

  jmse-08-00269




jmse-08-00269







J. Mar. Sci. Eng. 2020, 8(4), 269; doi:10.3390/jmse8040269




Article



Biological Aspects of Juveniles of the Common Stingray, Dasyatis pastinaca (Linnaeus, 1758) (Elasmobranchii, Dasyatidae), from the Central Mediterranean Sea



Francesco Tiralongo 1,2,3,*[image: Orcid], Giuseppina Messina 1 and Bianca Maria Lombardo 1





1



Department of Biological, Geological and Environmental Sciences, University of Catania, 95124 Catania, Italy






2



Ente Fauna Marina Mediterranea, 96012 Avola, Italy






3



GRIS, Gruppo Ricercatori Italiani sugli Squali, Razze e Chimere, 16132 Genova, Italy









*



Correspondence: francesco.tiralongo@unict.it







Received: 24 February 2020 / Accepted: 7 April 2020 / Published: 10 April 2020



Abstract

:

Data on the biology of Dasyatis pastinaca are absent from the Ionian Sea and only a few studies were conducted in the Mediterranean Sea. Some biological and ecological aspects of D. pastinaca were investigated between November 2019 and February 2020 in the central Mediterranean Sea. In particular, we investigated several morphologic, population and ecological aspects of the species. The analysis of the stomach contents showed that D. pastinaca is a generalist carnivorous, mainly feeding on small crustaceans and polychaetes. The Levin’s index value (Bi) was 0.85. The sex ratio showed no significant differences from 1:1 ratio. Females were larger than males, but no statistical differences were found in disc width-weight and total length-disc width relationships between sexes. Most of the specimens caught were juveniles and inhabit shallow sandy bottoms.
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1. Introduction


Elasmobranchs are key top predators in most marine environments and play an essential role in regulating and structuring marine ecosystems [1,2]. On the other hand, due to their low fecundity and delayed age at maturity, elasmobranchs are highly vulnerable to fishing activity and are often affected by high by-catch rates [3,4]. All this is reflected in the dramatic decline of shark and ray populations and, as demonstrated by several researches conducted in the Mediterranean Sea over the last decades, most species of elasmobranchs have dramatically declined in number mainly due to overfishing and illegal fishing [5,6,7,8,9].



In Italian seas, stingrays (Dasyatidae) are represented by 4 species and 3 genera [10]: Dasyatis Rafinesque, 1810, Pteroplatytrygon Fowler, 1910 and Taeniura Müller & Henle, 1837. The genus Dasyatis comprises Dasyatis pastinaca (Linnaeus, 1758) and Dasyatis centroura (Mitchill, 1815). These two species are very similar but can be distinguished by the presence (D. pastinaca) or absence (D. centroura) of a dorsal keel behind the spine on the tail and by the presence of quite developed spines and tubercles on the dorsal surface of the body and tail in large specimens of D. centroura [11]. Furthermore, between all the Mediterranean species of the genus Dasyatis, D. pastinaca is the most abundant and widely distributed one [12]. Pteroplatytrygon violacea (Bonaparte, 1832) is a less common species than D. pastinaca, while Taeniura grabata (Geoffroy Saint-Hilaire, 1817) is very rare and was only occasionally caught in the Mediterranean, and only once in Italian waters [10,13]. Because of their low or no commercial value, stingrays are usually discarded [14,15,16]. However, due to their vulnerability to fishing activities, the conservation and correct management of these vulnerable K-selected species require special efforts to ensure their perpetuation.



The common stingray, D. pastinaca, is an Atlantic-Mediterranean species whose distribution extends from the southwestern Baltic Sea and throughout the Mediterranean Sea to Senegal [17]. It is listed as “data deficient” in the IUCN Red List [18]. The common stingray inhabits soft bottoms of coastal waters, down to a depth of about 200 m [19,20]. It is commonly caught with trammel nets and trawls and usually discarded [14,15,16]. The maximum recorded disc width (DW) is 64 cm, but common sizes range from 20 to 40 cm DW. The survival rate of this species, when caught with trammel net, is equal or close to 0 [16]. Indeed, because of their defensive behavior, fishermen are forced to kill the stingrays with the aim of avoiding serious injuries from their venomous spine on the tail. Another noteworthy fact of this species is the antimicrobial and anti-proliferative effects of its skin mucus [21].



