
hatching; L∞, asymptotic length; Ф, growth performance 
index) 

Sex n K t0 L∞ Ф 

Females 183 0.2156 -0.9632 39.538 2.555 

Males 144 0.2181 -1.0584 40.863 2.532 

All fish 383 0.2061 -1.0548 41.119 2.542 

The data displayed in Figure 3 present the percentage of 
matured individuals in all fish in a given size class. The length 
at first maturity was estimated as 18.95 cm and 18.53 cm for 
males and females respectively. 

 

Figure 3. Length at first maturity of female and male C. rhonchus 
from the İzmir Bay 

DISCUSSION 

Studies on Caranx rhonchus have been reported from 
West Africa and the Mediterranean. It is possible to consider 
these regions as independent ocean and marine habitats. The 
effect of the up-welling current on the west African coast should 
be considered in this context. An evaluation of the current study 
is presented with a few other studies. 

Sley et al., (2015) reported the sex ratio of C. rhonchus was 

1.04:1 (F: M) in the Gulf of Gabès. They have examined 1313 

individuals of whom 668 were females and 645 were males. 

Females ranged from 3.1 cm to 29.5 cm (TL), and males 

ranged from 3.0 cm to 30.6 cm (TL) in their study. Although the 

range was differing, similar results were found in the current 

study (F: M= 1:0.8). This situation could be evaluated as the 

similarity of conditions in the Mediterranean. Another group of 

results was reported from the coasts of the Senegal region. 

The numerical proportion of the sexes was in favor of females 

on the coasts of Senegal and Mauritania, albeit the ratio is not 

specified. (Camarena Luhrs, 1986; Lawal and Milnikov, 1988). 

The difference between the Senegal-Mauritania region and the 

Mediterranean region might be due to the occurrence of 

various conditions in the ocean and marine environment. 

Besides, the difference in fish size distribution for these two 

regions should also be taken into account. 

The length-weight relationship parameters of C. rhoncus 

reported by different authors are as in Table 4. Torres et al., 

(2012) reported that the total length was in the range of 28.3–

37.0 cm in the Gulf of Cadiz, and larger than the current study 

(12.8-36.0 cm). The reason for this could be, that the fishing 

depth they use was up to 800 meters, and the mesh size they 

use was 20 mm. Also, the fishes were sampled only during the 

spring and autumn (Torres et al., 2012). 
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Table 4. Length-weight relationships of C. rhonchus in different localities as reported by various authors (n, number of specimens; a, intercept; 
b, the regression coefficient; R2, coefficient of determination; SE, standard error) 

Author Research Area Length 
Type 

n Length Range a b R2 SE(b) 

Karachle and Stergiou (2008) North Aegean TL 16 18.0-19.8 0.0099 2.997 0.79 0.412 

Overko (1979) Cap Blanc Cap Verde FL - - 0.0200 2.880 - - 

Boely et al. (1973) Coast of Senegal and Mauritania TL - - 0.0065 3.097 - - 

Fréon et al. (1979) Senegal FL 1956 - 0.0124 3.055 0.99 0.0136 

Santos et al. (2002) Coast of southern Portugal TL 100 15.7-37.6 0.1222 2.241 0.88 0.084 

Torres et al. (2012) Gulf of Cadiz-Spain TL 32 28.3-37.0 0.0328 2.610 0.92 - 

Maxim (1995) Mauritania - - - 0.0350 2.731 - - 

Do Chi (1994) Senegal FL - 7.0-38.0 0.0123 3.061 - - 

This study İzmir Bay TL 392 12.8-36.0 0.0132 2.9259 0.97 0.0267 

 

The length-weight relationship shows negative allometric 
growth for both sexes (Table 1). The regression coefficients of 
this species vary between 2.241–3.097 in studies conducted in 
different regions. These values were reported as 3 from the 
coast of Senegal (Table 4). This result indicates that this 
species' growth isometric in that region. Santos et al., (2002) 
reported the mean total length for C. rhonchus was 30.7±2.6 
cm, the regression coefficient was 2.241 and the growth type 
was negative allometric. Although the length range was similar 
to the current study, the low regression coefficient may be due 
to regional differences or the low value of the coefficient of 
determination. The coefficients of determinations that were 
calculated for the current study are close to one (Table 1). 

