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18 Abstract

19 The Mediterranean Sea is a biodiversity hotspot where most elasmobranchs are severely threatened, with poor 

20 knowledge about life history traits and trophic ecology. In this context, our study focused on the trophic ecology of the 

21 deep-sea longnose skate (Dipturus oxyrinchus) in the Strait of Sicily (central Mediterranean), designated as an 

22 Important Shark and Ray Area. The objectives of the present study were to investigate the main changes in the feeding 

23 habits of the species according to ontogeny and bathymetric distribution. We collected 152 specimens from the 

24 continental slope (200-750 m) from 2016 to 2019. The combination of stomach content and stable isotope analyses 

25 identified the longnose skate as a generalist feeder, with a diet dominated by crustaceans, with smaller contributions 

26 from bony fish and cephalopods. Among crustaceans the most consumed were decapods (including Parapenaeus 

27 longirostris, Iridonida speciosa, Chlorotocus crassicornis) and mysids (Lophogaster typicus). Generalized additive 

28 models indicated that predator body size and depth had a significant effect on the consumption pattern of certain prey 

29 groups. Significant ontogenetic changes were observed, with smaller individuals primarily preying upon benthic 

30 organisms and larger individuals adopting a more benthopelagic diet, reflected by a slight increase in trophic position. 
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31 This study highlights the role of the longnose skate within the bathyal food web of the Strait of Sicily, providing useful 

32 information for ecosystem modelling and effective conservation strategies.

33 Keywords: Trophic niche; dietary composition; stomach contents; elasmobranchs; stable isotopes; ontogenetic shifts

34

35 1. Introduction

36 Elasmobranchs play a key ecological role in marine ecosystems as apex or meso-predators and thus regulate the 

37 dynamics of trophic webs through a top-down control (Heupel et al., 2014). As observed in several marine regions, the 

38 loss or decline of their populations may have cascading effects, altering the trophic structure of marine communities 

39 (Baum and Worm, 2009; Ferretti et al., 2010). One of the main threats to elasmobranchs is overfishing (Dulvy et al., 

40 2024, 2021; Falsone et al., 2022). Indeed, a decline in elasmobranch populations has been observed in correlation with 

41 increasing fishing intensity in many exploited areas due to their large body size, slow growth, late maturity and low 

42 fecundity (Bearzi et al., 2006; Dulvy et al., 2008; Fiorentino et al., 2024b; Lucifora et al., 2011; Pacoureau et al., 2021).

43 Specifically, batoids have shown a decreasing abundance trend in the last decades (Aldebert, 1997; Jukic-Peladic et al., 

44 2001; Lotze et al., 2011; Walls and Dulvy, 2021) with 16 species in the Mediterranean Sea currently classified as 

45 Threatened (Serena et al., 2020). 

46 Several studies conducted in the Mediterranean Sea have shown that batoids are mesopredators, feeding mainly on 

47 crustaceans, molluscs, bony fish, and polychaetes (Barría et al., 2015; Fanelli et al., 2023; Mulas et al., 2019; Yemışken 

48 et al., 2018). They occupy medium to upper trophic levels, playing a key role in trophic webs (Flowers et al., 2021); 

49 however, knowledge of their life history traits is limited, especially for deep-sea species (Geraci et al., 2021b). Among 

50 these, the genus Dipturus includes three species of large skates (D. batis, D. nidarosiensis, and D. oxyrinchus) 

51 characterized by a long, pointed snout (Serena et al., 2010). Recent studies have shed some light on their taxonomy 

52 (Carugati et al., 2022; Iglésias et al., 2010) and distribution (Carbonara et al., 2019; Follesa et al., 2019; Geraci et al., 

53 2021b, 2019). The most common of the three species is D. oxyrinchus (Linnaeus, 1758), generally known as longnose 

54 skate for its remarkably long rostrum. Typically ranging from 60 to 120 cm in length, it inhabits soft-bottom habitats at 

55 depths between 90 and 900 m (Ebert and Stehmann, 2013). Within the Mediterranean Sea, the longnose skate is most 

56 abundant around Corsica, Sardinia, and in the Strait of Sicily (Follesa et al., 2019). In the Strait of Sicily (herein SoS), 

57 the species has a low commercial value and is generally discarded at sea by fishing vessels exploiting deep-sea rose 

58 shrimps on the continental slope (Geraci et al., 2017; Milisenda et al., 2017). Its numerical decrease in recent years in 

59 European seas led the International Union for Conservation of Nature (IUCN) to assess the longnose skate as Near 

60 Threatened (NT) (Ellis et al., 2015).
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61 Many important aspects of the life cycle of the longnose skate, including natural mortality, reproductive areas, 

62 movement patterns, and the exploitation status of populations, still remain poorly understood. In the Mediterranean Sea, 

63 studies focusing on the species biology have shown a slow growth rate and late maturity (Alkusairy and Saad, 2017; 

64 Bellodi et al., 2017; Geraci et al., 2021b; Kadri et al., 2015; Yiğin and Ismen, 2010). Regarding the feeding habits of the 

65 species, in the Gulf of Gabès (Tunisia) the diet included benthopelagic organisms, primarily bony fish and secondarily 

66 crustaceans (Kadri et al., 2010), while in Sardinian waters (Mulas et al., 2015) and in the northern Aegean Sea (Cabbar 

67 and Yiğin, 2023; Yiğin and Ismen, 2010) the diet was mainly composed of crustaceans.