Data on the biology and ecology of D. pastinaca in the Mediterranean Sea are scarce, and no data are available from the Ionian Sea. Therefore, the aim of this study is to provide new data on the biology and ecology of the common stingray, providing the first data from specimens from the Ionian Sea. In particular, we investigated size frequency distribution, sex ratio, disc width-weight relationships, total length-disc width relationships, diet composition and habitat of D. pastinaca from specimens caught as discards in trammel nets targeting cuttlefish, Sepia officinalis Linnaeus, 1758, in the central Mediterranean Sea.




2. Materials and Methods


A total of 120 specimens of D. pastinaca were collected along the coastline extending for about 21 km in the southeast coast of Sicily (Ionian Sea), from Avola to Marzamemi (Figure 1). The specimens were caught by professional fishermen at 5–30 m depth between the 10 November 2019 and 10 February 2020 with trammel nets targeting cuttlefish (S. officinalis) [16]. Trammel nets were deployed overnight (from 6 pm to 4 am) for about 10 h, on sandy and mixed bottoms (sand and rocks), close to Posidonia oceanica seagrass meadows. In order to better represent the population, specimens were randomly selected from different fishing vessels operating in the area. Data about bottom nature and depth of capture were collected through interviews to fishermen.



Each specimen was weighed and measured (disc width and total length). The sex was determined by the presence (male) or absence (female) of claspers. Weight and disc width measures were used for the disc width-weight relationships following the formula: W = aDWb, where W is the weight in grams (g), DW is the disc width in centimeters (cm), a is the intercept and b is the slope of the regression curve. Total length (TL) and disc width measures were used for the total length-disc width relationships following the formula: DW = yTL + x, where y is the slope and x is the intercept of the regression line. Disc-width frequency distributions were constructed for both sexes. A chi-square test was used to verify if there was a significant difference (α = 0.05) between the observed and the expected sex ratio (M:F, 1:1) of the whole sample. To test if the regressions of the weight (W) on disc width (DW) were significantly different (α = 0.05) for the two sexes, and to test if the regressions of the disc width on total length (TL) were significantly different (α = 0.05) for the two sexes, an analysis of covariance (ANCOVA) was employed. Five outliers (females > 2143 g) were excluded from the analyses.



The stomach was removed from each fish as soon as possible after landing, and its content analyzed. All the prey items in the stomachs were counted, washed in clean seawater and dried with blotter paper, identified under a microscope to the lowest taxonomic level possible and weighed to the nearest 0.01 g.



The frequency of occurrence (%F), percentage weight (%W), percentage abundance (%N) and the Index of Relative Importance (%IRI) were calculated for each prey category [22,23]. The vacuity index (percentage of empty stomachs) was also calculated.



According to the value of their percentage abundance (%N), prey were grouped into three categories [24]: dominant (N > 50%), secondary (10% < N < 50%) and accidental (N < 10%).



The feeding strategy of D. pastinaca was visually examined using a modified version of the Costello (1990) graph [25] by plotting the prey-specific biomass (Pi) against their frequency of occurrence (%F) [26]:


  P i =   SW i   SW  t i      ×   100  



(1)




where Pi is the prey-specific biomass of prey i, SWi the stomach content biomass of prey i, and SWti the total stomach content biomass in those predators with prey i in the stomach.



Standardized Levin’s index (Bi) was used to evaluate the breadth of the diet [27]:


  B =  1   ∑   p j 2     



(2)






  B i =   B − 1    B  m a x   − 1    



(3)




where pj is the relative frequency specimens in the jth prey item and Bmax is the total number of prey item categories found. Bi is comprised between 0 and 1. The more the value of Bi is close to 0, the narrower is the trophic niche of the species investigated. Conversely, the closer the value of Bi is to 1, the wider the trophic niche. Hence, if Bi < 0.40, the species is considered a “specialist feeder”; if 0.40 < Bi < 0.60, the species is considered an “intermediate feeder”; if Bi > 0.60 the species is considered a “generalist feeder” [28].



A cumulative prey curve [29] was computed with R Studio [30] in order to evaluate whether the number of analyzed stomachs was sufficient to describe the diet of the species. The estimated number of prey groups with the associated SD were plotted against the cumulative number of individuals whose stomach was examined.




