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Abstract: Spatiotemporal distribution of sharks collected by the Otter trawl in 2009-2011 and 2014-2015 was studied 

for their biometrical characteristics, and fish assemblage and ecology in shelf-slope of Antalya Gulf. Four species 

was found only on the shelf, two species from middle shelf to shelf break and three species from shelf edge to shelf 

break. Scyliorhinus canicula was the most abundant and the most frequently occurred species during 2009-2010 and 

then occurrence of S. canicula decreased. The rarest species were Etmopterus spinax and Oxynotus centrina. Average 

annual abundance was above 800 ind/km2 in 2010-2011 and below 50 ind/km2 in 2014-2015. Species richness 

decreased from winter to spring. Abundance ranged from 5 ind/km2 in June to 964 ind/km2 in August. Sallower zone 

inhabited lower number of species than the deeper zone. Abundance increased from shallower to the deeper waters. 

The species had a positive allometric or isometric growth. Unimodal species peaked at 75-100 m and at 300 m. 

Ubiquitous species had a bimodal distribution. The species were discriminated from the deeper water to the shallower 

water. The species-environment relation was correlated positively by the bottom depths, followed negatively by 

Secchi disk depth, and water salinity and positively by near-bottom chl-a and finest bioseston. 
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Introduction 

Chondrichthyans (or cartilaginous fishes) populations are 

vulnerable to overfishing, local extirpation and population 

collapse from which they are slow to recover (Fowler et 

al., 2005; Garofalo et al., 2013; Ramírez-Amaro et al., 

2020) even though they act as top predators in the trophic 

food web (Galván-Magaña et al., 2019). K-selected life 

history characteristics (eg. slow growth, late age at 

maturity, low fecundity and productivity), combined with 

the tendency of many species to aggregate by age, sex and 

reproductive stage, have serious implications for the 

sustainability of fisheries for cartilaginous species, 

particularly for apex predators with few or no natural 

enemies and naturally small populations, even at their 

centres of distribution (Stevens et al., 2000; Fowler et al., 

2005). Besides the spatiotemporal variation (Follesa et al., 

2015), the anthropogenic sources (trawling, pollution; low 

survival rate and recovery to sea, the injury of individuals, 

and intensive scientific studies, and the drastic changes in 

the environmental conditions) have induced abundance of 

the Elasmobranches to be fluctuated in time and space 

(Ligas et al., 2010; Gurbet et al., 2013; Barría et al., 2015; 

Galván-Magaña et al., 2019). 

A total of 89 species of Chondrichthyes recorded in the 

Mediterranean Sea, 49 are sharks, and 57 species were 

assessed in the IUCN Red List of Threatened Species 

(Guijarro et al., 2012; Dulvy et al., 2014; Mancusi et al., 

2020; Serena et al., 2020). In general, about half of 
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Elasmobranches comprised the sharks in the different 

regions of the Mediterranean Sea (Bertrand et al., 2000; 

Follesa et al., 2019), but this ratio is comparatively less or 

similar in the Turkish Mediterranean waters (Yağlıoğlu et 

al., 2015; Güven et al., 2012; de Meo et al., 2018). 

Currently, 38 species of sharks are occurred in Turkish 

waters (Kabasakal, 2021; Turan et al., 2021). 

The Mediterranean studies on the sharks were 

sufficiently conducted on a wide variety of topics through 

reproduction biology (e.g. Capapé et al., 2014), biological 

aspects (Aranha et al., 2009), diet (Follesa et al., 2019), 

population dynamics (Ivory et al., 2004), habitats (Lauria 

et al., 2015), morphometrical measurements 

(Evagelopoulos et al., 2017), sex composition and spatio-

temporal distribution (D’Onghia et al., 1995; Follesa et al., 

2019) of single chondrichthyan species, and fish 

assemblages and associations (Moranta et al., 2008), 

density trend from the long-term time series data (Jukic-

Peladic et al., 2001; Ramírez-Amaro et al., 2020), fishery 

impact (Barausse et al., 2014), by-catch and discards 

(Damalas and Vassilopoulou, 2011), illegal fishing 

(Giovos et al., 2020), conservation (Dulvy et al., 2014), 

the red list (Mancusi et al., 2020), and ecology (Barria et 

al., 2015) of the chondrichthyan fishes. The studies were 

contributed from a broad Mediterranean part located 

between Crete and Straits of Gibraltar. The Levantine Sea 

was not however significantly studied for the 

Elasmobranches. Most of the studies in the Levantine Sea 

were conducted in the Turkish waters of a particular bay 

(Iskenderun Bay, a lesser extend to Mersin Bay and 

Antalya Gulf). The other studies were published on the 

elasmobranches from the Turkish waters of the Aegean 

Sea, particularly Saros Bay. 

The Turkish studies on sharks were focused mostly on 

length-weight relationships (e.g. Filiz and Mater, 2002; 

Ismen et al., 2009; Yemişken et al., 2019a, b), record of 

species occurrence (Akyol et al., 2015), population 

dynamics (Özcan and Basusta, 2018a, b), stomach 

contents (Kabasakal, 2001; Bengil et al., 2018), 

reproduction biology (Koç and Erdoğan, 2018), discards 

(Yağlıoglu et al., 2015), sex ratios and spatio-temporal 

distributions (Kabasakal et al., 2017). The studies above 

were conducted in the Iskenderun Bay (the easternmost 

Mediterranean Sea) and Saros Bay (the northernmost 

Aegean Sea), and a lesser extend to Antalya Gulf with the 

studies only on length-weight relationships (Güven et al., 

2012) and fish assemblage and ecology including the 

sharks (de Meo et al., 2018). Recently, Kabasakal (2021) 

reviewed the current status of shark fauna of Turkish 

waters based on available data, recorded during the last 

three decades. 

Shark species of the present study were examined for 

their spatiotemporal distribution of their biometry 

(primarily on density; abundance and biomass, and 

secondarily on morphometrics) in a sensitive area of the 

Turkish Mediterranean Sea, the Gulf of Antalya which is 

characterized as one of the poorest biodiversity of the 

Elasmobranches in the Mediterranean Sea (Coll et al., 

2010). Regarding their ecological importance in the 

marine environment and the recent historical lack of 

comprehensive information on their distribution and 

ecology in the Turkish Mediterranean waters, the aim of 

this study is to provide baseline information on 

bathymetric and seasonal ecological distribution and 

biometrical patterns (density, morphometric traits, and sex 

composition) of the sharks in a region of the most ultra-

oligotrophic waters (Sisma-Ventura et al., 2017) of the 

Mediterranean Sea and to determine their biometrical 

dynamics and the species-environment relationship. 

 

Material and Method 

The material and method of the present study was well 

described and detailed in a previously published paper 

(Mutlu et al., 2022). 