68 This study aimed to elucidate the feeding habits and trophic role of the longnose skate within the bathyal food web of 

69 the SoS, one of the few Mediterranean regions where the species still remains abundant (Follesa et al., 2019; Geraci et 

70 al., 2021b, 2017). This region is widely recognized as a biodiversity hot-spot for elasmobranchs in the Mediterranean 

71 Sea (Colloca et al., 2020; Follesa et al., 2019; Ragonese et al., 2013; Scannella et al., 2020; Serena et al., 2020; Zava et 

72 al., 2022) and as such it has been acknowledged as an Important Shark and Ray Area (ISRA) in 2023 

73 (https://sharkrayareas.org/e-atlas/). To provide a comprehensive, time-integrated analysis of the trophic resources 

74 assimilated by the longnose skate, we combined the analyses of stomach contents, and carbon and nitrogen stable 

75 isotopes. The study investigated dietary composition, trophic position, and ecological niche across ontogenetic stages 

76 and bathymetric ranges, highlighting their relevance for conservation strategies.

77

78 2. Materials and Methods

79 2.1 Study Area

80 The study area is the northern sector of the SoS and covers approximately 34,000 km2 between the southern coasts of 

81 Sicily and North Africa, corresponding to the Geographic Subarea 16 (GSA16) according to the General Fisheries 

82 Commission for the Mediterranean classification (GFCM, 2007) (Fig. 1).

83
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84 Fig. 1 Map of the study area showing the Geographical Sub-Area 16 (Southern Sicily). The orange and blue dashed lines represent 

85 the 200 m and 800 m isobaths, respectively.

86

87 The SoS is a complex ecosystem characterized by wide shallow detritic bottoms and rocky banks on the continental 

88 shelf that host large biodiverse communities. The peculiar circulation pattern enhances primary productivity, also 

89 promoting both species diversity and abundance (Coll et al., 2010; Consoli et al., 2016; Di Lorenzo et al., 2018). 

90 Offshore banks play a crucial role for fish and shellfish communities, contributing significantly to species richness and 

91 their abundance (Garofalo et al., 2007; Gristina et al., 2006; Ragonese et al., 2013). Trawl surveys have revealed the 

92 presence of 15 species of demersal sharks and 21 of batoids (Fiorentino et al., 2024b; Geraci et al., 2017; Ragonese et 

93 al., 2013), making the SoS one of the areas with the highest richness of demersal elasmobranchs in the Mediterranean 

94 Sea (Coll et al., 2010; Follesa et al., 2019; Gaertner et al., 2007). Given the critical significance of the SoS for 

95 biodiversity, the entire area has been recognized as an 'Ecologically or Biologically Significant Area' (EBSA), as 

96 defined by the Contracting Parties of the Convention on Biological Diversity (COP12, October 2014, Pyeongchang, 

97 Republic of Korea) (Bax et al., 2016), and several sites have been identified for inclusion in a broader Mediterranean 

98 network of marine protected areas (De Juan et al., 2012). Despite its ecological importance, the SoS has been subjected 

99 to extensive fishing exploitation for decades, carried out by the fleets of multiple countries (Italy, Tunisia, Malta, Libya) 

100 (Colloca et al., 2017). Notably, the harbour in Mazara del Vallo hosts one of the largest and most active trawl fleets in 

101 the Mediterranean Sea (Di Maio et al., 2022; Russo et al., 2014), which targets a wide range of demersal species 

102 (Jarboui et al., 2022).

103 2.2 Sample collection and laboratory processing

104 A total of 152 longnose skate specimens were sampled in the northern sector of the SoS (FAO-GFCM GSA 16) 

105 between 2016 and 2019. The samples were collected from June to December both from the commercial catches of the 

106 Mazara del Vallo trawl fleet (51 specimens) and the MEDITS bottom trawl survey (MEDiterranean International 

107 Bottom Trawl-Survey, for details about the survey methodology refer to Bertrand et al. (2002)) (101 specimens). 

108 Specimens were frozen and maintained at -20°C until processing. In the laboratory, each individual was thawed and its 

109 total length (TL, cm), total weight (W, g), sex, and maturity stage were recorded. The maturity stage was 

110 macroscopically assigned based on the gonad maturity scale described in the MEDITS Handbook (Anonymous, 2017). 

111 After measurements, stomachs were dissected, and their contents were preserved in a 70% ethanol solution. Prey items 

112 were identified to the lowest possible taxonomic level using a stereomicroscope. They were then dried on blotting 

113 paper, counted, and weighed (Precisa analytical balance 80A-200M, ± 0.001 g). Hard parts (otoliths and corneous 

114 mandibles) were rinsed with ultrapure water and used to identify bony fish (Tuset et al., 2008) and cephalopods (Pedà et 
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115 al., 2022). In order to define the dietary composition of longnose skates using stable isotope analysis, a sample of dorsal 

116 muscle was removed from each specimen, while samples of 24 fish species and benthic invertebrates were collected 

117 from the discards of commercial fisheries carried out in the bathyal fishing grounds of the study area to determine the 

118 stable isotopic composition of potential prey. The selection of prey species was based on the stomach contents reported 

119 in literature (Kadri et al., 2010; Mulas et al., 2015; Yiğin and Ismen, 2010). A total of 152 dorsal muscle samples of 

120 longnose skate and 62 muscle samples from the 24 potential prey species were dried in an oven at 60°C for 24−48 

121 hours, homogenized and powdered with a grinder. A dry mass of 0.6 ± 0.2 mg of each powdered sample was packed 

122 into tin capsules. Stable isotope ratios of carbon and nitrogen were determined using an elemental analyser (Thermo 

