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			ABSTRACT

		

		
			The study was conducted to determine the age and the growth of the Lessepsian migrant Randall’s threadfin bream, Nemipterus randalli (Russell, 1986). A total of 587 samples were collected from the eastern Mediterranean coast of Turkey between February 2012 and January 2013. Total length and total weight ranged from 7.7 to 21.0 cm and from 6.90 and 150.99 g, respectively. Length-weight relationship parameters were calculated for all individuals as a= 0.0106 and b= 3.09, and isometric growth was determined. The population constituted five age-classes (0–IV years). Four growth models used to identify the growth characteristics were von Bertalanffy, Logistic, Richards, and Gompertz growth models. Growth type of Randall’s threadfin bream has rapid property; hence the fish population may be continued increasing in the Iskenderun Bay and other of Eastern Mediterranean regions.
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			INTRODUCTION

			Randall’s threadfin bream (Nemipterus randalli) has a common distribution in the Indian Ocean, the Persian Gulf, and the Red Sea (Russell, 1990). Its definite occurrence in the Mediterranean also represents a recent range extension (Lelli et al., 2008). The species is an invasive species, first recorded by Golani and Sonin (2006) in the Mediterranean. Subsequently, Bilecenoglu and Russell (2008) and Gokoglu et al. (2008) recorded this species in the Mediterranean Sea coast of Turkey. 

			Randall’s threadfin bream has commercially important locations in different areas of the world as following: West Bay of Bengal (Krishnamoorthi, 1971), Andaman Sea (Senta and Tan, 1975), and South China Sea (Devaraj and Gulati, 1988; Kimoto and Johari, 1996). In Iskenderun Bay, the threadfin bream was low in population between 2008 and 2010 (Erguden et al., 2010). Over time, population density in the region increased  as a major stocks source for different fishing methods such as trawl, hook, and set net. 

			Some biological growth parameters of this fish species have been reported from different fishing areas (Samuel, 1990; Kimoto and Johari, 1996; Granada et al., 2004; Wu et al., 2008) and also in the Iskenderun Bay (Erguden et al., 2010). In the Arabian Sea, the growth parameters of the species have been reported by length frequencies data (Kalhoro et al., 2017).

			However, there is limited information for this species about growth parameters. Therefore, this study was aimed to estimate growth parameters of this species in terms of length, weight and age for Iskenderun Bay Fishery. Different mathematical growth models have been applied for a more precise result in evaluating age-related growth parameters (Demirci et al., 2016). 

			MATERIALs AND METHODS

			The Randall’s threadfin breams were caught between February 2012 and January 2013 in Iskenderun Bay, in the Eastern Mediterranean. A total of 587 fish were captured via the bottom trawl. Mesh size of trawl net was chosen quite small (24 mm) for this study at depths of 30m-70m. Trawling operations were carried out for 180 minutes at an average speed of 2.7 knots. 

			The sampled fish were placed on ice in boxes for transport to the laboratory. Lengths (to nearest mm) and wet weights (nearest 0.01 g) were measured. Sagittal otoliths were analyzed for age estimation (Williams and Bedford, 1974). This analysis was carried out in three stages. Firstly, all right otoliths were used (Jemaa et al., 2015). Secondly, all left otoliths were used. Finally, all right and left otoliths readings were compared for accurate estimation. These readings were carried out twice by the main reader and independently by a second reader. Average percent error (APE) and c.v. were calculated to compare readings between the two readers (Campana, 2001). The length-weight relationship of Randall’s threadfin bream was calculated with W = aLb, where W is the fish weight (g) and L is the total length (cm). Values of the exponent b provide information on fish growth. When b=3, growth is isometric. When the value of b is different from 3, growth is allometric, (positive allometric if b>3, negative allometric if b<3). The hypothesis of the isometric growth (H0: b =3) was tested by t – test, using the statistic: ts = (b-3)/Sb, where Sb is the standard error of the slope, for α=0.05 for testing significant differences among slopes (b) between two regressions for the species (Morey et al., 2003). 