 
Sample collection 

Shark samples were collected from two bottom trawl 

(Otter trawl; 88 mm-wing mesh size and a code-end 

having diamond mesh of 44 mm of) surveys including 

both fishery period (15 September–15 April) and non-

fishery period (16 April–14 September) in the Antalya 

Bay (Figure 1) of the Turkish Mediterranean coast during 

years 2009-2011 and 2014 and 2015. 

The first survey was performed monthly throughout 

October 2009–June 2011 and covered two sub-regions R1 

(bottoms unvegetated by the meadows) and R2 (shallower 

bottoms less than 30 m, vegetated by the meadows), both 

open to the fishery (Figures 1a, c). The samplings were 

carried out at four depth strata of 0–50, 50–100, and 100–

200 m on the shelf and 200–300 m on shelf break. The 

towing duration varied between 1 h and 4 h (Figure 1a). 

However, the environmental parameters were not 

measured. 
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Figure 1. Monthly (1; January to 12; December on color bar) trawl sampling track lines during 2009-2011- and two-miles border for prohibition of the 

fishery, red line and 12 miles border, blue line (a), and study area in red frame and track lines of the seasonal trawl towing during 2014-2015 (blue; May 

2014, green; August 2014; red; October 2014 and magenta; February 2015). Standard fixed depths are in the order of the shallowest to the deepest 

bottom depths from the coast to open water seaward in each of regions (R1-R3) (b) and the study area showing the different bottom types from the 

acoustical track lines by the echosounder during 2014-2015 (c). 
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In the second survey, fish samples were collected 

seasonally in May 2014 and August, October, and 

February 2015 on the shelf and shelf break (Figure 1b). To 

determine the sharks’ ecological preference, the 

environmental parameters were measured simultaneously 

as previously described by de Meo et al. (2018) and Mutlu 

et al. (2021). The study area was divided into three sub-

regions (R1, R2, and R3 which has been prohibited by the 

trawl fishery throughout year) and each region had 5 fixed 

sampling stations located at 10 m, 25 m, 75 m, 125 m, and 

200 m bottom depths and 300 m only once at each of R1, 

R2, and R3 (Figure 1b). For riverine effects on the 

elasmobranchs, a region R4, which was restricted 

coastally by a deepest bottom of 75 m, was added to the 

present study. The trawling was kept to be standard 

duration (30 min) for all sampling. All specimens of 

elasmobranchs were individually measured for their body 

length (mm), width (mm), and weight (0.01 g) on board 

then recovered to the sea. The individual sex was 

determined from specimens having the claspers or not.  

 
Data standardization  

Data of most studies were analyzed based on the number 

of individuals and weight per haul for the elasmobranchs. 

A total of 1241 specimens of sharks were captured during 

the present study (Table 1). The total number of 

individuals and weight per haul were converted to 

abundance (ind/km2) and biomass (kg/km2) over the swept 

area, since trawling durations were not fixed between two 

different surveys. For the swept area, geographical 

coordinates of Differential-Global Positioning System (D-

GPS) recording data at every 1 sec were converted to the 

swept area with estimations of the trawling distance 

multiplied with sweeping width calculated by multiplying 

the floatline length (35 m) with a multiplier of 0.5 (Pauly, 

1980).  

 
Statistical analyses 

Spatiotemporal distribution of the sharks was evaluated by 

interpreting the results of the following the statistical 

methods and analyses. Soyer’s index based on dominance 

(D%), frequency of occurrence (FO%), and numerical 

occurrence (NO%) were evaluated to determine constancy 

of the species occurrence in the study area (Soyer, 1970). 

The total length-weight of the species individuals was 

regressed using power-fit model of the regression equation 

and the equations were tested for the difference among sex 

and spatiotemporal factor using Analysis of Covariance 

(ANOCOVA) of the statistical tools of the MatLab (vers. 

2021a, Mathworks Inc.). Length frequency was based on 

bin size estimates from the COST function (Shimazaki and 

Shinomoto, 2007) for each species. The kernel density 

function (KDF) was used to estimate number of cohorts 

and length ranges of each cohort for each species. 

The following statistical analyses were applied to test 

for differences in the variables (biomass, abundance, total 

individual length and weight, and sex ratio; female:male) 

obtained from the species among the time (month and 

year) and space (depth and region). Three-way analysis of 

variance (3-way ANOVA) was subjected to the abundance 

among time, depths, and regions. The Post-hoc test (LSD, 

least significant difference) was then applied to each 

variable separately for each factor (way). All statistical 

analyses were performed using the statistical tool of 

MatLab. Faunistic characteristics of the elasmobranchs 

were represented by mean number of species (S), 

abundance (N), Margalef’s richness index (d), Pielou’s 

evenness index (J’), and Shannon-Weiner diversity index 

(H’) estimated using PRIMER (PRIMER, vers.6+).  

Furthermore, Bray-Curtis similarities based on log10-

transformed abundances of the sharks were applied to 

PERMANOVA to test the differences among the sampling 

years, month and bottom depths using PRIMER. The 

abundance of elasmobranch species including batoids was 

subjected to canonical correspondence analysis (CCA) to 

cluster the stations to estimate the shark species-

environment relationship and the shark species-

megabenthic fauna and osseous fish relationship (Garuti 

and Mutlu, 2021; Patania and Mutlu, 2021; de Meo et al., 

2018, respectively), as megabenthic fauna was the 

presumed food of the sharks for a period of 2014–2105 

using CANOCA (vers. 4.5). Spearman correlation was 

applied between abundances of the shark species and 

megabenthic species, and osseous fish.  
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Table 1. Annual summary and conclusion of the measurements and estimates for the shark species (Abbs; abbreviations used in the analyses); densities (prefix, minimum; M - maximum; Mx and average; A ± SD, of abundance 

in ind/km2; suffix, A and biomass in kg/km2; B), sex composition; SxR (female:male ratio; zero, 0 means that only male present and 2 means only female present), size range; SR (total length, cm in 2009-2011 and body 

width, cm in 2014-2015), number of cohorts estimates; #C, length/width-weight relationships (regression coefficients, a and b, bold values for the combined periods), growth type (T; isometric; I and allometric; negative; N 

and positive, P), depth ranges; DR (m) and month; M when the maximum abundance was recorded. No: insufficient data or no species found. * rare species.  