123 Flash EA 1.112) coupled with a continuous-flow isotope ratio mass spectrometer (Thermo IRMS Delta Plus XP). The 

124 ratio of stable isotopes was expressed in relation to international standards [Vienna Pee Dee Belemnite (VPDB) for 

125 δ13C, and atmospheric nitrogen (N₂) for δ15N] as δ13C or δ15N = [(Rsample/ Rstandard) - 1] × 103 where Rsample and 

126 Rstandard are the ratios of the heavy-to-light isotopes (13C/12C and 15N /14N) in the sample and the standard, 

127 respectively. The analytical precision based on the standard deviations of the internal standards (International Atomic 

128 Energy Agency IAEA-CH-6; IAEA-NO-3; IAEA-N-2) was 0.1 ‰ for δ13C and 0.2‰ for δ15N. The C:N ratio was used 

129 as a proxy of lipid content and the δ13C of samples with C:N > 3.5 was corrected using the equation by Post et al. 

130 (2007): δ13Ccorrected = δ13Cbulk – 3.32 + 0.99 x C:N. 

131 2.3 Stomach content analysis

132 To provide an overview of the overall dietary composition, trophic indices were calculated for each taxonomic category 

133 of prey found in the stomachs of longnose skate: relative numerical abundance (%𝑁 = number of a prey category/ total 

134 number of prey × 100), relative gravimetric composition (%𝑊 = mass of a prey category/ total mass of all prey × 100) 

135 and relative frequency of occurrence (%𝐹 = number of stomachs containing a prey/ total number of filled stomachs × 

136 100). The vacuity index (Iv) was computed, according to Hyslop (1980), as number of empty stomachs/ total number of 

137 stomachs × 100. 

138 In addition, we categorized prey into seven distinct groups: Natantia, Anomura, Brachyura, Lophogastrida, other 

139 Crustaceans, Cephalopoda, and Teleostei. These categories were chosen for their representativeness of dietary diversity; 

140 they included prey types with a frequency (%𝐹) greater than 5%, ensuring a robust assessment of dietary patterns. For 

141 each prey category, we constructed Generalized Additive Models (GAMs) with the number of prey consumed as the 

142 response variable, and different combinations of predator size (TL) in cm, water depth in m, and sex as the independent 

143 variables. Smooth terms were applied to the continuous predictors (TL and depth) to capture potential non-linear 

144 relationships, while the categorical variable (sex) was included as a parametric term. To effectively manage the 

145 overdispersion inherent in our count data we applied a negative binomial error distribution (Wood et al., 2016). For 
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146 each competing model, we examined the residuals, percentage of deviance explained, and calculated the Akaike 

147 Information Criterion (AIC), selecting the model with the lowest AIC as the best model. The best-fitting GAMs yielded 

148 the following model for all categories:

149 𝑦𝑖 =  𝛽0 + 𝑓1(𝑥1𝑖) +  𝑓2(𝑥2𝑖) +  ℇ𝑖 

150 Where 𝛽0 is the model intercept, 𝑓1 and 𝑓2 are the smooth terms for the explanatory variables TL and depth, and  ℇ𝑖 it’s 

151 the error term for the i-th observation.

152 All models were fitted using the mgcv package in R (version 4.2.1).

153 2.4 Stable isotope analysis

154 In order to determine possible ontogenetic changes in the diet linked to the achievement of sexual maturity, the size at 

155 first sexual maturity estimated from all specimens collected in this study (55 cm), was used as a threshold to classify 

156 specimens as juveniles (TL < 55 cm) and adults (TL ≥ 55 cm). 

157 Additionally, sex was considered in the analyses to assess its influence on dietary patterns. Similarly, to determine 

158 possible changes linked to depth distribution of the species, skates were divided in individuals collected in three 

159 different depth strata (200−400 m, 401−550 m, 551−750 m). 

160 The ontogenetic variation of carbon and nitrogen stable isotopes was analysed using linear regressions between δ13C 

161 and δ15N against longnose skate size (TL). Differences in δ13C and δ15N between juveniles and adults, and between 

162 males and females, were tested using a Mann-Whitney test, while a Kruskal-Wallis test was performed to compare δ13C 

163 and δ15N across the different depth strata. The Stable Isotope Bayesian Ellipses in R (SIBER) package (Jackson et al., 

164 2011) was used to determine trophic niches of juveniles and adults, and of individuals grouped according to their 

165 bathymetric distribution, separately. Moreover, we calculated the Standard Ellipse Area (SEAb) based on 4,000 

166 posterior iterations, the Standard Ellipse Area corrected for small sample size (SEAc), and the niches overlap between 

167 juveniles and adults, and between depth strata. The trophic position of juvenile and adult longnose skates (TPSIA) was 

168 calculated on the basis of δ15N according to Post (2002):

169 𝑇𝑃𝑆𝐼𝐴 =  [(δ15N ― δ15N𝑏)/ ∆] +  λ 

170 where δ15N and δ15Nb are the nitrogen isotopic values of each specimen and of the baseline, respectively; ∆ is the diet 

171 tissue discrimination factor (DTDF); and λ is the trophic position of the baseline. The mean δ15N of Pagurus alatus (8.2 

172 ± 0.1 ‰) collected within the same study area at the same time as the predator was used as the baseline. As P. alatus is 

173 a secondary consumer λ was set at 3, while ∆ was set at 1.5 ‰ following Galván et al. (2016), since this value was 

174 determined for the taxonomically closest species [the smallnose fanskate, Sympterygia bonapartii (Müller & Henle, 

175 1841)] available in literature. All tests and packages were performed in R version 4.2.1.

