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Introduction 

Myliobatis aquila, a member of the Myliobatidae 

family, is a benthopelagic species and usually found 

motionless over sandy bottoms during daylight 

periods (Ponte et al., 2016). The distribution of these 

species, extends from South Africa to the east of the 

Atlantic, the Mediterranean Sea and the western 

Indian Ocean. In Turkish waters, it has distribution 

areas in the Marmara Sea, the Aegean Sea and the 

Mediterranean. Although they generally prefer 

coastal waters below 50 m, they have been reported 

to be up to 537 m deep in some regions (Whitehead 

et al., 1986a, b). Myliobatis aquila has no commercial 

value within the Mediterranean Sea, and it is caught 

with trawl nets, trammel nets, and longlines as 

bycatch. According to La Mesa et al. (2016), during 

the last 40 years the common eagle ray has 

undergone a drastic decline in the Mediterranean 

Sea; and it is assessed as “Critically Endangered” 

category by the World Union for Conservation of 

Nature (IUCN) (Jabado et al., 2021). With the 

reported decline in batoids in recent years, the 
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importance of management and conservation 

strategies on this species has increased, underlining 

the need for better monitoring of populations 

worldwide and a better understanding of their life 

cycles. (Simpfendorfer et al., 2011). 

Published information on the comprehensive 

biology, ecology and distribution of M. aquila from 

the Mediterranean Sea (Rafrafi-Nouira et al., 2017; 

Valls et al., 2011; Tazerouti et al., 2011), Adriatic 

waters (Jardas et al., 2004; La Mesa et al., 2016; 

Bonanomi et al., 2018; Colombelli & Bonanomi, 

2022), and Atlantic waters (Ponte et al., 2016). There 

is some data on the length-weight relationships and 

diet, distribution, bycatch composition of M. aquila in 

Turkish waters, (Tunka Eronat & Özaydın, 2014; 

Keskin et al., 2014; Yığın & Ismen, 2009; Ceyhan et 

al., 2010; Ilkyaz et al., 2008; Ismen et al., 2007; Filiz & 

Bilge, 2004; Filiz & Mater, 2002; Yeldan et al., 2013; 

Bengil & Başusta, 2018; Gül & Demirel, 2020; Cabbar 

& Yığın, 2021).  

The present work is a contribution to the 

knowledge on the age and size distribution, growth, 

sex ratio, reproduction and feeding habits of 

common eagle ray in Saros Bay, the Northeastern 

Mediterranean. 

 

Material and Methods 

Fish samples were collected by monthly intervals 

between September 2006 and September 2008. 

Specimens were captured as bottom trawler with a 

stretched mesh size of 44 mm at the cod-end, 50-200 

m depth in the Gulf of Saros (Figure 1). In the 

laboratory, a total of 85 specimens were measured to 

the nearest centimeter for total length (TL) and disc 

width (DW). The total weight (TW) of each specimen 

was weighed to the nearest 10 g. The TL-TW and TL-

DW relationships were calculated separately for 

each sex. The slopes of the logarithmic transformed 

relationships TL-TW and DW-TW among sexes were 

tested by t-tests (Zar, 1999). A block of 10 vertebral 

centra were taken from above the abdominal cavity 

of 85 common eagle ray, vertebrae were cleaned of 

extraneous tissue with a scalpel, neural, and haemal 

arches were removed and individual centra were 

separated (Kadri et al., 2014). 

 

 
Figure 1. Sampling stations (Yığın, 2010) 

 

The vertebrae were then embedded in epoxy resin 

to enable cutting. To prepare the epoxy resin, 

Araldite epoxy GY502 and hardener HY 956 were 

mixed at a ratio of 5:1 and poured over the vertebrae 

in silicone molds and allowed to dry for 24 h 

(Campana, 2014). An IsoMet low-speed diamond 

bladed saw was used to prepare vertebral sections. 

Growth bands in vertebral sections were counted 

using an Olympus SZX7 stereomicroscope. The age 

of each specimen was determined from the number 

of opaque and hyaline bands deposited on vertebral 

centra (Figure 2). 