			In this study, growth parameters that could fit the data were used. Growth curves were fitted using least squares method for all fact using four growth models, the von Bertalanffy growth equation, the logistic growth equation, the Gompertz model and Richards equation (Haddon, 2001). This estimating technique was used for all specimens; all ages and their corresponding lengths were applied to estimate growth parameters, except the classical methods that use age with their mean lengths. The solver routines in Microsoft Office Excel 2016 were used to determine length growth equations:
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			Lt is the total length at age t, L∞ is the maximum theoretical total length, K-1 is the growth coefficient, t0 is the theoretical age at zero length. In logistic equation t* age of the growth inflexion. Finally, D determined the shape of the curve (Tian et al., 1993). For determination age and weight growth equations of Randall’s threadfin bream, in these models, Lt instead of Wt (weight at age t) was made equation change by b has the value of the slope provided by length-weight relationship.
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			Selection of the best model describing the age–length relationship was performed using both the residual sum of squares (RSS) and inspection of all parameter. The fish growth performance was estimated using Munro’s growth performance (phi-prime) index (Pauly and Munro, 1984) as; φ’ = log(K-1) + 2× log(L∞).

			RESULTS

			The total sample comprised 587 individuals, with ages ranged from 0 to 4 years. Distributions of length and weight according to age groups were shown in Table I. According to this distribution, population density of I and II age groups was respectively 53.66% and 30.66%. While the smallest individual fish had 7.7 cm length and 6.90 g weight, while the largest fish sample was 21.0 cm  long and had 150.99 g weight. The average fish length and weight were 14.24 cm and 43.17 g, respectively.

			Table I. Age, weight and length key for Randall’s threadfin bream collected from the Eastern Mediterranean Sea.

			
				
					
					
					
					
					
					
					
					
				
				
					
							
							
							Age groups

						
							
							Total

						
					

					
							
							0

						
							
							I

						
							
							II

						
							
							III

						
							
							IV

						
					

					
							
							Number of fish

						
							
							28

						
							
							315

						
							
							180

						
							
							55

						
							
							9

						
							
							587

						
					

					
							
							  

						
							
							%

						
							
							4.77

						
							
							53.66

						
							
							30.67

						
							
							9.37

						
							
							1.53

						
							
					

					
							
							Length

							(cm)

						
							
							Mean

						
							
							9.65

							±0.18

						
							
							13.02

							±0.08

						
							
							15.70

							±0.07

						
							
							17.93

							±0.09

						
							
							19.71

							±0.23

						
							
							14.24

							±0.09

						
					

					
							
							Min.

						
							
							7.7

						
							
							9.1

						
							
							12.8

						
							
							16.6

						
							
							19.0

						
							
							7.7

						
					

					
							
							Max.

						
							
							11.0

						
							
							16.4

						
							
							17.9

						
							
							20.5

						
							
							21.0

						
							
							21.0

						
					

					
							
							Weight 

							(g)

						
							
							Mean

						
							
							14.18

							±2.20

						
							
							31.31

							±0.65

						
							
							54.64

							±0.75

						
							
							79.04

							±1.04

						
							
							100.03

							±6.93

						
							
							43.17

							±0.71

						
					

					
							
							Min.

						
							
							6.90

						
							
							11.20

						
							
							20.19

						
							
							62.90

						
							
							81.97

						
							
							6.90

						
					

					
							
							Max.

						
							
							72.20

						
							
							59.00

						
							
							79.30

						
							
							92.00

						
							
							150.99

						
							
							150.99

						
					

				
			

			Table II. Comparisons of Randall’s threadfin bream’s length–weight relationship parameters.

			
				
					
					
					
					
					
				
				
					
							
							Regions 

						
							
							a

						
							
							b

						
							
							r2

						
							
							References

						
					

					
							
							Indian Coast

						
							
							0.0223

						
							
							2.88

						
							
							-

						
							
							Murty (1982)

						
					

					
							
							Arabian Sea

						
							
							0.035

						
							
							2.74

						
							
							0.97

						
							
							Kalhoro et al. 2017

						
					

					
							
							Iskenderun Bay

						
							
							0.0130

						
							
							2.69

						
							
							0.98

						
							
							Erguden et al. (2009)

						
					

					
							
							Iskenderun Bay

						
							
							0.0011

						
							
							3.06

						
							
							0.98

						
							
							Erguden et al. (2010)

						
					

					
							
							Iskenderun Bay

						
							
							0.0106

						
							
							3.09

						
							
							0.97

						
							
							Present study

						
					

				
			

			Figure 1 shows the length–weight relationship regression calculated for all individuals. The length–weight relationship of Randall’s threadfin bream was W = 0.0106*L3.09 (n = 587), and the exponent of length–weight relationship, b, showed an isometric growth. A comparison concerning the length–weight relationship for the species was also made using results of previous studies (Table II).
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			Fig. 1. Length–weight relationship parameters for Randall’s threadfin bream.

			Age, length and weight data were used to fit the four growth models parameters (Table III). Acceptable confidence intervals (>70%) length and weight of age growth parameters were observed for each growth models. Figure 2 shows the four-growth model length -age and weight-age growth curves. The results of this current study were compared to previous studies in Table IV.