Ordo/Species  Abbs MA - MxA AA MB - MxB AB SxR LR #C a b T n DR M 

Carcharhiniformes 
 7.07-16895 8.24-1478 0.29-1241 10.98-102.75 0-1.05 9-90.2 8-14     30-300 2,6-8 

 20.00-485.00 24.0-189.12 0.37-48.45 16.24-36.66 0-0.98 12.1-59.5 1-8     75-300 2,8 

Carcharhinus plumbeus*  C pl 
30 -30 30 30 - 32.11 32.11 0:1 90.20 No No No No 1 30 7 

24.00 -24.00 24.00 36.66 - 36.66 36.66 0:1 59.50 No No No No 1 75 8 

Galeus melastomus G me 
12.48- 2072.1 384.49 ± 752.22 0.29 - 51.87 10.98 ± 18.28 0.57 13.0-50.1 8 0.0022 3.065 P 132 200-300 2 

No - No No No - No No No No No No No No 0 No No 

Mustelus mustelus* M mu 
7.07 - 10.43 8.24 ±1.89 4.10 - 23.57 13.98 ± 9.73 1:0 52.0-87.4 No 0.0102 2.754 N 4 30-40 6 

No - No No No - No No No No No No No No 0 No No 

Scyliorhinus canicula S ca 
35.61 - 16895 1478.0 ±3691.8 3.51 - 1241.6 102.75 ± 267.06 1.05 9-39 14 0.0016 3.169 P 967 200-300 8 

20.00 - 485.00 189.12 ±186.61 0.37 - 48.45 16.24 ± 18.99 0.98 12.1-39.5 8 0.0013 3.505 P 71 200-300 2 

Squaliformes 
 23.16-502.27 23.16-502.27 3.56-61.85 6.87-61.85 0.75-2 13-61.7      200-300 3-7 

 0-0 0-0 0-0 0-0          

Etmopterus spinax E sp 
502.27 - 502.27 502.27 8.70 - 8.70 8.70 0.87 13-19 No 0.0055 2.914 N 43 300 3 

No - No No No - No No No No No No No No 0 No No 

Oxynotus centrina* O ce 
23.16 - 23.16 23.16 61.85 - 61.85 61.85 1:0 51-61.7 No No No No 2 300 7 

No - No No No - No No No No No No No No 0 No No 

Squalus blainvillei* S bl 
35.61 - 73.67 54.17 ± 19.04 3.56 - 9.91 6.87 ± 3.18 0.75 22-42 No 0.0048 2.968 I 8 200-300 5 

No - No No No - No No No No No No No No 0 No No 

Squatiniformes 
 12.34-12.34 12.34-12.34 46.16-46.16 46.16-46.16 1:0 80.4-80.4      200-200 5 

 22.00-102.00 55.00-59.00 12.25-252.17 69.47-196.95 0-2 44.0-79.0      10,75-200 8,10 

Squatina oculata* S oc 
12.34 - 12.34 12.34 46.16 - 46.16 46.16 1:0 80.4 No No No No 1 200 5 

25.00 - 102.00 55.00 ± 41.22 12.25 - 107.23 69.47±50.38 2:1 48.2-79.0 No 0.0315 2.673 N 5 10, 200 8 

Squatina squatina* S sq 
No - No No No - No No No No No No No No 0 No No 

22.00 - 92.00 59.00 ± 35.17 15.64 - 252.17 196.95 ± 118.38 0:1 44-77.5 No 0.0079 3.013 I 6 75-200 10 
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Results  

Twenty species of elasmobranches were recorded in the 

present study, of which representing 9 species of sharks, 

and 11 batoids, including 1 guitarfish, 4 rays and 6 skates 

(Mutlu et al., 2022). Eight shark species were found in 

2009-2011 whilst only 4 species were in 2014-2015. Four 

species were found only on the shelf, two species in a zone 

from middle shelf to shelf break (300 m) and three species 

from shelf edge to shelf break. However, any constant and 

common species was not estimated according to Soyer’s 

index in the pooled periods. Scyliorhinus canicula was the 

common species and the most frequently occurred species 

(D%=42.50% and FO%=50.00%), followed by Galeus 

melastomus (17.50% and 20.59%) during 2009-2010. S. 

canicula became a rare species (D%=11.39%) and was the 

most dominant and the most frequently occurred species 

(56.25%) during 2014-2015. S. canicula comprised 

numerically (abundance) of 89.29% (NO%) of the total 

abundance of all species. S. canicula was numerically 

(abundantly) occurred species in 2009-2011 (89.77%) and 

2014-2015 (81.12%). The rarest species were Etmopterus 

spinax and Oxynotus centrina among the other rare species 

in the study area (Table 1).  

 
Spatiotemporal distribution 

Of 9 shark species identified in the present study, 4 species 

belonged to order Carcharhiniformes, and followed by 3 

Squaliform and 2 Squatiniform sharks, which are 

representing 8 families (Table 1).  
 

Scyliorhinus canicula (Linnaeus, 1758) 

(Carcharhiniformes: Scyliorhinidae): The small-spotted 

catshark was recorded only between a seafloor depth of 

200 m and 300 m during 2009-2011 and 2014-2015  

(Figure 2). The maximum biomass and abundance 

were recorded at 300 m in August of 2010 and May of 

2011 (Table 1). In 2014-2015, maximum abundance and 

biomass were estimated to be 485 ind/km2 and 50 kg/km2, 

respectively, during the cold seasons (Figure 2). 

Overall, the female and male individuals shared the 

population fifty-fifty percent in the first survey whereas 

the population was overall mostly dominated by the males 

in the second survey (Figure 2). The total length of the 

species varied between 9 cm and 39.5 cm (Figure 3). The 

length distribution was significantly different among the 

year, months, and sexes (p = 0.038, 4.23 x 10-19 and 1.63 

x 10-8), but was not among the bottom depths (p = 0.196). 

The COST function estimated the optimum length class 

interval as 0.5 cm for a length distribution in a range of 9 

cm to 39 cm (Figure 3). The KDF estimated number of 

cohorts as 14+ during 2009-2011, and the population was 

dominated by cohorts 6, and followed by 4 of 8+ cohorts 

in 2014-2015 (Table 1, Figure 3). The length (cm) - weight 

(g) relationships were significantly different among the 

months and sexes (ANOCOVA, p = 4.95 x 10-19 and 9.16 

x 10-11, respectively) but was not among the years and 

bottom depths (p = 0.080 and 0.119, respectively). All sex 

(total; regardless of sex, female and male) showed a 

positive allometric growth (t = 3.95, 2.41 and 3.88, n = 63, 

40 and 23, respectively) (Table 1). 
 

Galeus melastomus Rafinesque, 1810 (Pentanchidae): 

The blackmouth catshark was caught at depth of around 

300 m, and mostly during the cold-water months 

(December-March/April) in years 2010 and 2011. The 

maximum biomass was about 50 kg/km2 and abundances 

about and greater than 2000 ind/km2 (February). However, 

the species was not encountered in 2014-2015 (Table 1). 

The biomasses were not significantly different among the 

years, and the bottom depths (p = 0.636 and 0.776, 

respectively) but was among the months (p = 0.0066). The 

biomasses varied between < 0.6 ± 0.17 kg/km2 (January 

and April) and 4.07 ± 0.17- 8.91 ± 0.17 kg/km2 (the rest 

of months). The females outnumbered the males in the 

population at 200-250 m (the ratios: 2.7 ± 0.5) while the 

males were dominated at 300 m (0.3± 0.2). The total 

length of G. melastomus varied between 13 cm and 51 cm. 