 

 
Figure 2. Photograph of a vertebral thin section of Myliobatis 

aquila in Saros Bay 

 

The von Bertalanffy growth equation (VBGE) 

(von Bertalanffy, 1938) was fitted to the data: Lt=L∞(1-
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 e-K(t-t0)), where Lt = total length at age t, L∞ = theoretical 

asymptotic length, K = growth rate coefficient, and t0 

= the theoretical age at zero length. The VBGE was 

calculated by using FISHPARM, a computer 

program for parameter estimation of nonlinear 

models with Marquardt’s (1963) algorithm for least-

square estimation of nonlinear parameters. 

In males, the length and rigidity of claspers was 

recorded according to Ebert (2005) and Kadri et al. 

(2014b). The clasper length (CL) was measured as the 

distance from its tip to the pelvic girdle. Males and 

females were sorted into immature, maturing and 

mature by macroscopic inspection of the 

reproductive organs according to Medit (2016). 

Monthly variability of reproductive status in mature 

males and females was assigned using the the 

hepatosomatic index (HSI). These index were 

calculated as HSI=(LW/TW)*100, where LW is liver 

weight in “g” (Capapé & Reynaud, 2011).  

 

Results and Discussion 

Length-frequency distribution 

This research study determined the sex ratios and 

length-frequency distributions of M. aquila 

individuals captured in the Gulf of Saros. The sex 

ratio of the samples was revealed to be M:F=1.07:1. 

The differences between the male and female 

individuals were not observed to be statistically 

significant (χ2 =0.11, df=1, P>0.05) (Schoonjans, 

2017). In terms of the length-frequency distribution, 

the females ranging from 40 to 50 cm (43.9%) in 

length conspicuously prevailed the sample, whereas 

the males of 40-50 cm and 50-60 cm were the most 

common sets and accounted for 27.3% of the 

captured specimens (Figure 3). Başusta and Aslan 

(2018) have researched the disc width (cm)-

frequency distributions of 94 Aetomylaeus bovinus 

individuals in the Northeastern Mediterranean Sea. 

They have revealed that males, females, and total 

with disc widths of 21-30 cm were abundantly 

available. In their study on Southern Brazil, Araújo 

et al. (2016) report 500 mm and 600 mm as the most 

common disc width measures in males and females 

of 95 Myliobatis goodei and 500 mm and 700 mm as 

the most common disc width measures in males and 

females of 175 Myliobatis ridens, respectively. The 

length-frequency distribution of sampled fish may 

vary according to fishing time, number of samples, 

net selectivity, and research site. 

 

 
Figure 3. The length-frequency distribution for males and 

females of Myliobatis aquila from the northern Aegean Sea 

 

Morphometric relationships 

In this study, 44 (51.8%) and 41 (48.2%) of the 

captured common eagle rays were male and female, 

respectively. The minimum total lengths, disc 

widths, and weights of the specimens were 29.5 cm, 

21.5 cm, and 120 g, while the maximum values were 

121.0 cm, 100 cm, and 12990 g, respectively. The 

statistical analyses showed that the relationships 

between the length-weight and the disc width-

weight did not vary between the male and female 

individuals (P>0.05). The total length-weight 

relationship was calculated to be TW=0.0012*TL3.20, 

and TW=0.0022*TL3.07 for the females and 

TW=0.0006*TL3.36 for the males. Positive allometric 

growth (P<0.05) was observed in the males, while 

isometric growth (P>0.05) in the females. The total 

disc width-weight relationship of the common eagle 

rays was calculated to be TW=0.0081*DW3.17 for 

pooled data, TW=0.0115*DW3.06 for the females and 

TW=0.0056*DW3.28 for the males. In terms of disc 

width-weight relationships, positive allometric 

growth (P<0.05) was observed in males, while 

isometric growth (P>0.05) in females. The studies on 

the length-weight and disc width-weight 

relationships of the Myliobatiformes specimens in 

other regions are provided in Table 1. As clear in 

Table 1, the “b” values of M. aquila vary across the 

species with high or low length and disc width. The 
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differences in the length-weight relationship 

parameters can be accounted for by the annual 

variations in seasons, locations, sampling time, 

population size, and environmental conditions 

(Moutopoulos & Stergiou, 2002; Froese, 2006; Al 

Nahdi et al., 2016). 