			Table III. The growth parameters and equations of Randall’s threadfin bream by length and weight for von-Bertalanffy, Gompertz, Logistic and Richards fish growth models.

			
				
					
					
					
					
					
					
					
					
					
					
				
				
					
							
							Growth models

						
							
							Length-age relationships

						
							
							Weight-age relationships

						
					

					
							
							L∞

						
							
							K-1

						
							
							t0

						
							
							r2

						
							
							φ'

						
							
							W∞

						
							
							K-1

						
							
							t0

						
							
							r2

						
					

					
							
							von-Bertalanffy

						
							
							27.37

						
							
							0.21

						
							
							-2.09

						
							
							0.74

						
							
							2.19

						
							
							242.87

						
							
							0.04

						
							
							-0.19

						
							
							0.73

						
					

					
							
							Gompertz

						
							
							23.41

						
							
							0.39

						
							
							-0.34

						
							
							0.74

						
							
							2.33

						
							
							153.42

						
							
							0.15

						
							
							2.01

						
							
							0.74

						
					

					
							
							Logistic

						
							
							21.79

						
							
							0.58

						
							
							0.33

						
							
							0.74

						
							
							2.44

						
							
							119.19

						
							
							0.29

						
							
							2.2

						
							
							0.73

						
					

					
							
							Richards

						
							
							23.41

						
							
							0.4

						
							
							-0.34

						
							
							0.74

						
							
							2.34

						
							
							153.41

						
							
							0.14

						
							
							2.06

						
							
							0.74

						
					

				
			

			DISCUSSION

			The length-weight relationship provides information on growth parameters for fisheries management and fish stock assessment (King, 2013). According to our data, the length-weight relationship of Randall’s threadfin bream in the East Mediterranean coast was calculated to be an isometric growth.

			Table IV. Growth parameters comparisons of Randall’s threadfin bream from different areas.

			
				
					
					
					
					
					
					
				
				
					
							
							Regions

						
							
							L∞

						
							
							K-1

						
							
							t0

						
							
							φ'

						
							
							References

						
					

					
							
							Eastern Indian

						
							
							21.9

						
							
							0.83

						
							
							-

						
							
							2.60

						
							
							Murty, 1981

						
					

					
							
							Iskenderun Bay

						
							
							34.96

						
							
							0.21

						
							
							-1.24

						
							
							2.41

						
							
							Erguden et al. 2010

						
					

					
							
							Arab Sea

						
							
							26.25

						
							
							0.32

						
							
							-0.54

						
							
							2.34

						
							
							Kalhora et al. 2017

						
					

					
							
							Iskenderun Bay

						
							
							27.37

						
							
							0.21

						
							
							-2.09

						
							
							2.19

						
							
							Present study

						
					

				
			

			 

			While the finding “a” and “b” for Randall’s threadfin bream in the East Mediterranean coast in this current study was found to be similar to that of the same fish species in Ergüden’s (2010) study from the same area but different location in Mediterranean Sea. It was found to be different from other regions e.g., Indian Coast (Murty, 1981), Arabian Sea (Kalhoro et al., 2017), Iskenderun Bay (Erguden et al., 2009). These differences could be the results of ecological and environmental factors. 

			The increase in the population of this fish species can be expressed as a successful invader lessepsian fish species in the Eastern Mediterranean. Iskenderun Bay in Eastern Mediterranean coastal waters are intense species diversity and overfishing areas. In addition to overfishing, very different of fishing methods are used in these fishing areas such as otter trawl, purse seine, set net long line. As it can be predicted that the overfishing of the economically important target fish species can result in its decline in a short period (Demirci et al., 2018).

			Additionally, the success of an invasive species can negatively affect the population of local fish species. After this lessepsian fish species was seen in the eastern Mediterranean, the catching of red pandora (Pagellus erythrinus), declined in the region since 2008. (unpublished material in Fisheries Department of the Government). In addition, this species has been evaluated as “Least Concern” according to the IUCN Red List of Threatened Species since 2014 (IUCN, 2014; Şimşek and Demirci, 2018). As a result, the decreasing in red pandora and increase in Randall’s threadfin bream was an evident from the change in the local fish market’s items. Additionally, the visual similarity of these two species (red color) plays an important role in this replacement. These fish have different taste and red pandora was the number one chosen fish at first. However, declining of the red pandora in amount and increasing of the Randall’s threadfin bream made people get used to this fish species in a very short period. As a result Randall’s threadfin bream became a preferred product and has got a new place in the tables in this region. 