The total length was longer (24.5 ± 0.7 cm) in 2010 than 

2011 (20.8 ± 0.5 cm). The individuals had longer body in 

January (25.7± 2.1 cm) and in July (31.3 ± 1.1 cm) than 

the other months (about 21 cm). The length was similar 

(21.2-22.6 ± 0.6 cm) between the sexes. Estimated number 

of the cohort was about to be 5+ and 7-8+ (Table 1). The 

population was predominated by cohort C III, followed by 

C II and C IV. Female (W=0.0018L3.132) and male 

(W=0.0023L3.045) individuals had positive allometric 

growths significantly (t = 6.27 and n = 58, and 2.15 and 

73, respectively). 

 



 
 

7 

 

Mutlu et al. - Biometrical distribution of sharks in a low Elasmobranchs-diversified shelf, the eastern Mediterranean Sea 

 

 

 
Figure 2. Monthly average biomass in kg/km2 (a) and percent sex composition (b) of Scyliorhinus canicula in years 2009-2011, and seasonal biomass 

(c) and percent sex composition (d) in 2014-2015 (blue; May 2014, green; August 2014; red; October 2014 and magenta; February 2015. Colors for sex 

composition; Females followed seasonal colors and males; black, and juveniles; white). 

 

Etmopterus spinax (Linnaeus, 1758) (Squaliformes: 

Etmopteridae): The velvet belly lanternshark was 

observed only at 300 m in 2009-2011, and was not 

caught in 2014-2015. The species was recorded only 

in March possessing the coldest sea surface 

temperature of the year. The biomass was 8.71 

kg/km2 and the abundance was 502 ind/km2 (Table 

1). Sex composition was shared almost fifty-fifty 

percent by the males and females (Table 1). The total 

length varied between 13 cm and 19 cm for the 

females and 14-18 cm for the males. Specimens of 

14-16 cm length were dominated in the population. 

The length (cm)-weight (g) relationship established 

from 43 individuals was W=0.0055L2.914 (total; 

regardless of sex, n = 43), W=0.0047L2.972 for 

females (n = 20), and W=0.0067L2.843 for males (n = 
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23). Length-weight regression constants were 

significantly different among the sexes (p = 3.31 x 10-

210). Males and female specimens had a negative 

allometric growth (t = -339.251 and 60.5418, 

respectively) (Table 1). 

 

 
Figure 3. Scyliorhinus canicula: Length-frequency histogram with 

solution of KDF (a, black curve based on the length edges estimation 

by KDF; red curve based on 30 size classes) in a size class interval 

estimated by COST function (b), *; optimum length class interval in 

cm. 

 

Squalus blainvillei (Risso, 1827) (Squalidae): The 

longnose spurdog was found at 200 m-300 m and 

occurred two times in years 2009-2011; May and 

December. The maximum biomass and abundance 

were measured in May (Table 1). The females 

occurred at 200 m, and males at 300 m. The biomass 

was not significantly among the years, months (7.13 

± 4.49 kg/km2 in December 2010, and 6.74 ± 3.17 

kg/km2 in May 2011), and bottom depths (p = 0.954, 

0.954 and 0.379, respectively). The total length of the 

specimens varied between 29.3 ± 4.2 cm and 34.3 ± 

5.4 cm (p = 0.4917). Average female length was 

38.8± 4.1 cm and the male was 26.6 ± 3.1 cm (p = 

0.0544) (Table 1). The length-weight equations were 

fitted with W=0.0048L2.968 for unisex, 

W=0.0015L3.294 for female and W=0.0047L2.978 for 

male individuals. 

 
Faunistic characteristics 

Average number of shark species varied between 1 sp 

(year 2009) and 3 spp (2010 and 2011), and was tended to 

decrease by year (Figure 4a); 5-6 spp in 2010-2011 to 1-4 

spp in 2014-2015. Similar to the biomass distribution, 

average abundance ranged from 18 ind/km2 (2014) to 

1157 ind/km2 (2011), was overall above 800 ind/km2 in 

2010-2011, and was below 50 ind/km2 in 2014-2105 

(Figure 4a). Margalef’s species richness varied between 

0.567 and 0.747 in 2009-2011 and increased to 1.049 

owing to Pielou’s evenness (0.692) having higher values 

in 2014-2015 than that (0.449) in 2009-2011 (Figure 4a). 

Therefore, the Shannon-Wiener diversity index 

demonstrated an increasing trend from 0.133-0.723 in 

2009-2011 to 0.959 in 2014-2015, but decreased on 

average (Figure 4a). 

 

 

 

 
Figure 4. Average and standard deviation of faunistic traits (S; number 

of species, N; abundance ind/km2, d; Margalef’s species richness index, 

J’; Pielou’s evenness index, H’; Shannon-Weiner diversity index and B; 

biomass kg/km2) of the sharks among the years (a), months (b) and 

bottom depths (c).  
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By month, average number of the species varied 

between 1 sp (August-October) and 3 spp (March, May 

and December), but between 1 sp (June) and 5 spp (July) 

on non-average, and between 2 and 3 spp in the rest of 

months (Figure 4b). Monthly average abundance ranged 

from 5 ind/km2 in June to 964 ind/km2 in August, followed 

by 470 ind/km2 in March and 235 ind/km2 in December 

and May in similar to the biomass distribution (Figure 4b). 

The richest month in species was July (d = 0.837), 

followed by October (0.481) contrasted to the evenness 

indices; the highest value in February-March (J’=0.985-

0.775) and December (0.687), and the lowest values, J’ < 

0.200 in August, May and January. The diversity index 

was at minima in November and June and at maxima 

March and July (H’ = 0.85) (Figure 4b). 

Number of the species decreased by seafloor depth 

from 10 m to 125 m and was then tended to increase by 

the greater depth (Figure 4c). Average abundance 

increased from the shallower waters (3-10 ind/km2) to the 

deeper waters (235 ind/km2 at 200 m and 1643 ind/km2 at 

300 m). However, the intermediate depth (125-150 m) was 

almost devoid of the sharks (Figure 4c). The species 

richness decreased by depth whereas the evenness indices 

were not clear owing to insufficient data. The diversity 

indices (0.635-0.289) were fluctuated in similar number of 

species by the bottom depth (Figure 4c).  

 
Community assemblage and ecology 

The CCA was resulted in that the fish assemblages were 

organized primarily depending on the bottom depths 

(Figure 5a, Table 2). The fish communities were 

discriminated on CCA1 axis with an explained variance of 

14.6% and 20.6% of the total variance in the species data 

and species-environment relation, respectively (Table 2). 

This discrepancy was significantly approved by the Monte 

Carlo test (F = 4.446 and p = 0.002) at p < 0.05. An 

intermediate seafloor depth of 125 m was determined to 

classify the fish assemblages; the shallow and the deep 

water (Figure 5a). The sharks did not approach the 

shallower water, and occurred at 75-125 m (C. plumbeus 

and S. squatina) and the greater depth (S. canicula) 

(Figure 5). Furthermore, the shark species were negatively 

correlated with Secchi disk depth and water salinity, and 

positively with near-bottom chl-a and seston, mostly 

bioseston on CCA1 axis (Figure 5a, Table 2). However, 

seasonal discrimination did not occur (Figure 5b). The 

CCA2 axis was explained with a cumulative variance of 

25.9% of the total for the species data, and 35.9% for the 

species-environment relation. The fish assemblage was 

negatively correlated with water salinity and density and 

positively with the finest bioseston (Figure 5a, Table 2). 