 
Table 1. Length–weight relationship parameters of Myliobatis species obtained by other authors and the present study 

Species Region Sex N 
Length (cm) Weight (g) Parameters 

Reference 
Min. Max. Min. Max. a b r2 

Myliobatis aquila 
North Aegean Sea 

(Edremit Bay) 
M+F 12 41.5 58.5 179.2 645 0.0014 3.18 0.87 Türker et al. (2018) 

Myliobatis aquila North Aegean Sea M+F 14 47.5 76.5 274.09 1500.00 0.0008 3.34 0.93 Filiz & Bilge (2004) 

Rhinoptera javanica Oman Sea M 4 33.7* 81 400 7840 0.0024 3.42 0.99 Rastgoo et al. (2016) 

Aetobatus flagellum Oman Sea 

M 5 32.0* 42.0* 510 950 0.1305 2.38 0.97 

Rastgoo et al. (2016) F 9 31.5* 66.0* 360 5420 0.0027 3.43 0.99 

M+F 14 31.5 66.0* 360 5420 0.0036 3.36 0.98 

Myliobatis aquila Aegean Sea 

M+F 54 41.1 179.5 67.65 15800 0.0005 3.42 0.95 

Tunka Eronat & Özaydın (2014) M 14 41.1 87.5 67.65 2260 0.0009 3.29 0.78 

F 40 43.5 179.5 168.6 15800 0.0004 3.5 0.96 

Rhinoptera marginata İskenderun Bay M+F 17 13* 92* 172 11000 0.0100 2.13 0.75 Başusta et al. (2012) 

Pteromylaeus bovinus İskenderun Bay M+F 22 32* 86* 730 7864 0.0194 2.90 0.90 Başusta et al. (2012) 

Myliobatis freminvillei North Carolina M+F+U 222 28 129 - - 0.0768 3.29 0.99 Wigley et al. (2003) 

Rhinoptera bonasus North Carolina 
M+F+U 78 34 103 - - 0.1821 3.23 0.98 

Wigley et al. (2003) 
M+F+U 5 43 51 - - 0.8913 2.09 0.96 

Myliobatis aquila Aegean Sea M+F 39 23.5 54.4 - - 0.0058 3.28 0.99 İlkyaz et al. (2008) 

Myliobatis aquila 
North Aegean 

Sea, Saros Bay 

M+F 85 29.5 121 120 12990 0.0012 3.20 0.87 

Present study M 44 29.5 100 120 3140 0.0006 3.36 0.93 

F 41 30.7 121 146 12990 0.0022 3.07 0.81 

*Disc width (DW, cm) 

n, sample size; M, male; F, female; U, unsexed; Min., minimum; Max., maximum; a and b, intercept and slope of length–weight relationship; r 2 , coefficient of determination 

 

Age and Growth  

Başusta and Aslan (2018) have determined the ages 

of 94 Aetomylaeus bovinus species in the Northeastern 

Mediterranean Sea based on vertebral sections from 

the captured specimens. They calculated the 

maximum age to be 14 years. The von Bertalanffy 

growth equation parameters were DW∞ = 242.59 cm, 

K = 0.056 year-1 and t0 = -1.904 year for the females 

and DW∞ = 238.43 cm, K = 0.044 year-1 and t0 = -2.982 

years for the males. Martin and Cailliet (1988) have 

determined the age and growth parameters of the 

Myliobatis californica species in the Californian 

waters. They have performed two methods on the 

vertebrae. They have enhanced the growth bands on 

the vertebral centra by using oil-clearing and x-

radiography. X-radiography was found to yield the 

most realistic growth curve for the males, while oil-

clearing for the females. The von Bertalanffy growth 

curves harvested by these methods have shown that 

female eagle rays reach a greater asymptotic size 

(DW = 1587 mm) and exhibit a lower growth rate (K 

= 0.0995 year-1) than males do (DW = 1004 mm, K = 

0.229 year-1). In a study carried out in Argentine, the 

maximum ages for M. goodei and M. ridens were 

determined to be 23 years and 17 years, respectively 

(Ruocco et al., 2012).  