			Successful invaders like Randall’s threadfin bream often exhibit in a wide variation in life-history traits, with differences evident between native and non-native populations or with dynamic shifts occurring over the course of an invasion (Fox and Copp, 2014). This new dynamic structure should be investigated to bring out the accurate estimation of the biological parameters of the Randall’s threadfin bream. This useful knowledge has importance in terms of sustainable fisheries in the future. 

			Biological traits that would be useful during the early phase of an invasion may be different from those that would be useful at a later phase. Thus, ‘r-selected’ life history traits may be favored during the initial stages of a species’ establishment and spread in a novel environment, because this species has low density and, in many cases, high food availability per individual ‘K-selected’ life-history traits. These traits can be expressed as lower reproductive investment and greater investment in individual offspring, may be favored where density levels are high enough to produce a more competitive environment (Bøhn et al., 2004; Villeneuve et al., 2005; García-Berthou, 2007; Fox and Copp, 2014; McKnight et al., 2017). 

			The morphometric properties are presents important parameters to biological studies (Qamar and Panhwar, 2019). In this study, length-age and weight-age growth parameters of Randall’s threadfin bream were estimated with four different growth models. It would not be right to compare the L∞, K-1, and to values in these four different growth models. The comparison of data of this study can be made with statistical confidence intervals in these four mathematical growth models. According the data of our study’s findings, these statistical comparison values are found to be the same (0.74, Table III) for mathematical growth models. However, this confidence interval r2 value in this current study was just above 0.70, which can be accepted lower limit levels in this kind of field studies. The closeness of these values (r2) is generally considered not only primarily due to a mathematical model, but also due to also age-related growth data. When we considered the results of the four different growth parameter’s models in this current study, Gompertz and Richards’s model could be evaluated the best one than all other models regarding the length distribution for the fish species.

			Figure 2A shows L∞ and to values are found to be closer to each other. The similar positive result for Gompertz and Richards’ model age weight and growth equations are also shown in the same figure. Residual values in Logistic and Richards fish growth models differentiated from each other.

			Comparing with previously reported studies, only the von Bertalanffy growth model can be used for estimation of length age parameters (Ergüden et al., 2010; Demirci et al., 2016). In the same fishing area, the maximum theoretical lengths in the Iskenderun Bay were slightly smaller than study reported by Ergüden et al. (2010) for Randall’s threadfin bream (Table IV). At the same time length distribution of this species was similar for Iskenderun Bay. The cause of this similarity could be defined as effects of overfishing pressure in the area and same environmental conditions. Although the length ranges of the fish in this study and findings of Ergüden et al. (2010)’s study were very similar to each other, there are some statical differences between them. 
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			Fig. 2. Length and age growth (A) and weight and age growth (B) of Randall’s threadfin bream by von-Bertalanffy, Gompertz, Logistic and Richards’s fish growth models.

			L∞ infinite value of the fish in this current study were calculated to be 27.37 which is in accordance with Murty (1981) and Kalhora et al. (2017) while it was lower than given in Ergüden et al. (2010) L∞ infinite value (34.90 cm) which is considered too high in the size distribution of the species according to King (2013). Additionally, it will not be correct to compare only L∞ in another region results. Instead, the K coefficient should be taken into account. Estimate of the growth coefficient K in this study was in parallel those of other studies (Ergüden et al., 2010; Murty, 1981; Kalhoro et al., 2017). Our results on this issue were found to be lower than value recorded by Erguden et al. (2010) in North East Mediterranean Coast and Murty (1981) and Kalhoro et al. (2017) in the Indian coast and Pakistan. The best way to be used in these comparisons is growth performance index (φ’). This study indicates a lower growth parameter according the index to the previous studies. The difference in these comparisons is natural, depending on the different variables in the regional ecological and fishery dynamics also the environment. It is clear that the difference in the study done in the same region is due to L∞ values as previously mentioned. In the Von Bertalanffy growth model used, the calculation of the confidence interval as a statistic will make the predicted values more realistic. The confidence interval was not given in the previous study of Ergüden et al. (2010).

			Inspite of geographic differences the size structure of local fish populations depends on factors such as water temperature, food availability and assimilative capabilities. The fishing method might also cause different results for growth parameters (Campana, 2001).