The relationship was significantly proofed by the Monte 

Carlo test (F = 2.038 and p = 0.004). 
 

Table 2. Summary of statistical measures of the characteristics of 

Elasmobranches’ species abundance and environmental variables for 

the CCA. Environmental parameters with the abbreviations used in 

statistical analyses (Prefixes for the abbreviations: SS, sea surface, Su; 

Sub-surface and NB; Near-bottom water). 
Variables 

abbreviated 
Variables Axis1 Axis2 

Depth Bottom depth (m) -0.8652 -0.1940 

SSOx Oxygen (mg/l) 0.2134 -0.1828 

SuSOx Oxygen (mg/l) 0.0350 -0.1754 

NBOx Oxygen (mg/l) 0.0329 -0.2579 

SST Temperature (°C) -0.0875 0.1218 

SuST Temperature (°C) -0.0640 0.1227 

NBT Temperature (°C) -0.0515 0.1363 

SSS Salinity (PSU) -0.3244 -0.2308 

SuSS Salinity (PSU) -0.3235 -0.3286 

NBS Salinity (PSU) 0.1300 -0.0914 

SSpH pH -0.0473 -0.1970 

SuSpH pH -0.0410 -0.0394 

NBpH pH -0.0617 -0.2281 

SSD Density, σt -0.1977 -0.3128 

SuSD Density, σt -0.2020 -0.3317 

NBD Density, σt -0.1316 -0.2627 

STSM Total Suspended Matter (g/m3) 0.0758 -0.1171 

SuTSM Total Suspended Matter (g/m3) -0.1176 0.0167 

NBTSM Total Suspended Matter (g/m3) -0.0172 -0.0007 

SSChl Chl-a (mg/l) -0.0261 0.1853 

SuSChl Chl-a (mg/l) 0.0132 0.1603 

NBChl Chl-a (mg/l) 0.5936 0.2689 

Sechi Secchi disk depth (m) -0.4964 0.0363 

Se1 Seston - 1 mm (g/m3) 0.2112 0.2176 

Se2 Seston – 0.5 mm (g/m3) 0.3446 0.2755 

Se3 Seston – 0.063 mm (g/m3) 0.4057 0.1799 

Bi1 Bioseston - 1 mm (g/m3) 0.3079 0.1326 

Bi2 Bioseston – 0.5 mm (g/m3) 0.3736 0.2143 

Bi3 Bioseston – 0.063 mm (g/m3) 0.5605 0.3784 

Tr1 Tripton – 1 mm (g/m3) 0.1720 0.0432 

Tr2 Tripton – 0.5 mm (g/m3) 0.2241 0.1881 

Tr3 Tripton – 0.063 mm (g/m3) 0.3421 0.1218 

BT Bottom types 0.2398 -0.0926 

Eigenvalues 0.749 0.579 

Species-environment correlations 0.957 0.901 

Cumulative percentage variance of species data 14.6 25.9 

of species-environment relation 20.2 35.9 

 

Megabenthic fauna could be a group of the presumed 

food of the Elasmobranches. The species data, and the 

species-megafauna relation was explained by a variance 
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of 8.8%, and 28.2% on the CCA1 (Figure 5, Appendix 1). 

This explanation was not however significantly 

discriminated by the Monte Carlo test (F = 4.057, p = 

0.2720). S. canicula and C. plumbeus were correlated with 

Holoturidea (significantly Spearman-correlated with 

Parastichopus regalis; species in red denotes negative 

correlation), Cephalopoda (Illex coindetti, Loligo 

vulgaris, Rossia macrosoma, Sepietta neglecta and 

Sepietta oweniana, and Sepia officinalis), and Decapoda 

(Aegaeon lacazei, Chlorotocus crassicornis, Pagurus 

alatus, Parapenaeus longirostris, Plesionika edwardsii, 

Plesionika heterocarpus, Charybdis longicollis and 

Medorippe lanata) on the CCA1 axis. Scyliorhinus 

oculata was correlated with Gastropoda (Hexaplex 

trunculus and Hypselodoris infucata) and Bivalvia 

(Pincatada radiata) on the CCA1 axis (Fig. 5c and 

Appendix 1). On the CCA2, S. squatina was slightly 

correlated with Ophiuridea (Ophiopsila aranea) and 

Sipunculida (Onchnesoma steenstrupii steenstrupii) 

(Figure 5c, Appendix 1).  

 

 
Figure 5. Triplot of Canonical Correspondence Analyses (CCA) of Elasmobranches’ log10-transformed abundance (see Tables 1, 2 for the abbreviation) 

at the sampling stations classified by the bottom depth (a) and the months (b; 2; February, 5; May, 8; August, and 10; October) with the environmental 

parameters (arrow), Elasmobranches-megabenthic fauna relation (arrow; see Appendix 1 for abbreviations of the megabenthic taxa) (c), and 

Elasmobranches-osseous fish relation (arrow; see Appendix 2 for abbreviations of osseous fish family) (d). 
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The Elasmobranches-osseous fish (classified at the 

family level) relation was explained with a variance of 

18.6% on the CCA1 (Figure 5d, Appendix 2), and 

significantly proofed by the Monte Carlo test (F = 2.181, 

p = 0.006). S. canicula was significantly correlated with 

many families: Argentinidae (Argentina sphyraena and 

Glossanodon leioglossus), Chlorophthalmidae 

(Chlorophthalmus agassizi), Lophiidae (Lophius 

budegassa), Macrouridae (Coelorinchus caelorhincus and 

Hymenocephalus italicus), Merlucciidae (Merluccius 

merluccius), Scophthalmidae (Lepidorhombus 

whiffiagonis), Scorpaenidae (Scorpaena elongata, 

Scorpaena porcus, Scorpaena scrofa and Scorpaena 

notata) and Sebastidae (Helicolenus dactylopterus). On 

the CCA2, C. plumbeus was positively correlated with 

Centracanthidae (Centracanthus cirrus), and S. squatina 

and S. oculata with Nettastomatidae (Nettastoma 

melanurum) and Uranoscopidae (Uranoscopus scaber). 

The depth was the most important factor to assemble 

the Elasmobranches’ fish species (Table 3). Monte Carlo 

test used in PERMANOVA showed that year and depth 

and their interaction differentiated the Elasmobranches 

significantly at p <0.05 (Table 3). However, there was no 

significantly difference in the Elasmobranches among the 

moth, hence water temperature. 