In the present study conducted in the Northern 

Aegean Sea, the asymptotic sizes and the growth 

rates were calculated to be 164.08 cm and K=0.08 

year-1 for the female M. aquila individuals and 148.09 

cm and K=0.11 year-1 for the males (Table 2). The 

maximum age was ten years for the males and 16 

years for the females. Age distribution of M. aquila 

according to size class was presented in Table 3. 

Holden (1974) have made some suggestions 

concerning the K growth rates of batoids. Despite 

their similar body forms, the reproductive biology, 

global distributions, taxonomic relationships of the 

species of the Myliobatidae and Rajidae families can 

be operationalized to account for the differences in 

growth rates. Ryland and Ajayi (1984) have found 

the K values for three Rajas to range between 0.086 

and 0.152. The differences in these species’ growth 

rates are great although they look similar. Smith and 

Merriner (1987) report similar variations. Further 

research is required for more precise age analyses. 
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 Table 2. von Bertalanffy growth parameters for Myliobatis aquila (C.I.: Confidence Interval) 

Sex 
von Bertalanffy Growth Parameters 

L∞ (95% C.I.) K (95% C.I.) t0 (95% C.I.) 

Males 148.09 (52.11−244.09) 0.11 ((-0.02)−0.24) -0.16 ((-1.72) −1.39) 

Females 164.08 (110.64−217.52) 0.08 (0.03−0.14) -0.65 ((-2.12) −0.82) 

Total  154.15 (119.26−189.04) 0.09 (0.06−0.14) -0.29 ((-1.10) −0.51) 

 
Table 3. Age distribution of Myliobatis aquila according to size class (cm) 

Size class (cm) 
Age (Years) 

1 3 4 5 6 7 8 10 14 16 Total 

35-40 1.5          1.5 

40-45  6.2         6.2 

45-50  9.2 6.2        15.4 

50-55   21.5 4.6       26.1 

55-60    10.8 1.5      12.3 

60-65    15.4       15.4 

65-70    3.1       3.1 

70-75     1.5      1.5 

75-80     3.1      3.1 

80-85      4.6 1.5    6.1 

85-90      4.6     4.6 

90-95        1.5   1.5 

95-100         1.5  1.5 

120-125          1.5 1.5 

Total 1.5 15.4 27.7 33.9 6.1 9.2 1.5 1.5 1.5 1.5 100 

            

 

Reproductive characteristics 

Because of the inadequate number of the mature M. 

aquila individuals analyzed in the present study, the 

length at first sexual maturity of the species could 

not be determined. In the course of the research, the 

diameters and weights of 60 oocytes obtained from a 

single individual in March, measuring 121 cm and 

weighing 12990 g, were measured. Their ovaries 

were measured to have a length of 74 mm on the 

right and 97 mm on the left and a width of 43 mm on 

the right and 50 mm on the left. The minimum and 

maximum oocyte diameters and weights of this 

individual were 0.3 mm and 1.1 mm and 0.04 g and 

1.4 g, respectively. 37 of 44 M. aquila males were 

identified as juveniles, while seven as mature 

individuals. The individuals shorter than 70 cm were 

observed to exhibit uncalcified claspers, whereas the 

ones longer than 77 cm had calcified claspers. The 

lengths of the claspers (CL, cm) increased with the 

total fish lengths (Fig. 4). Previous research on the 

reproduction of the Myliobatis species reports similar 

increasing patterns of clasper lengths (Martin & 

Cailliet, 1988; Schluessel et al., 2010; Araújo et al., 

2016). 
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Figure 4. Relationship between total length and clasper length, 

for males of Myliobatis aquila from the northern Aegean Sea. 

 

In the research conducted in Southern Brazil, 

Araújo et al. (2016) have failed to determine the first 

sexual maturity of Myliobatis goodei and Myliobatis 

ridens males due to the inadequate number of the 

specimens. Yet they report the length at first sexual 

maturity of the M. goodei species as 55.5 cm (DW). 