			The values of growth parameters L∞ and K-1 variables can effect each other positively. However, results of the study can be more useful for the sustainable use of fisheries management. Because the maximum length was observed to be 21.0 cm and the estimated value of L∞, was calculated to be 27.37 cm, which can be considered as a very high value by von Bertalanffy growth model (Sparre, 1987; Pauly and Munro, 1984). This species has showed fast growth characteristic with coefficients compared to most of the fish populations in the region. We believe that this species less affected by fishing pressure in region compared to other fish species which has same growth property. Considering this issue, Randall’s threadfin bream can be defined as a kind of opportunistic fish species in the Regional Fisheries management and  life-history traits of this species  is found to be K-selected. Therefore, it can be expected this species populations will be sustainable in the region. Litarature have supported this idea by indicating  distribution of the species other parts of the Mediterranean (Gulsahin and Kara, 2013; Stern et al., 2014; Aydın and Akyol, 2016).

			CONCLUSION

			Similar studies in this field  should be made for all fish compositions in the region to analyse population dynamics . Because dynamic structure of marine ecosystem may change continuously because of different fishing pressure and global climate change etc. In addition to, these differences also may affect  the fish growth parameters from  Iskenderun Bay and North East Mediterranean.
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The study was conducted to determine the age and the growth of the Lessepsian migrant Randall’s "
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threadfin bream, Nemipterus randalli (Russell, 1986). A total of 587 samples were collected from the i

eastern Mediterranean coast of Turkey between February 2012 and January 2013. Total length and total denllrc:l@lste.edu.tr

weight ranged from 7.7 to 21.0 cm and from 6.90 and 150.99 g, respectively. Length-weight relationship 0030-9923/2020/0003-1113 $
parameters were calculated for all individuals as a= 0.0106 and b= 3.09, and isometric growth was 9 ()()/(

determined. The population constituted five age-classes (0—IV years). Four growth models used to
identify the growth characteristics were von Bertalanffy, Logistic, Richards, and Gompertz growth
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models. Growth type of Randall’s threadfin bream has rapid property; hence the fish population may be ty of Pakistan
continued increasing in the Iskenderun Bay and other of Eastern Mediterranean regions.

INTRODUCTION

andall’s threadfin bream (Nemipterus randalli)

as a common distribution in the Indian Ocean,
the Persian Gulf, and the Red Sea (Russell, 1990). Its
definite occurrence in the Mediterranean also represents
a recent range extension (Lelli e al., 2008). The species
is an invasive species, first recorded by Golani and Sonin
(2006) in the Mediterranean. Subsequently, Bilecenoglu
and Russell (2008) and Gokoglu ef al. (2008) recorded this
species in the Mediterranean Sea coast of Turkey.

Randall’s threadfin bream has commercially
important locations in different areas of the world as
following: West Bay of Bengal (Krishnamoorthi, 1971),
Andaman Sea (Senta and Tan, 1975), and South China Sea
(Devaraj and Gulati, 1988; Kimoto and Johari, 1996). In
Iskenderun Bay, the threadfin bream was low in population
between 2008 and 2010 (Erguden ef al., 2010). Over time,
population density in the region increased as a major
stocks source for different fishing methods such as trawl,
hook, and set net.

Some biological growth parameters of this fish species
have been reported from different fishing areas (Samuel,
1990; Kimoto and Johari, 1996; Granada et al., 2004; Wu
et al., 2008) and also in the Iskenderun Bay (Erguden ef
al., 2010). In the Arabian Sea, the growth parameters of
the species have been reported by length frequencies data
(Kalhoro et al., 2017).

However, there is limited information for this species
about growth parameters. Therefore, this study was aimed
to estimate growth parameters of this species in terms
of length, weight and age for Iskenderun Bay Fishery.
Different mathematical growth models have been applied
for a more precise result in evaluating age-related growth
parameters (Demirci et al., 2016).

MATERIALS AND METHODS

The Randall’s threadfin breams were caught between
February 2012 and January 2013 in Iskenderun Bay, in the
Eastern Mediterranean. A total of 587 fish were captured
via the bottom trawl. Mesh size of trawl net was chosen
quite small (24 mm) for this study at depths of 30m-70m.
Trawling operations were carried out for 180 minutes at an
average speed of 2.7 knots.

The sampled fish were placed on ice in boxes for
transport to the laboratory. Lengths (to nearest mm) and
wet weights (nearest 0.01 g) were measured. Sagittal
otoliths were analyzed for age estimation (Williams and
Bedford, 1974). This analysis was carried out in three
stages. Firstly, all right otoliths were used (Jemaa ef al.,
2015). Secondly, all left otoliths were used. Finally, all
right and left otoliths readings were compared for accurate
estimation. These readings were carried out twice by the
main reader and independently by a second reader. Average
percent error (APE) and c.v. were calculated to compare