176
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177 3. Results

178 The specimens analysed (68 males, 84 females) ranged in size between 14.0 and 119.5 cm TL. Out of them, 73 were 

179 classified as juveniles (TL < 55cm) and the remaining 79 as adults (TL ≥ 55 cm). Both juveniles and adults were most 

180 abundant between 200 and 400 m depth, with their number decreasing at greater depths (Table 1).

181 3.1 Stomach content analysis

182 Of the 152 stomachs analysed in this study, 38 were empty, with an Iv of 25%. Within the stomach contents, a total of 

183 49 different prey were identified and belonged to three main taxonomic groups: Crustacea, Cephalopoda, and Teleostei 

184 (Table 2). Highly digested remains were found with a frequency of 11.40%. Crustaceans dominated the dietary 

185 composition, with decapods and mysids being the most abundant groups. At the species level, the most abundant prey 

186 were the squat lobster Iridonida speciosa and the deep-water rose shrimp Parapenaeus longirostris, followed by the 

187 mysid Lophogaster typicus and the green shrimp Chlorotocus crassicornis. The deep-water rose shrimp accounted for c. 

188 28% of the total mass of stomach contents, whereas bony fishes overall made up to 15.8% of the mass. The small 

189 crustacean L. typicus was present with a low percentage in weight, counterbalanced by a high numerical proportion. 

190 Regarding the variations in dietary composition sex was not significant for all prey categories. The deviance explained 

191 by models varied among prey categories, ranging from 12.5−69.4% (Table 3). 

192 Predator size and depth had a significant effect on the consumption patterns of certain prey groups (Table 3). In 

193 particular, Anomura consumption was significantly affected by both depth (estimated degrees of freedom (edf) = 1.00, p 

194 < 0.001) and TL (edf = 3.19, p = 0.014). Consumption decreased with increasing depth, while TL showed a strong 

195 nonlinear relationship, with peak consumption observed at intermediate predator sizes, even if with high uncertainty 

196 (Fig. 2A, B). Lophogastrida abundance was strongly influenced by both depth (edf = 1.00, p = 0.002) and TL (edf = 

197 1.00, p < 0.001) (Fig. 2C, D), while Brachyura abundance did not show significant associations with either predictor. 

198 Other crustaceans were consumed increasingly with depth (edf = 2.44, p = 0.028) reaching a plateau of abundance in 

199 the diet from c. 400 meters depth onwards (Fig. 2F). For Natantia, Cephalopoda and Teleostei there was a significant 

200 positive relationship with TL (edf = 1.00, p < 0.001; edf = 1.34, p = 0.019; edf = 1.00, p = 0.009), while depth showed 

201 no significant effect (Fig. 2E, G, H). 

This preprint research paper has not been peer reviewed. Electronic copy available at: https://ssrn.com/abstract=5090574

Pr
ep

rin
t n

ot
 p

ee
r r

ev
ie

w
ed



8

202

203 Fig. 2 Predicted effects of total length and depth on the abundances of Anomura (A, B), Lophogastrida (C, D), Natantia (E), Other 

204 Crustaceans (F), Cephalopoda (G) and Teleostei (H) in the stomach contents of Dipturus oxyrinchus. Shaded areas represent 95% 

205 confidence intervals. Only significant terms are shown

206

207 3.2 Stable isotope analysis
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208 Stable isotope values of the 152 dorsal muscles of the longnose skate were positively correlated with size (r2 = 0.191, P 

209 = 1.737-08 for δ13C and r2 = 0.255, P = 2.051-11 for δ15N) (Fig. 3).

210

211 Fig. 3 Correlation between total length (TL, cm) and (a) δ13C (‰), and (b) δ15N (‰) of Dipturus oxyrinchus collected in the Strait of 

212 Sicily (central Mediterranean Sea) between 2016 and 2019. The solid line represents the linear regression, dashed lines indicate the 

213 95% confidence intervals. The parameters of the regressions (r2 and P-values) are shown at the bottom

214 Carbon and nitrogen stable isotopes were significantly different between juveniles and adults (Mann-Whitney test, P = 

215 2.241-08 for δ13C; P = 7.438-07 for δ15N), although differences fell within the range of variation expected for a single 

216 trophic level (1.3‰ for δ13C and 1.5 ‰ for δ15N according to Galván et al. (2016)). Adults showed a wider range of 

217 δ15N compared to juveniles, while the opposite pattern was observed for δ13C (Table 4). Carbon and nitrogen stable 

218 isotopes were not significantly different between males and females. Isotopic values were significantly different among 

219 the three depth ranges (Kruskal-Wallis test, P = 0.02776 for δ13C; P = 8.122-08 for δ15N). The individuals in the upper 

220 slope stratum showed a wider range of both δ13C and δ15N than those in the other depth ranges (Table 4).
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221 The Stable Isotope Bayesian Ellipse Area (SEAb) and the Standard Ellipse Area corrected for small sample size (SEAc) 

222 of adults were wider than those of juveniles (Fig. 4; Table 5), but overall the degree of overlap between them was high 

223 (>50%; Table 6). When longnose skates were grouped according to the depth of collection, individuals in the deeper 

224 depth range (551−750 m) had the broadest isotopic niche, with an overlap with other depths of 46−49%.