The ones longer than this measure have been 

detected to be young or mature individuals. The 

sigmoid form between the clasper length and disc 

width has been observed to be underdeveloped 

owing to the lower number of the specimens. The 

lengths of the clasper glands have been noted to 

range from 20 to 40 mm in the maturing and mature 

males. The length at first sexual maturity of M. ridens 

has been determined to be 55.8 cm (DW). The 

weights of the right and left testes are different in M. 

goodei. Maruska et al. (1996) report that right testicles 

in rays are smaller than the left ones, which is 

assumed to result from the placement of the other 

internal organs. Hamlett (2005) states that testes in 

rays are paired and correspond to 1–5% of body mass 

in adults. Males of M. californica and M. longirostris 

have been observed to reach maturity when they 

have a disc width (DW) of 55-56 cm (Villavicencio-

Garayzar, 1996). Capapé et al. (2007) report 52 cm 

DW for the mature M. aquila males. Araújo et al. 

(2016) have found that female M. goodei individuals 

attain first sexual maturity at a DW of 68.3 cm and 

have identified all the females over 74 cm DW in 

their sample as mature. They have also determined 

that the M. ridens females reach first sexual maturity 

at 66.2 cm and the individuals over 73 cm are mature. 

In a study on the Argentinian seas (Ruocco et al., 

2012), the lengths of female M. goodei and M. ridens 

at first sexual maturity are noted to be 59.9 cm and 

55.9 cm (DW50), respectively. Molina and Lopez 

Cazorla (2015) report 48.7 cm (DW50) as the length at 

first sexual maturity for M. goodei females. In a 

research study (Capapé et al., 2007) on Myliobatis off 

the Mediterranean coast of Languedoc in France, 

females are remarked to attain sexual maturity at 73 

cm (DW). Martin and Cailliet (1988) have 

determined the average maturity size of M. 

californica females to be 88.1 cm. Snelson et al. (2008) 

suggest that individuals of the same species do not 

necessarily mature at the same chronological age 

owing to different growth rates. They also express 

that the geographical rates of some species and size 

and age of sexual maturity may vary depending on 

their geographical distributions.  

 

Hepatosomatic index (HSI) and Maturity stages 

In this study in the Gulf of Saros, no significant 

difference was observed between the male and 

female M. aquila individuals in terms of 

hepatosomatic indices (HSI) (F=0.43, df=1, P>0.05). 

The highest HSI in the males was calculated in the 

individual with a length of 88.4 cm (TL) (8.14%). HSI 

has been observed to increase when males enter 

maturation and start to grow larger and reaches the 

highest value in mature individuals (Capapé et al., 

2008). The highest HSI in the females was calculated 

in the individual with total length of 121 cm (17.56%) 

(Fig. 5). The highest HSI values in the present study 

were generally retrieved in spring, autumn, and 

winter.  

Araújo et al. (2016) have observed that mature M. 

goodei and M. ridens females are more widely found 

in spring and summer and prefer to populate the 

shallow waters in Southern Brazil to give birth. 

Molina and Lopez Cazorla (2015) have discovered 

that M. goodei adults migrate to the shallow coastal 

areas in the Anegada Bay, Argentina, during spring 

and summer. A similar behavior is reported in M. 

aquila species in the coastal waters of Languedoc, and 

pregnant females have been observed to swim near 

warmer coastal areas to deliver their youngs in 

certain periods of the year (Capapé et al., 2007, 2008) 

Araújo et al. (2016) note that the relationship 
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 between the hepatosomatic index and 

gonadosomatic index and months for M. goodei and 

M. ridens males show no clear correlation due to the 

small sample size. Maruska et al. (1996) have studied 

Dasyatis sabina (Lesueur 1824) males on the eastern 

coast of Florida to indicate that hepatosomatic 

indices increase in summer but decrease in autumn 

and winter and to report maximum gonadosomatic 

indices at the onset of mating in autumn. There is a 

linear relationship between liver and ovaries and 

that vitellogenesis is triggered by the liver. Hamlett 

(2005) has detected the highest HSI value in 

Galeorhinus galeus (L. 1758) females during 

pregnancy and reports that liver weight and lipid 

content increase before gestation. The liver mass of 

mature Atlantoraja cyclophora (Regan, 1903) females is 

correlated with energy consumption during 

vitellogenesis, oocyte maturation, and pregnancy 

(Oddone & Velasco, 2006), which is also reported by 

Capapé et al. (2008) for M. aquila. M. goodei has been 

determined to give birth in December off the coast of 

Southern Brazil and to mate again a few months later 

(Araújo et al., 2016). Colonello et al. (2013) note that 

M. goodei individuals undergo a replenishing or 

recovering process prior to a new reproductive cycle 

and then enter a gestation of a short time (4-6 

months). Previous research also provides the 

accounts of pregnant females during spring and 

summer.  