 

Discussions 

The Adriatic Sea and the Gulf of Antalya are the poorest 

areas in Elasmobranches’ species diversity which 

decreased from the westernmost to easternmost of the 

Mediterranean Sea (Coll et al., 2010). Therefore, species 

of the Elasmobranches are endangered and under 

threatened list in the world (Dulvy et al., 2014; Mancusi et 

al., 2020). Furthermore, the anthropogenic sources 

including fishing effort affected the Elasmobranches 

(Garofalo et al., 2003). Species richness of the sharks 

decreased from 9 species in 2009-2015 to 5 species in 

2019-2020; 1 shark (M. mustelus) on the middle shelf, 1 

shark (S. canicula) on the shelf edge, and 4 sharks (S. 

canicula, G. meastomus, E. spinax and S. blainville) on the 

shelf break (unpublished data, M. Cengiz Deval) in the 

present study area. This trend was observed in the 

Mediterranean Sea (Ramírez-Amaro et al., 2020; Damalas 

and Vassilopoulou, 2011; Abella and Serena, 2005; 

Marongiu et al., 2020).  

Some of the shark species occurred abundantly in the 

warm months (May-August), and some in the cold months 

(February – March) (Tables 1, 4). On the shelf the sharks 

found at depths greater than 50 m constituted very low 

biomass (< 2.5 kg/km2; < 3% of the total biomass) 

(Yağlıoğlu et al., 2015). 

One of the major factors to stress the abundance of the 

Elasmobranches is the fishery by the bottom trawling 

(Tiralongo et al., 2018). The Antalya Gulf was fished by 

the 16 trawl boats annually visiting the present study area 

during a fishing season (Mutlu et al., 2022): A specific 

fishing effort of 2.6 h/d/boat (a total of 9310 h) was 

performed during the fishing period. The number of 

species and species richness seemed to be unaffected with 

the fishing effort. However, Spearman correlation analysis 

showed that there was no significant correlation between 

the faunistic characters and the fishing effort at P < 0.05. 

Excluding the evenness, the faunistic characters were 

slightly lower during the non-fishing period than the 

fishing period (Mutlu et al., 2022).  

 
Table 3. Results of 3-way Permutated-MANOVA test of log10-transformed abundances of the Elasmobranches for the differences among years (model; 

fixed), months (random) and bottom depths (fixed) and Monte Carlo test (pMC).  

Source df SS MS F p pMC 

Year 4 14606 3651.5 2.562 0.184 0.004 

Month 11 21530 1957.3 0.628 0.975 1 

Depth 9 1.01 x 105 11246 5.328 0.001 0.001 

Year x Month 3 4100.8 1366.9 0.438 0.963 0.998 

Year x Depth 5 6372.6 1274.5 5.445 0.125 0.002 

Month x Depth 21 41575 1979.8 0.635 0.995 0.999 

Year x Month x Depth 1 242.67 242.67 7.78 x 10-2 0.998 1 

Residuals 56 1.74 x 105 3115.7    

Total 118 4.56 x 105     
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Spatiotemporal distribution 

Scyliorhinus canicula had the highest abundances in 

winter and summer in the eastern, in summer in the 

central, and in autumn in the western parts of the 

Mediterranean Sea (Table 4). Overall, the female 

specimens were dominant in the population in the western 

Mediterranean Sea. This dominance was tended to 

decrease from the west through the centre to the east in the 

entire Mediterranean Sea excluding F:M=1.93 estimated 

in an eutrophic area, Iskenderun Bay (Yemişken et al., 

2019a) (Table 4). The total length was generally shorter in 

the present study than the other studies conducted in the 

different basins of the Mediterranean seas (Table 4). 

Ramírez-Amaro et al. (2020) estimated that minimum 

number of length cohort was 5+ and the females were 

longer than the males. Scyliorhinus canicula showed 

negative allometric and isometric growth (Table 4). 

Galeus meastomus had the highest density in spring-

autumn (Table 4) contrasted to the present study. Total 

length was smaller in the cold seas relatively than the 

warm seas of the Mediterranean Sea (Table 4). Female 

specimens outnumbered the males in the eastern 

Mediterranean Sea whereas the ratio was statistically 1:1 

in the western Mediterranean Sea (Table 4). However, the 

males outnumbered females in the Algerian waters. G. 

melastomus produced a cohort number of 8+ (Table 4). G. 

melastomus grew isometrically in the northern waters but 

positive-allometrically in the southern waters of the 

Mediterranean basin (Table 4). 

Etmopterus spinax was found abundantly in the warm 

seasons in the different locations of the Mediterranean Sea 

(Table 4). Sex ratio was not different from ratio 1:1 (Table 

4). Total length increased by the sea floor depth (Table 4). 

Number of length cohorts was overall more than 7 in the 

Mediterranean Sea (Table 4). The species had generally 

isometric growth and the b value was higher than that 

estimated in the present study (Tables 1, 4). 

Squalus blainville occurred frequently in autumn, 

followed spring-summer in the central Mediterranean Sea 

(Ragonese et al., 2013), similar to that observed in May 

during the present study (Tables 1, 4). S. blainvillei was 

abundantly found two times higher in September-October 

(females comprising of 47.5% of the catches) than in April 

(females 54.5% of the catches) in the slope of the Ionian 

Sea (Sion et al., 2003) owing to both the density/depth and 

biomass/depth relation (Marongiu et al., 2017). On 

comparison, sex ratio, and total length of the species 

varied among the different regions of the Mediterranean 

seas (Table 4). Annual mean total length and number of 

cohorts were longer and higher in the northern than that in 

the central and the southern Aegean Sea, respectively 

(Kousteni et al., 2017). S. blainvillei had a cohort of 7+ in 

the slope of Ionian Sea (Sion et al., 2003). S. blainvillei 

had an isometric growth or positive allometry in the 

Mediterranean Sea but negative allometry in the Sea of 

Marmara (Table 4).  

 
Faunistic characters 

The species richness and abundances have decreased in 

the different seas of the Mediterranean Sea due to the 

fishing pressure, and anthropogenic and ecological 

impacts (Jukic-Peladic et al., 2001; Barausse et al., 2014). 

Therefore, the indices were affected during the first 5 

years of a period 2005-2015, followed by stability during 

the last five years (Ramírez-Amaro et al., 2020). The 

fishery has moved globally from the shelf to the slopes 

(Cau, 2008), followed by that the Elasmobranches were 

highly affected in the deeper water as compared with that 

in the shallower waters (Marongiu et al., 2017). A long-

term series analysis (1965-2009) showed that the species 

density (abundance and biomass) and richness were 

tended to decrease in time due to abrupt increase occurred 

in fishing effort derving seasonal biological cycle of 

nektobenthic elasmobranches off Balearic Islands 

(Guijarro et al., 2012). The H’ values for the sharks were 

high throughout the year, but were the minimum in 

summer, and the d was the highest in spring, and the J’ 

increased from summer to winter in the Syrian coasts 

(Alkusairy and Saad, 2018). However, Filiz et al. (2018) 

showed that number of species, abundance and biomass of 

the cartilaginous fish decreased by the bottom depths in a 

Turkish shelf of the central Aegean Sea as contrasted to 

that of the present study area. Unimodal species of the 

shallower waters peaked in abundance at 75-100 m while 

unimodal species of the deeper waters peaked at 300 m 

(Table 1). Adult S. canicula produced bimodal abundance 

along the depth gradients as follows: its abundance was 

more pronounced at zone of 30-150 m than zone of 300-

400 m, but its juveniles showed a unimodal distribution 

peaked at the greater depths (150 - 300 m) in the 

Cantabrian Sea, Atlantic Ocean (Olaso et al., 2005). 