225 Fig. 4 Isotopic niches represented by polygons encompassing isotopic values and standard ellipse areas (SEAc) of Dipturus 

226 oxyrinchus collected in the Strait of Sicily (central Mediterranean Sea) between 2016 and 2019 grouped according to (a) size: 

227 juveniles (TL<55 cm) and adults (TL≥55 cm); and (b) depth of collection (200−400m; 401−550m; 551−750m). (c) and (d) represent 

228 comparison of estimated Bayesian Standard Ellipse Area (SEAb) for juveniles and adults and for the individuals in the three 

229 bathymetric layers. Boxes from dark to light grey represent the 50%, 75% and 95% of credibility intervals respectively, black points 

230 represent the mode and red crosses the estimated Standard Ellipse Area corrected for small sample size (SEAc)

231 The mean δ¹³C and δ¹⁵N of the longnose skate were -18.6 ± 0.5 ‰ and 8.9 ± 0.9‰, respectively (Fig. 5). Potential prey 

232 encompassed a wide range of δ¹³C and δ¹⁵N (Table 7, Fig. 5, additional data are available in the supplementary 

233 materials). Crustaceans exhibited the broadest range of variability, followed by Teleostei. The range of variation of both 

234 isotopes in cephalopods was remarkably narrower than that of the other two taxa (Fig. 5). The mean trophic position 
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235 estimated for D. oxyrinchus within the bathyal trophic web of the SoS using δ¹⁵N (TPSIA) was 3.4 ± 0.6, with a 

236 significant increase from juveniles (3.1 ± 0.4) to adults (3.7 ± 0.6) (Mann-Whitney test, P = 3.009-08). 

237

238 Fig. 5  Biplot of the mean (± standard deviation) δ¹³C and δ¹⁵N (‰) of potential prey of Dipturus oxyrinchus (Cephalopoda, 

239 Crustacea, and Teleostei), along with juveniles and adults Dipturus oxyrinchus isotopic values. The isotopic values of juvenile and 

240 adult skates are corrected for the diet-tissue discrimination factor by Galván et al. (2016). Data were collected in the Strait of Sicily 

241 (central Mediterranean Sea) between 2016 and 2019

242

243 4. Discussion

244 Knowledge of the ecology of batoids remains limited for most species, especially in the Mediterranean Sea (Barría et 

245 al., 2015; Rigolet et al., 2014). Among these species, the longnose skate and its trophic ecology were still poorly 

246 understood in the SoS, one of the areas in the Mediterranean Sea where this species is still relatively abundant 

247 (Fiorentino et al., 2024b; Follesa et al., 2019). Stomach content and stable isotope analyses indicate that the longnose 

248 skate is a mesopredator, feeding in both benthic and demersal environments. A large variety of prey was found in its 

249 diet, but only a few crustacean species were consumed regularly. This discrimination could be influenced by factors 

250 such as prey availability, prey size, and the predator's hunting strategy, among others. The significant presence of 

251 crustaceans in the diet of many batoids has been consistently observed by several authors (Bizzarro et al., 2009; Ebert 

252 and Bizzarro, 2007). Our analysis further supports this observation through the high frequency of occurrence in the diet 

253 of deep-water rose shrimps (P. longirostris), squat lobsters (I. speciosa), green shrimps (C. crassicornis), and mysids 
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254 (L. typicus). Indeed, bony fish and cephalopods contribute only to a lesser extent to the diet. However, the higher 

255 digestibility of the latter two groups compared to crustaceans may have led to their underrepresentation in stomach 

256 content analyses, partially explaining their perceived lower importance in the diet. These results partly align with the 

257 limited existing literature on the longnose skate, indicating that skates consume benthic prey, facilitated by their flat 

258 body shape and ventral mouth position. However, our findings differ from other studies conducted in the Mediterranean 

259 region regarding the proportional contribution of certain prey categories. In the Ligurian Sea, a diet based on equal 

260 quantities of cephalopods and crustaceans was described (Vannucci et al., 2006). In the Gulf of Gabès (Tunisia), the 

261 trophic spectrum of the longnose skate primarily consisted of benthic-pelagic teleosts, followed by crustaceans (Kadri et 

262 al., 2010). In the northern Aegean Sea and in Sardinian waters crustaceans contributed to the diet more than other prey, 

263 but while the deep-water rose shrimp was the most consumed prey in the Aegean Sea, it was notably absent in Sardinia. 

264 Instead, in the latter area, skates predominantly fed on mysids (Cabbar and Yiğin, 2023; Mulas et al., 2015; Yiğin and 

265 Ismen, 2010). These variations in the proportion of resource consumption can be attributed to several factors, including 

266 differences in habitat types, bathymetric distribution, size composition of the analysed samples, and prey availability 

267 across distinct Mediterranean regions. Indeed, consumption of certain prey by the Sicilian longnose skate could also be 

268 influenced by the higher abundance of some species in its environment, such as the deep-water rose shrimp, a 

269 commonly exploited resource by trawlers in the bathyal bottoms of the SoS, where it is particularly abundant 

270 (Fiorentino et al., 2024a; Geraci et al., 2021a; Vitale et al., 2006).