 

Feeding habits 

The analysis of the M. aquila specimens’ stomach 

contents showed that their primary source of food 

was mollusca (%IRI=47.86). The examination 

revealed a great amount of digested material 

(%IRI=33.61), which is followed by teleostei 

(%IRI=14.02), annelida (%IRI=2.99), and crustacea 

(%IRI=1.52) (Table 4). 

 

 
Figure 5. Variations in hepatosomatic index (HSI) versus total 

length in male Myliobatis aquila 

 
Table 4. Diet composition of Myliobatis aquila presented as 

percentage numerical composition (%N), percentage weight of 

prey items (%W), percentage frequency of occurrence (%F) and 

percentage index of relative importance (%IRI) 

Prey item %N %W %F %IRI 

Annelida        

Polychaeta* 6.10 6.98 8.33 2.99 

Mollusca     

Gastropoda* 34.15 15.43 20.83 28.38 

Turitella communis 31.71 10.15 16.67 19.17 

Cephalopoda* 1.22 1.47 4.17 0.31 

Crustacea     

Decapoda* 8.54 1.54 4.17 1.15 

Natantia* 1.22 1.99 4.17 0.37 

Teleostei 

Fishes* 9.76 20.86 16.67 14.02 

Other 7.32 41.60 25.00 33.61 
*Unidentified 

 

Gray et al. (1997) have analyzed the stomach 

contents of 503 M. californica individuals from the 

Humboldt Bay to find clams as the primary prey. 

Based on the index of relative importance and 

Shannon-Weiner diversity index, they have shown 

that the feeding habits of Myliobatis species change 

with increasing size. Myliobatis specimens smaller 

than 40 cm in particular feed on small clams 

(%IRI=56.89), whereas ones larger than 90 cm 

primarily prey Cancer crabs (%IRI=21.98). As rays 

get larger in size, they eat larger and varied preys. 

Jacobsen and Bennett (2013) have shown that 

Myliobatoidei species predominantly feed on 

decapod crustaceans (%IRI=31.71) and teleosts fishes 
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(%IRI=16.45). Jardas et al. (2004) have examined the 

food composition of M. aquila specimens in the 

Eastern Adriatic Sea. Among the most prominent 

preys of 165 individuals in total are molluscs (e.g., 

scaphopods, gastropods, bivalves, and cephalopods) 

(%IRI=57.1), which are followed by sipunculids 

(%IRI=23.1). Among the molluscs, bivalves account 

for %IRI=33.7 and gastropods for %IRI=20.6. 

Schluessel et al. (2010) have investigated the dietary 

habits of Aetobatus narinari from Queensland, 

Australia and the Penghu Islands, Taiwan. Molluscs 

numerically and gravimetrically correspond to the 

most crucial prey items in both regions. Their IRIs 

was calculated to be 85.9% in Australia and 99.9% in 

Taiwan. Minor dietary composition in A. narinari has 

been discovered to become less gastropod–

crustacean-based and more gastropod–bivalve-

based as they attain larger body sizes. 

Cartilaginous fish are biologically characterized 

to be long-lived and to exhibit late maturity. Because 

of the inadequate number of the mature M. aquila 

individuals analyzed in the present research study, 

their lengths at first sexual maturity could not be 

determined. Capapé et al. (2007) report that M. aquila 

males attain maturity at 520 mm DW. In this context, 

it could be concluded that the examined species were 

mostly captured prior to their first sexual maturity. 

Given that this will not be the case only in this study 

but also hold true for commercial fishing, it can be 

suggested that this situation will lead to fishing 

pressure on the respective species. Further research 

is needed for a better understanding of the biology 

of these species, which are categorized as “Critically 

Endangered” by the IUCN (Jabado et al., 2021). 

Understanding the life history and mitigating the 

fishing pressure on these critically endangered 

species is of paramount importance for their 

conservation and long-term survival. 
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