3. Results


Out of the total 120 specimens sampled, 57 (47.5%) were males and 63 (52.5%) were females. The sex ratio did not deviate significantly from 1:1 (M:F, 0.9:1; p-value > 0.05). Females were on average larger than males, ranging from 31 to 76.4 cm in total length, from 16.8 to 45.5 cm in disc width and from 144 to 3781 g in weight (Figure 2, Table 1). However, the ANCOVA test did not indicate significant differences (p-value > 0.05) in disc width-weight relationships between sexes and neither did total length-disc width relationships (p-value > 0.05). The disc width-weight relationships for both sexes and combined showed a positive allometry (Table 2, Figure 3). The parameters of the linear regression of the total length-disc width relationships were: DW = 0.641TL−4.2508 for males; DW = 0.641TL−4.122 for females; and DW = 0.641TL−4.1867 for combined sexes (Figure 4).



Considering the size at first maturity (L50 = 62.5 cm and 43 cm in DW for males and females, respectively) reported by a study conducted in the nearby Aegean Sea [31], a high percentage of specimens (virtually all males and the majority of females) were juveniles. All the specimens were caught on sandy bottom and within the whole bathymetric range investigated (5–30 m). A total of only 5 specimens (all females > 2143 g) were of relatively large size.



The cumulative prey curve showed that relatively few stomachs (about 50) are necessary for a reliable description of the diet of D. pastinaca (Figure 5). Out of the 120 specimens analyzed, only 67 had prey in their stomach (vacuity index of 55.83%). The stomach content analysis revealed that juveniles of D. pastinaca mainly feed on small benthic crustaceans and also, to a lesser extent, polychaetes (Table 3). Fish represented a negligible part of the diet. However, no preference for a particular prey was observed: the value of the standardized Levin’s index (Bi) was 0.85 (the digested category was included in the analysis), indicating a wide trophic niche. Most of the prey types were included into the category of “accidental prey” (N < 10%) (Table 3) and only a few (Amphipoda, Mysida and Lumbrineridae) were classified as “secondary prey” (10% < N < 50%). No dominant (N > 50%) prey types were found between the 13 identified items. Most of the prey were represented by small benthic invertebrates inhabiting sandy bottoms (Table 3). The values obtained for %IRI, %F and %W also indicated no clear dominance of any prey (Table 3). The same was clearly indicated by the plotted results of the main prey-specific biomass (Pi) against the frequency of occurrence (%F), being in agreement with results of the other previous analysis (Figure 6).




4. Discussion


With the exception of a few large female specimens, all or most of the individuals were juveniles. The sex ratio (statistically not significantly different from 1:1) of the fish caught during the study period indicates that there is no sexual segregation in juveniles of D. pastinaca.



The disc width-weight relationships showed a positive allometric growth in both sexes. Population structure and growth parameters, such as length-weight relationships are valuable measurements in order to evaluate the health conditions of fish populations [32] and are useful for comparisons of life histories of species among regions [33]. Also, total length-disc width relationships are valuable measurements to investigate intra and interspecific variation among populations [34]. Females showed larger sizes than males, but no significant differences were found in disc width-weight and total length-disc width relationships between the two sexes. Males and females attained smaller sizes than those of specimens from the Aegean Sea and Cilician Basin [31,35]. On the contrary, they reached similar size to those from the Iskenderun Bay [36]. Size differences appears to be related to the sampling depth. Indeed, while our specimens and those from the Iskenderun Bay were caught in shallow waters (5–30 and 0–50 m, respectively), the specimens from the other two Mediterranean areas (Aegean Sea and Cilician Basin) were collected in deeper waters (>50 m, down to a depth of 500 m). In consideration of this, we can speculate that juveniles of D. pastinaca use the study area, consisting of sandy bottoms of shallow waters close to Posidonia oceanica meadows, as a feeding ground. A similar result was obtained for juveniles of the rough ray, Raja radula Delaroche, 1809 [37].