However, S. canicula was distributed in a response with a 

unimodal distribution peaked at 300 m to the bottom depth 

in Balearic Islands and Algerian waters (Ordines et al., 
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2011) as observed similarly in the present study. Adults of 

G. melastomus were bimodally distributed across the 

seafloor depth (primary mode at 300-500 m, and 

secondary mode at 500-600 m), but its juveniles occurred 

relatively in the shallower water (Olaso et al., 2005). E. 

spinax was responded unimodally to the bottom depth but 

the modal depth was shallower in Algerian water than the 

Balearic waters (Ordines et al., 2011). 

 
Faunal assemblages and ecology 

Depending on the species-environment relation, there was 

a contrary between sea surface temperature and biomass 

of sharks in the northern Mediterranean Sea (Follesa et al., 

2019). The depth, seafloor morphology and temperature 

were the main factors for distribution of the 

elasmobranches in the central Mediterranean Sea (Lauria 

et al., 2015). Ordines et al. (2011) clustered two 

bathymetric assemblages of 29 Elasmobranches’ species 

in the Balearic and Algerian waters, and those were the 

assemblages found on continental shelf (45-180 m and 45-

225 m, respectively), and shelf-break (180-270 m and 225-

330 m, respectively) as we estimated similarly (10-75 m, 

125 m, and 200-300 m).  

Marongiu et al. (2017) assembled the sharks, 

regardless of small-scaled zonal distribution as follows: 

neritic, and oceanic stratum in the central Mediterranean 

Sea. Bertrand et al. (2000) confirmed similar distribution 

for the other regions of the Mediterranean Sea. S. canicula 

co-existed with the fish assemblage occurred at a deep 

water of > 125 m and its abundnace increased from fresh 

through brackish to marine waters considering changes in 

water salinity (Quigley, 2019). Gouraguine et al. (2011) 

clustered four depthwise groups of assemblages composed 

of 27 chondrichthyan species off Balearic Islands and a 

zone of 55-185 was characterized with S. canicula and 

other cartilaginous fish constituted 50% of the total 

abundance, but a zone of 190-290 m only by S. canicula 

alone. S. squatina preferred the dense and saline waters as 

contrasted by S. oculata (Gouraguine et al., 2011).  

Besides the bathymetrical assemblages, the sharks 

were ecologically affected by the global atmospheric-

ocean relation which could change the assemblage. The 

biomass of S. canicula was tended to increase by the 

fisheries shifted from the shelf to the slope (Ligas et al., 

2010). G. melastomus was impacted by the North Atlantic 

Oscillation (NAO) index in Tuscany Bay (Ligas et al., 

2010). Furthermore, abundance of E. spinax decreased 

with the O2 owing to increased temperature and salinity in 

Levantine Intermediate Water influenced by the NAO 

during 1970s and 1980s in the slope of the western 

Mediterranean Sea. However, this dynamic had a lesser 

effect to G. melastomus (Cartes et al., 2013).  

Taking the assemblages into the shark species-

megabenthic fauna relation, Mulas et al. (2019) assembled 

significantly distribution of S. canicula with Decapoda 

(Anomura), Euphausiacea and Mollusca (Cephalopoda). 

As a indication of shark species-megabenthic fauna 

relation, S. canicula fed primarily on crustaceans and 

teleost fish, and secondarily on cephalopods, annelids and 

isopods (Valls et al., 2011). Preference of S. canicula to 

megabenthic fauna as its food varied between regions of 

the Mediterranean Sea (Gravino et al., 2010); Bengil et al., 

2018); Kousteni et al., 2018). In the Adriatic Sea, S. 

canicula, a teuthivorous fish, ingested large quantities of 

cephalopods (Šantić et al., 2012). S. canicula fed 

particularly on natantian and reptantian crustaceans 

together with teleosts (Valls et al., 2011); Šantić et al., 

2012).  

Regarding to shark species-osseous fish relation, S. 

canicula fed mainly on the teleosts composed abundantly 

of Gadiculus argenteus and Argentina sphyraena in the 

eastern Aegean Sea (Bengil et al., 2018), and on 

Trachurus trachurus and Macroramphosus scolopax off 

Malta (Gravino et al., 2010). In Iskenderun Bay, S. 

canicula fed on teleost and crustaceans (Özcan and 

Başusta, 2015). However, S. canicula fed mainly more on 

decapods (76.6%) than teleost (15.3%) in the central 

Adriatic Sea (Šantić et al., 2012), but fed mainly on teleost 

in the northern Aegean Sea (Kabasakal, 2001).  
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Table 4. Biometrical traits (L; total length in cm; C#: number of length cohort, F:M; female:male ratio, b; slope of the length-weight relationship or growth type: N, negative, I; isometric and P; positive 

allometry, and M; month or season when the abundance was at maxima) of the shark species obtained from the different regions of the Mediterranean Sea to compare with the results of the present 

study in Table 1 (red number; regions or locations in the Mediterranean Sea, and blue number; citation number at footnote below this table). * rare species and occasional visitor.  