The mean total lengths of age groups were compared with 

other studies in Table 5. Overko (1979) reported similar age 

groups in the Cap Verde/ Cap Blanc region. Boely et al., (1973) 

reported larger age groups on the coast of Senegal and 

Mauritania. Evaluating these differences was difficult because 

the methodologies of these two studies were not clearly 

explained. We suggest that the species could not reach larger 

sizes due to the scarcity of prey in the İzmir Bay compared to 

the upwelling areas. On the other hand, there is a possibility 

that smaller individuals may be caught due to the local fisheries 

pressure in İzmir Bay. Besides, the fishing method could be 

different and the selectivity of the fishing gear might be low so 

the smaller individuals could be caught. Differences in mean 

length values may be caused by due to the regional biotic 

(abundance of prey, predation, etc.) and abiotic (temperature, 

salinity, etc.) factors, as well as the differences in the 

methodology of age determination. 

Table 5. Comparison of the mean length (cm) of the age groups of C. rhonchus populations in various seas 

Author Research Area Length Type Age Groups 

I II III IV V VI VII VIII IX X 

Overko (1979) Cap Blanc/ Cap Verde FL 12.2 17.9 22.3 26.0 29.7 - - - - - 

Boely et al. (1973) Coast of Senegal and Mauritania TL 16.0 24.2 29.2 33.7 36.8 39.0 40.6 41.8 42.7 43.4 

This study İzmir Bay TL 17.1 20.1 23.4 28.0 - - - - - - 

Table 6 shows the von Bertalanffy growth parameters of C. 
rhonchus from different areas. The L∞ values were found lower 
in the current study, compared to others. The growth 
performance index (Ф) calculated from K and L∞ was found as 

2.542. All these differences might be related to the relatively 
smaller size of the mean length of the sampled fish. In addition, 
it is thought that all these differences may be due to 
methodological differences. 

Table 6. The von Bertalanffy growth parameters of C. rhonchus in different areas (L∞, asymptotic length; K, The Brody growth coefficient; t0, 
theoretical age of fish before hatching; Ф, growth performance index) 

Author Research Area Length Type  L∞ K t0 Ф 

Overko (1979) Cap Blanc /Cap Verde FL 48.57  0.160  0.800 2.577 

Boely et al. (1973) Coast of Senegal and Mauritania  TL 45.30 0.303 0.515 2.794 

Maxim (1995) Mauritania - 55.69 0.136 -1.295 2.625 

This study İzmir Bay TL 41.12 0.206 -1.055 2.542 

Overko (1979) and Camarena Luhrs (1986) stated that the 
first maturity of false scad was 19.7 cm and 20.0 to 21.0 cm FL 
in the Eastern Atlantic and on the Senegal coast, respectively. 
Lawal and Milnikov (1988) and Chavance et al., (1991) 

reported 19.0 cm (FL) as the first maturity length of false scad 
for the Mauritanian coast. Fischer et al., (1980) reported the 
first maturity length of C. rhonchus 22.0 cm FL in the 
Mediterranean. In Tunisian waters, the length of the first 
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maturity was reported between 16.4 cm (TL) and 20 cm (SL) 
(Ben Salem and Ktari, 1980, 1994; Ould Mohamed Abdallahi, 
1999; Sley et al., 2013, 2015). In this study, the first maturity 
length of the false scad in the Central Aegean Sea was 
estimated as 18.95 cm for males and 18.53 cm for females 
(TL). As stated by Olsen et al., (2004), genetic effects, 
environmental factors such as temperature, salinity, and food 
availability, and differences in sampling procedure such as 
sampling gear and location may affect the sexual maturity 
length. 

In conclusion, the current research investigates the age, 
growth and maturity of C. rhonchus for the first time in the 
Central Aegean Sea. We suggest that the minimum fishing 
length should be at least 19 cm (TL) for the sustainability of C. 
rhonchus in İzmir Bay. The literature review showed a need for 
more detailed and up-to-date information on the biology of this 
species. We hope the results of this research will contribute to 
management strategies and regulations needed for the stocks 
of the Caranx rhonchus. 
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