On the basis of the number of specimens collected during the study period—and especially from interviews with local fishermen—D. pastinaca can be considered common in shallow waters of the Ionian coast of Sicily (central Mediterranean Sea). We also point out that in the investigated area D. pastinaca represented about 19% of the total elasmobranch catches in trammel nets targeting S. officinalis [16]. In the southeastern Sicily, the species is sympatric with other common species of elasmobranchs: R. radula and Torpedo torpedo (Linnaeus, 1758). However, while fishermen caught both adults and juveniles of T. torpedo [38], in R. radula, as in the case of D. pastinaca, most of the specimens were juveniles [37]. Furthermore, considering the different feeding habits between D. pastinaca and T. torpedo, their trophic niche does not overlap, resulting in little or no direct competition between these two species. Indeed, while D. pastinaca mainly feeds on small benthic crustaceans, as also demonstrated in this study, T. torpedo is a generalist piscivore [38,39]. The different diets of the two species (D. pastinaca and T. torpedo) can be explained by a different predation strategy. Indeed, only T. torpedo is capable of producing electric discharges to stun prey before swallowing them, and therefore this ambush predator feeds on more mobile and larger prey such as fish. Conversely, between D. pastinaca and R. radula the diet overlap was consistent. Both species mainly feed on small benthic crustaceans, with R. radula being a more selective feeder [37]. Hence, the differences in the diets of these species and, consequently, the different trophic competition between them, could be the cause, at least in part, of the different abundances of the species in the area: ~19%, ~33% and ~47% of the total catch of elasmobranchs, respectively for D. pastinaca, R. radula and T. torpedo [16].



Crustaceans (total percentage in number > 75%), followed by polychaetes, were the dominant prey. Considering the IRI, the main prey among crustaceans were represented by mysid shrimps, Liocarcinus sp. and Caridea. Other studies from other Mediterranean areas also showed similar results. In particular, Yeldan et al. (2009) [35] showed that the diet of specimens from Cilician coasts (Turkey) was mainly composed by crustaceans. Another study from the Black Sea (Turkey) [40] showed a similar result and similar results were also reported from the northeastern Atlantic (Azores) and from the eastern Adriatic Sea (Croatia) [41,42]. Furthermore, although the crustacean species composition varies between our and the above mentioned studies, some decapods species seem to be quite common in the diet of D. pastinaca and were reported from two or more of the above mentioned studies (including our study): Alpheus glaber (Olivi, 1792), Crangon crangon (Linnaeus, 1758), Liocarcinus depurator (Linnaeus, 1758) and Upogebia pusilla (Petagna, 1792). In all cases, the high value of the Levin’s index (0.85) and the plot of the prey-specific biomass (Pi) indicated that D. pastinaca is a generalist feeder.



In the marine environment, sharks and batoids often occupy the highest trophic levels of the food chain [43]. The key ecological role of these species is however threatened by human activities such as illegal fishing, overfishing and habitat destruction [1], which have in some cases led to dramatic shift in relative abundance, sometimes resulting in a great increase in smaller, lower-trophic level species. However, despite the importance of understanding the feeding relationships and the energy transfer in marine ecosystems, little is known about the feeding ecology of most elasmobranch species, and this is particularly true for batoids, which have received considerably less attention than sharks [44,45]. The importance of stingray predation in regulating the abundance and composition of prey in shallow waters has been demonstrated by several authors [46,47]. Hence, there is a need to protect these vulnerable and important key species. It therefore appears of great importance in management and conservation strategies such as, for example, the establishment of marine reserve, to have a good understanding of the trophic differences and relationships among species. Hence, we also need to deepen the knowledge about the trophic ecology of these species [48].



In conclusion, our study provides new data on the biology and ecology of D. pastinaca in the central Mediterranean Sea (where the only available data were from the eastern Adriatic Sea), and first data from the Ionian Sea. Dasyatis pastinaca juveniles were found common in sandy bottoms of the investigated area. Juveniles are quite active feeders, and mainly feed on small benthic invertebrates, with a general preference for decapod crustaceans and polychaetes. However, there was no clear preference of any particular species. Additional targeted studies are needed to provide new useful data for the management and protection of this potentially vulnerable k-selected species. Still little is known about several biological and ecological aspects of D. pastinaca, such as population structure, abundance, distribution and habitat selection and no data are available from the western part of the Mediterranean Sea. The experience and knowledge of fishery workers is a valid method for data collection [49,50]; a close collaboration between scientists and fishermen can lead to a better understating of the ecology and distribution of elasmobranchs.