271 Studies have shown ontogenetic changes in feeding habits of batoids (Braccini et al., 2005; Brickle et al., 2003; 

272 Espinoza et al., 2012; Treloar et al., 2009). In skates, a decrease in the consumption of crustaceans and an increase in 

273 the consumption of cephalopods and teleosts has been observed during growth in different regions (Belleggia et al., 

274 2016; Brown-Vuillemin et al., 2020; Koen Alonso et al., 2001; Packer et al., 2003; Schmitt et al., 2015; Treloar et al., 

275 2009; Vargas-Caro et al., 2015). Such trends for the longnose skate were observed in Sardinian waters, with mature 

276 individuals decreasing the consumption of mysids while increasing that of decapods, cephalopods, and bony fish (Mulas 

277 et al., 2015). In the Aegean Sea instead, Yiğin and Ismen (2010) reported a higher occurrence of cephalopods in the 

278 stomach of small skates (16−50 cm total length) and an increase of bony fish in larger size classes (70−98 cm total 

279 length). The results of the present study align with these general trends yet provide new and refined insights into the 

280 feeding dynamics of longnose skates in the SoS. By capturing non-linear relationships between explanatory and 

281 response variables, GAMs offer a flexible and robust framework for modelling complex interactions. This approach 

282 allowed us to finely represent dietary changes and identify prey-specific trends that might otherwise remain obscured 

283 using traditional trophic indices. While crustaceans were consistently dominant in the diet, our analysis revealed an 

284 ontogenetic change in crustacean type consumption. Juvenile skates primarily consumed hyperbenthic mysids, which 
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285 declined logarithmically with growth, underscoring their critical role for smaller individuals. As skates grew, they 

286 transitioned to anomuran decapods as an intermediate forage resource, with a dome shaped feeding pattern indicating 

287 peak consumption at intermediate sizes. Subsequently, an increase in the intake of swimming decapods was observed 

288 for the largest predators, highlighting a shift towards larger, more mobile prey with growth. This progression reflects 

289 both morphological and ecological adaptations throughout skate’s ontogeny and underscores their increasing ability to 

290 exploit higher-energy resources, in accordance with our isotopic results. Adults also seem to have a wider niche, 

291 preying on 35 taxa compared to the 26 taxa consumed by juveniles. This difference may be attributed to the narrow 

292 mouth size of juveniles, which could limit their predatory ability compared to adults. 

293 The variations in the feeding habits of the longnose skate in the SoS were also influenced by the bathymetric 

294 distribution of the individuals. Limited information on such variations is available in the literature. Indeed, the longnose 

295 skates analysed in the northern Aegean Sea seem to occupy a restricted depth range (samples were captured between 

296 215 and 444 m) (Yiğin and Ismen, 2010). Mulas et al. (2015) instead provided some insight into changes in feeding 

297 habits by depth. They observed longnose skates between 100 and 200 m feeding mainly on teleosts, cephalopods, and 

298 crustaceans; while individuals in deeper waters (200 to 800 m) preyed mostly on crustaceans, especially decapods, 

299 mysids, and euphausiids. In this study, we found that depth particularly affected the consumption of anomuran decapods 

300 and mysids, which both decreased with increasing depth. Additionally, skates found at depths greater than 400 m 

301 consistently included other crustaceans in their diet. Changes in depth could lead to variations in the composition of 

302 available prey and thus reflect on the trophic spectrum. It is then plausible that both resource availability and the 

303 distributional pattern of preys and predators influenced the results obtained. The relationships between body size and 

304 depth may reflect ontogenetic changes in predatory capabilities such as swimming speed, time devoted to prey 

305 searching, etc. Smaller and younger individuals may be more opportunistic and target easily obtainable prey, such as 

306 small invertebrates, while larger and more experienced animals may actively pursue a wider range of prey, including 

307 bony fish. In the absence of a clear bathymetric separation between juveniles and adults, differences in dietary 

308 composition between them reduce intraspecific competition, thus easing coexistence on the same seafloors (Gouraguine 

309 et al., 2011; Rodríguez-Cabello et al., 2007; Valls et al., 2011). Conversely, the absence of significant differences in the 

310 diets between sexes, as highlighted by both GAM and isotopic analyses, suggests that males and females exploit similar 

311 trophic resources.

312 The integration of stomach content and stable isotope analyses has proven to be a powerful tool to gain a 

313 comprehensive view of a predator’s trophic ecology (Barría et al., 2015; Ebert and Bizzarro, 2007; Mulas et al., 2015; 

314 Treloar et al., 2009). We explored the isotopic composition of the longnose skate across individuals of different size 

315 classes and inhabiting various depths. Overall stable isotope results were consistent stomach contents data, providing 
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316 complementary insights into the species’ feeding habits. Notably, the isotopic niche of adults was broader than the niche 

317 of juveniles, although they were partially overlapping. This result may be driven by the higher diversity of prey 

318 consumed, as indicated by stomach contents, the use of diverse habitats with different isotopic baselines, or a 

319 combination of these factors. Carbon and nitrogen stable isotope values of the predator and its potential prey suggested 

320 that crustaceans may provide the highest contribution to the diet of both juveniles and adults. 

321 Despite these insights, the isotopic data collected did not allow a quantitative definition of the dietary composition of 

322 skates. After applying corrections for lipid content and DTDF, the isotopic polygon of potential prey did not fully 

323 encompass the predator’s isotopic values, especially for the y-axis (i.e., δ15N) (Fig. 5). This pattern suggests that one or 

324 more prey were missing within our stable isotope determinations. The comparison of the list of taxa found in the 

325 stomach contents with the prey items for which isotopic values were determined revealed the absence of the isotopic 

326 data for the mysid L. typicus, a significant resource in the diet of the longnose skate according to stomach content 

327 analysis. In fact, L. typicus is expected to have low δ15N values, as reported in literature for other Mediterranean regions 

328 (Madurell et al., 2008). Although the stable isotope data collected in this study did not allow to proceed further with 

329 dietary composition, the positive correlation between both carbon and nitrogen isotopic values and the size of the 

330 predator supports the integration of higher trophic level prey into the diet of adult skates, also in agreement with GAM 

331 models results. In particular, the isotope values observed in adults may be a consequence of an increased consumption 

332 of fish, which have higher nitrogen stable isotope values than crustaceans and cephalopods.