Species L C# F:M b M 

E. spinax 14.5-24.8 5, 40 

15-35 3,4; 6,10, 43 

 1:1 4,5; 5,40 3.03 M-3.08 5, 40 

2.97-2.84 M 3,4 

Mar-Jul 3,4 

Spr-Aut 21, 42 

G. meastomus 27 -63 M; 32-70 F 20, 3 

17.5-27.2 F; 12.6-31.2 M 13, 49 

25-56 M 2, 14 

19.2 11, 39 

85 22,1  

6-8+ 19, 41 53.9:46.1 20, 3 

1.73 13, 49 

1.04 14, 12 

0.54 2, 14 

I 13, 49 

P 11, 39 

Spr-Sum 20, 3 

Spr-Aut 12, 42; 14, 12 

S. canicula 10-71 M; 10-70 F 9, 26 

18-47 16, 29 

12-51 10, 37 

28-52.5 15 21, 9, 36; 1, 31 

14-87 F; 14-47 M 6, 43 

50 22, 1 

48 1, 16; 16, 29 

5+ 6, 43 1.41 9, 26 

1.12 16, 29 

0.97-1.15 21, 9, 36; 1, 31 

0.96 10, 37 

1.93 10, 49 

I 13, 38; 18; 25; 16, 29, 39 

N 13, 47; 18; 25; 16, 29, 39 

Feb, Aug 11, 22 

Jun 7, 13 

Aut 12, 41 

Jun 10, 37 

Aut 21, 9 

Spr-Sum 5, 8, 36 

S. blainville 29-82 F, 28-78 M 20, 3 

42.1-75.0 10, 48 

28 18, 39 

27.2–75.9, 18.0–56.5, 35.5–44.0 1, 32 

20.1-84 F, 18-61.5 M 15, 33 

18.2-77.9 F, 18.0-179.9 M 7, 30 

23.2-83.4M, 24.7-100 F 21, 34 

38-56 16, 6 

10.8±4.1,2.86±4.5, 

9.18±1.55 1, 32 

7+ 8, 46 

47.5:52.5 8, 46 

42.7:57.3 20, 3 

1:0.73 18, 39 

1.5, 1.41, 1.22 1, 32 

52:48 15, 33 

1.26 7, 30 

1.15 21, 34 

3.07 (I) F, 3.09 (I)M 17, 7 

3.23 (P)F, 3.20 (P)M 15, 33 

2.47 16, 6 

N, I 13, 38, 47 

P 1, 16; 10, 37 

3.25 F, 3.16 M 8, 46; 7, 30 

3.10 F, 3.08 M 21, 30 

Aut 21, 42 

Sum 20, 3 

Sep-Oct 8, 46 

C. plumbeus* 46-250 M, 45-300 F 20, 3  66.8:43.2 20, 3  Warm 21, 44; 18, 17 

Aut 2, 23; 20, 3 

M. mustelus   1:1 18, 19, 21,47 3.33 18, 19, 21,47; 10, 37; 21, 45  Aut 21, 42 

O. centrina* 22.5-65 Turkish Seas, 27     

S. oculata*      

S. squatina    N 4, 28 Aut 21, 42 
Locations: 1: Aegean Sea, 2: Algerian waters, 3. Azores, 4: Central Mediterranean Sea, 5: French waters, 6: Gibraltar Straits, 7: Greek Aegean Sea, 8: Ionian Sea, 9: Irish and Celtic Seas, 10: Iskenderun bay, 11. Izmir bay, 
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Appendix 1. Summary of statistical measures in relation of Elasmobranches’ abundance to megazoobentic abundances for the CCA. 

Taxa abbreviated Taxa Axis1 Axis2 

An Annelida 0.0356 -0.0514 

Cn Cnidaria 0.0626 0.0810 

As Echinodermata, Asteroidea 0.0780 -0.0536 

Cr Echinodermata, Crinoidea 0.0212 0.1303 

Ec Echinodermata, Echinoidea -0.0121 0.0584 

Ho Echinodermata, Holoturidea 0.4009 -0.1249 

Op Echinodermata, Ophiuridea 0.1088 0.2026 

Ech Echiura -0.1506 0.0040 

Bi Mollusca, Bivalvia -0.2228 0.0071 

Ce Mollusca, Cephalopoda 0.3847 -0.1425 

Ga Mollusca, Gastropoda -0.2017 0.0980 

Po Porifera -0.1538 0.0336 

Si Sipunculida -0.0483 0.2563 

Tu Tunicata 0.0429 -0.0355 

De Crustacea, Decapoda 0.3653 -0.2868 

Is Crustacea, Isopoda -0.0329 0.0809 

St Crustacea, Stomatopoda -0.4001 -0.1144 

Eigenvalues 0.452 0.370 

Species-environment correlations 0.771 0.741 

Cumulative percentage variance: 

of species data 

 

8.8 

 

16.0 

of species-environment relation 28.2 51.4 
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Appendix 2. Summary of statistical measures in relation of Elasmobranches’ abundance to abundances of the Osteichthyes families for the CCA. 
Families  

abbreviated 

Families 

Axis 1 Axis 2 

Ap Apogonidae -0.3225 -0.0370 

Ar Argentinidae 0.4826 -0.1428 

Ba Balistidae -0.1401 0.1723 

Bl Blenniidae -0.0409 -0.0446 

Bo Bothidae -0.4747 -0.0214 

Cal Callionymidae 0.2480 -0.3872 

Cap Caproidae 0.2649 -0.3032 

Car Carangidae -0.1644 -0.0814 

Cap Carapidae 0.0748 0.0192 

Cen Centracanthidae -0.1837 0.3301 

Cet Centriscidae 0.1077 0.1386 

Cep Cepolidae -0.1589 -0.0083 

Cha Champsodontidae 0.0495 0.1807 

Chl Chlorophthalmidae 0.3047 -0.2972 

Ci Citharidae 0.0060 0.0289 

Co Congridae 0.1001 -0.2700 

Cy Cynoglossidae -0.2484 -0.1087 

Da Dactylopteridae -0.1971 0.0172 

Ec Echeneidae -0.1472 -0.0106 

Fi Fistulariidae -0.3882 -0.0076 

Ga Gadidae 0.1971 -0.2500 

Go Gobiidae 0.0902 -0.1078 

Ha Haemulidae -0.2228 -0.0196 

La Labridae -0.2013 0.0051 

Le Leiognathidae -0.4930 -0.0587 

Lo Lophiidae 0.3499 -0.1322 

Ma Macrouridae 0.3002 -0.3648 

Me Merlucciidae 0.4651 -0.1012 

Mo Monacanthidae -0.4151 -0.0278 

Mug Mugilidae -0.1947 -0.0307 

Mul Mullidae -0.3275 0.1768 

Mur Muraenesocidae -0.2009 -0.0196 

Nem Nemipteridae -0.4515 -0.0536 

Net Nettastomatidae 0.0913 0.3339 

Pe Peristediidae 0.2390 -0.3003 

Ph Phycidae 0.2257 -0.2766 

Sca Scaridae -0.2009 -0.0196 

Sci Sciaenidae -0.1447 -0.0500 

Sco Scophthalmidae 0.4300 -0.3462 

Scr Scorpaenidae 0.3801 -0.0098 

Seb Sebastidae 0.3352 -0.3863 

Ser Serranidae -0.2248 0.1152 

Sig Siganidae -0.2126 -0.0298 

Sil Sillaginidae -0.2150 -0.0565 

So Soleidae -0.2114 0.0199 

Sp Sparidae -0.1245 0.0652 

Sy Synodontidae -0.3889 0.0720 

Ter Terapontidae -0.1971 -0.0155 

Tet Tetraodontidae 0.1936 -0.1602 

Tra Trachinidae -0.4542 -0.0489 

Trc Trachichthyidae 0.1470 -0.1319 

Tr Triglidae 0.0959 -0.1428 

Ur Uranoscopidae 0.1219 0.2925 

Ze Zeidae 0.1595 0.1882 

Eigenvalues 0.789 0.645 

Species-environment correlations 0.978 0.982 

Cumulative percentage variance: 

of species data 

 

15.4 

 

28.0 

of species-environment relation 18.6 33.7 