Finally, particular attention is needed concerning the impacts of coastal fisheries on this and other coastal elasmobranch species. Considering the relatively high percentage of juveniles of the species of batoids caught in the area, a reduction of fishing pressure on these resources should be encouraged. A successful strategy could be the release of juvenile and adult specimens that are still alive and in good conditions in nearby selected areas immediately after landing.
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Figure 1. Study area (indicated in red) in the Ionian coast of Sicily (central Mediterranean Sea). 
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Figure 2. Sex composition by size classes of Dasyatis pastinaca. 
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Figure 3. Disc width-weight relationships of D. pastinaca for both sexes (a) and combined (b). A: in red for females (N = 63) and blue for males (N = 57). 
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Figure 4. Disc width-length relationships of D. pastinaca for both sexes (a) and combined (b). A: in red for females (N = 63) and blue for males (N = 57). 
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Figure 5. Cumulative prey curve (in red) as a function of sample size for all stomachs analyzed of D. pastinaca. Standard deviation (SD) represented with blue lines. 
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Figure 6. Prey-specific biomass (Pi) plotted against the frequency of occurrence (%F) of the main prey items for D. pastinaca from the Ionian Sea (central Mediterranean Sea). 
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Table 1. Sex distribution, total length, disc width and weight of Dasyatis pastinaca in the Ionian Sea (central Mediterranean Sea). The sex ratio (M:F, 0.9:1) was not significantly different from 1:1 (chi-square: p > 0.05).
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SEX

	
N

	
Total Length (TL) cm

	
Disc Width (DW) cm

	
Weight (W) g




	

	

	
Range

	
Mean

	
SD

	
Range

	
Mean

	
SD

	
Range

	
Mean

	
SD






	
M

	
57

	
31.2–62.8

	
44.62

	
10.72

	
15.9–38.2

	
24.36

	
6.94

	
125–2195

	
672.1

	
616.51




	
F

	
63

	
31–76.4

	
44.99

	
12.55

	
16.8–45.5

	
24.72

	
8.09

	
144–3781

	
750.1

	
952.76




	
Combined

	
120

	
31–76.4

	
44.82

	
11.67

	
15.9–45.5

	
24.55

	
7.53

	
125–3781

	
713

	
808.29
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Table 2. Disc width-weight relationships parameters of D. pastinaca in the Ionian Sea (central Mediterranean Sea); C.I. = 95% confidence interval.
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	SEX
	N
	a
	C.I. a
	b
	C.I. b
	R2
	p-Value





	M
	57
	0.0133
	0.0095–0.0185
	3.303
	3.197–3.409
	0.99
	<0.01



	F
	63
	0.0163
	0.0126–0.0217
	3.229
	3.147–3.311
	0.99
	<0.01



	Combined
	120
	0.0149
	0.0121–0.0183
	3.262
	3.196–3.327
	0.99
	<0.01
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Table 3. Diet composition of D. pastinaca from the Ionian Sea (central Mediterranean Sea). %F = percentage frequency of occurrence; %N = percentage in number; %W = percentage in biomass; IRI = Index of Relative Importance of prey items and its percentage (%IRI). Values > 10% are in bold.
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	Food Items
	%F
	%N
	%W
	IRI
	%IRI





	CRUSTACEA
	
	
	
	
	



	Alpheus sp.
	5.97
	2.06
	1.37
	20.47
	1.1



	Amphipoda
	7.46
	11.86
	2.07
	103.91
	5.6



	Caridea
	14.93
	6.7
	12.32
	283.96
	15.2



	Crangon crangon
	8.96
	3.61
	3.15
	60.56
	3.2



	Liocarcinus sp.
	10.45
	3.61
	20.2
	248.81
	13.3



	Mysida
	10.45
	43.81
	3.04
	489.58
	26.2



	Portunus hastatus
	8.96
	3.09
	17.44
	183.94
	9.8



	Xantho sp.
	4.48
	1.55
	8.74
	46.09
	2.5



	MOLLUSCA
	
	
	
	
	



	Donacidae
	7.46
	3.09
	2.32
	40.35
	2.2



	Gastropoda
	5.97
	2.06
	6.79
	52.83
	2.8



	POLYCHAETA
	
	
	
	
	



	Lumbrineridae
	8.96
	11.34
	15.5
	240.48
	12.9



	Polychaeta
	10.45
	5.15
	2.27
	77.53
	4.1



	TELEOSTEI
	
	
	
	
	



	Pomatoschistus sp.
	1.49
	0.52
	3.21
	5.55
	0.3



	Digested
	4.48
	1.55
	1.58
	14.02
	0.8











© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).
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