333 The longnose skate was found to belong to a trophic position between 3 and 4 (TL = 3.4 ± 0.6) in the SoS, confirming 

334 its role as a mesopredator within the bathyal ecosystem. The trophic position increases with growth, consistently with 

335 the observations of the diet. However, values estimated in this study are slightly lower than those reported for this 

336 species and its congeners in other Mediterranean areas and beyond (Barría et al., 2015; Ebert and Bizzarro, 2007; Mulas 

337 et al., 2015; Treloar et al., 2009). Comparing the trophic niche of the longnose skate with those of other sympatric 

338 batoids of the Mediterranean Sea, we observed that this skate showed similar values to those of other species with a 

339 crustacean-based diet such as Leucoraja naevus, Raja polystigma, R. asterias, R. clavata, and R. montagui (Barría et al., 

340 2015; Coll-Calvo et al., 2020; Fanelli et al., 2023).

341 In conclusion, this study provides new insights into the trophic ecology of the longnose skate in the SoS, which can be 

342 valuable for informing fisheries management in the region. For example, the longnose skate population could 

343 significantly contribute to regulate the populations of the deep-water rose shrimp (P. longirostris) and other 

344 commercially important species by predation-induced mortality, and therefore the quantification of this impact could be 

345 valuable for effective fisheries management.
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346 More broadly, the obtained data can support existing ecosystem models for the study area, such as Ecopath with Ecosim 

347 (EwE) (Agnetta et al., 2019), and ATLANTIS (Sinerchia et al., 2025), enabling the quantification of the specie’s role in 

348 the trophic web of the SoS. 
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608 Tables

609 Table 1 Number of Dipturus oxyrinchus collected in the Strait of Sicily (central Mediterranean Sea) from 2016 to 2019 classified 

610 according to their size (juveniles, TL <55 cm; adults, TL ≥ 55 cm; where 55 cm is the size at first maturity observed in this study) 

611 and depth strata

612

Depth strata Juveniles Adults Total

200-400 m 51 28 79

401-550 m 14 24 38

551-750 m 6 18 24

NA 2 9 11

Total 73 79 152

613

614 Table 2 Prey identified within stomach contents of Dipturus oxyrinchus collected in the Strait of Sicily (central Mediterranean Sea) 

615 between 2016 and 2019. %W: percentage in mass of prey; %N: percentage in number; %F: Frequency of occurrence. Nd = not 

616 determined

617

Prey %W %N %F

Crustacea

nd 1.79 1.88 16.67

Mysidacea

nd 0.08 4.69 3.51

Lophogaster typicus 0.35 16.20 7.89

Amphipoda

Phronima sedentaria 0.00 0.23 0.88

Euphasiacea

nd 0.00 0.23 0.88

Decapoda

Natantia
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nd 3.98 11.50 21.05

Aegaeon lacazei 0.09 0.23 0.88

Chlorotocus crassicornis 4.17 5.40 12.28

Parapenaeus longirostris 27.77 13.85 16.67

Plesionika edwarsii 4.22 1.41 1.75

Plesionika gigliolii 0.80 0.70 0.88

Plesionika spp. 2.26 0.70 1.75

Pontophilus spinosus 0.06 0.23 0.88

Solenocera membranacea 0.51 0.23 0.88

Macrura

Alpheus spp. 0.08 0.23 0.88

Nephrops norvegicus 6.85 0.47 1.75

Polycheles typhlops 0.25 0.23 0.88

Scyllarus spp. 0.06 0.70 2.63

Anomura

Iridonida speciosa 20.68 24.41 15.79

Munida spp. 0.33 0.23 0.88

Brachiura

Goneplax rhomboides 2.17 2.35 5.26

Parthenope spp. 0.42 0.23 0.88

Stomatopoda

nd 0.33 0.47 1.75

Rissoides desmaresti 1.05 0.47 1.75

Rissoides spp. 0.15 0.23 0.88

Cephalopoda

nd 0.57 3.99 11.4

Abraliopsis morisii 0.01 0.23 0.88

Bathypolypus sponsalis 0.02 0.23 0.88

Eledone spp. 1.71 0.23 0.88

Heteroteuthis dispar 0.35 0.70 2.63
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Illex coindetii 0.01 0.23 0.88

Loligo forbesii 0.01 0.23 0.88

Pteroctopus tetracirrhus 0.01 0.23 0.88

Sepietta oweniana 0.01 0.23 0.88

Teleostei

nd 5.67 2.82 9.65

Anguilliformes 0.41 0.23 0.88

Callionymus spp. 0.15 0.23 0.88

Ceratoscopelus maderensis 0.07 0.23 0.88

Coelorinchus caelorhincus 4.50 0.70 2.63

Gaidropsarus biscayensis 0.05 0.23 0.88

Glossanodon leioglossus 0.14 0.23 0.88

Gnathophis mystax 0.64 0.23 0.88

Nemichthys scolopaceus 0.30 0.23 0.88

Notacanthus bonaparte 2.03 0.23 0.88

Ophisurus serpens 0.07 0.23 0.88

Phycis blennoides 1.72 0.23 0.88

Trachyrincus scabrus 0.02 0.23 0.88

Not identified material 3.10 0.00 11.40

618

619 Table 3 Summary of the outputs of the best model explaining the consumption in number of the main prey categories of Dipturus 

620 oxyrinchus, including their smooth terms for depth (s(Depth)) and total length (s(TL)), estimated degrees of freedom (edf), reference 

621 degrees of freedom (Ref.df), chi-square statistics (Chi.sq), p-values, and the percentage of deviance explained by each model.

Model Term edf Ref.df Chi.sq p-value Deviance 

Explained

gam_Anomura s(Depth) 1.000 1.000 18.752 *0.000 62.169

s(TL) 3.185 3.990 12.492 *0.014 62.169

gam_Brachyura s(Depth) 2.079 2.522 2.630 0.478 18.359

s(TL) 1.000 1.000 0.784 0.376 18.359

gam_Lophogastrida s(Depth) 1.000 1.000 9.759 *0.002 69.399
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Model Term edf Ref.df Chi.sq p-value Deviance 

Explained

s(TL) 1.000 1.000 19.143 *0.000 69.399

gam_Natantia s(Depth) 1.433 1.730 0.480 0.640 18.746

s(TL) 1.000 1.000 11.808 *0.001 18.746

gam_OthCrustaceans s(Depth) 2.436 3.001 9.115 *0.028 19.986

s(TL) 3.483 4.316 6.053 0.197 19.986

gam_Cephalopoda s(Depth) 1.000 1.000 0.003 0.959 12.492

s(TL) 1.339 1.608 6.543 *0.019 12.492

gam_Teleostei s(Depth) 1.000 1.000 2.229 0.135 15.587

s(TL) 1.000 1.000 6.917 *0.009 15.587

622

623 Table 4 Mean ( ± SD) δ13C, δ15N, carbon range (CR), nitrogen range (NR) (all in ‰) and number (n) of Dipturus oxyrinchus 

624 collected in the Strait of Sicily (central Mediterranean Sea) between 2016 and 2019 and grouped according to size (juveniles, TL<55 

625 cm; adults, TL ≥55 cm), and the collection depth (200-400 m; 401-550 m; 551-750 m)

Group n δ¹³C δ¹⁵N CR NR

Size

Juveniles 70 -18.9 ± 0.4 8.4 ± 0.7 2.7 2.6

Adults 79 -18.5 ± 0.4 9.2 ± 0.9 2.3 3.7

Depth range

200-400 m 78 -18.7 ± 0.5 8.4 ± 0.8 2.6 3.4

401-550 m 38 -18.7 ± 0.4 9.1 ± 0.7 2.3 3.1

551-750 m 22 -18.5 ± 0.4 9.4 ± 0.9 1.4 3.2

626

627 Table 5 Stable Isotope Bayesian Ellipse Area (SEAb, mode and credible intervals) and mean Standard Ellipse Area corrected for 

628 small sample size (SEAc), all in ‰2, of Dipturus oxyrinchus collected in the Strait of Sicily (central Mediterranean Sea) between 

629 2016 and 2019. Individuals were grouped based on their size (juveniles, TL<55cm; adults, TL ≥55cm), and the collection depth (200-

630 400 m; 401-550 m; 551-750 m)

SEAb
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Credible intervalsGroup SEAc Modes
99% 95% 50%

Sizes
Juveniles 0.73 0.71 0.51-0.99 0.56-0.90 0.65-0.77

Adults 0.95 0.94 0.69-1.26 0.75-1.17 0.87-1.02

Depth range
200-400 m 0.85 0.84 0.63-1.14 0.67-1.07 0.78-0.91
401-550 m 0.61 0.61 0.40-0.94 0.44-0.85 0.54-0.67

551-750 m 1.04 0.96 0.53-1.73 0.62-1.48 0.83-1.11

631

632 Table 6 Values and pairwise estimates of the proportion of overlap (%) between the Stable Isotope Ellipse Area corrected for small 

633 sample size (SEAc) of Dipturus oxyrinchus collected in the Strait of Sicily (central Mediterranean Sea) between 2016 and 2019 and 

634 grouped based on their size (juveniles, TL<55cm; adults, TL ≥55cm), and the collection depth (200-400 m; 401-550 m; 551-750 m)

Group 1 vs group 2
Area of 
group 1 

(‰2)

Area of 
group 2 

(‰2)

Area of 
overlap 

(‰2)

Proportion 
of 1 that 
overlaps 

with 2 (%)

Proportion of 
2 that 

overlaps with 
1 (%)

Overlap 
(%)

Adults vs Juveniles 5.70 4.35 3.46 60.7 79.5 52.5
200-400 m vs 401-550 

m 5.10 3.67 2.87 56.3 78.3 48.7

551-750 m vs 200-400 
m 6.20 5.10 3.71 59.7 72.6 48.8

551-750 m vs 401-550 
m 6.20 3.67 3.12 50.4 85.1 46.3

635

636 Table 7 Mean (± SE) of δ13C and δ15N, carbon range (CR) nitrogen range (NR) (all in ‰) and number of samples (n) of the potential 

637 prey taxa of Dipturus oxyrinchus collected in the Strait of Sicily (central Mediterranean Sea) between 2016 and 2019.

Group n δ13C δ15N CR NR

Crustacea 37 -19.4 ± 1.1 8.0 ± 1.5 5.1 6.5

Teleostei 17 -19.4 ± 1.0 9.3 ± 1.6 4.3 5.8

Cephalopoda 8 -20.1 ± 0.3 8.5 ± 0.7 0.9 2.0

638
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