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Editorial on the Research Topic 


The use of stable isotope ecology in sharks


The development of biochemical approaches such as isotopic analysis in elasmobranchs has made it possible over time to investigate aspects that may have been unlikely a few years ago. Since its introduction 40 years ago, the use of isotopic applications in chondrichthyans has become a tool that allows us to obtain eco-trophic information on species without endangering or killing them. This is especially true for endangered species of sharks. The basic principles behind stable isotope analysis are quite simple. As a predator eats its prey, atoms of that prey are incorporated into that predator’s tissues through the process of digestion, which means that on an atomic level, you truly are what you eat. This means that by comparing an animal’s average isotope ratio with that of their environment or potential prey, we can determine its diet and habitat usage.

The isotopes commonly used in trophic studies of sharks are δ13C and δ15N (Hussey et al., 2012; Kim et al., 2012; Estupiñán-Montaño et al., 2021; Calle-Moran et al., 2023). δ13C is an indicator of the energy source, i.e. where the species tends to feed (De Niro and Epstein, 1978; Phillips, 2014), while δ 15N is an indicator of the trophic level as well as the extent of its niche, as it tends to increase markedly between the different links in the trophic web (DeNiro and Epstein, 1981; Fry, 2006). Using this tool it has been possible to estimate more precisely the position or trophic level that a species can occupy in each ecosystem (Hussey et al., 2011; Estupiñán-Montaño et al., 2017), which prey species how wide or diverse its isotopic niche width can be and how flexible a population can be in moving between different habitats with different carbon sources (> δ13C and δ15N) (Kim et al., 2012; Tamburin et al., 2019). Similarly, this same tool has allowed us to learn a little more about tissue physiology and how, depending on the turnover rate, these tissues incorporate isotopic signals from the food in each tissue, so we can see different temporal feeding windows, allowing us in many cases to reconstruct the feeding ontogeny of a species (Hussey et al., 2012; Kim et al., 2012; Kiszka et al., 2015). Other studies have focused on evaluating the effects that some reagents could have on the δ13C and δ15N values stored in specific tissues, the effects could be different between groups or species (Kim and Koch, 2012; Bashir et al., 2020). However, there are a few approaches where the goal could be to use the SIA to propose conservation and management measures. An effective ecosystem-based fisheries management plan would require, among other things, detailed data on diet and food web interaction. If we improve our understanding of their biology and ecology, including what they eat, we can improve conservation management strategies and protect threatened marine life, such as sharks.

This Research Topic for Frontiers in Marine Science included manuscripts that focused on the use of the SIA approach to estimate or corroborate the use of specific habitats as nursery areas and the various biases and issues that researchers need to address when using tissues that have been stored or processed with different reagents. Paez-Rosas et al. used this tool to identify a nursery area for scalloped hammerhead sharks in the Eastern Tropical Pacific (ETP) by analyzing isotopic signals in the skin of newborns throughout the region, including the Galapagos Marine Reserve (GMR). The results showed that the S. lewini hatchlings found in the GMR have isotopic information similar to that of adult females living in the Galapagos archipelago, suggesting that they are direct descendants of these females. In contrast, shark newborns found off the continental coast of Ecuador have isotopic signatures similar to those of adult females from different locations in the ETP. Barragan-Barrera et al. proposed potential nursery areas for bonnethead (S. tiburo) and Caribbean sharpnose (C. porosus) sharks off the Panamanian Caribbean coast. Their results revealed a higher proportion of small-adult sharks in the nursery area. The lack of competition between these two sympatric species, which use the prey available in coastal areas, allows for the coexistence of these two species.

Mohan et al. examined the habitat use and migratory patterns of young White Sharks (Carcharodon carcharias) by analyzing vertebrae obtained from coastal Mexican artisanal fisheries off central Baja California in the Pacific Ocean. The authors found that the mean δ15N values at the vertebral edges of sharks from the Gulf of California were +5‰ higher than those from the Pacific Ocean. This difference indicates intense denitrification in the Gulf food web and validates stable isotope analysis (SIA) as a method for tracking migration between these regions.

Shen et al. and Bennet-Williams et al. investigated how certain reagents affected the isotopic values of stored samples. Shen et al. initially assessed the impact of ethanol on the isotopic values of 12 predators and discovered significant in δ13C during the first 28 days. After this period, the variability decreased substantially. Based on their findings, the researchers recommended that samples of oceanic species stored in museums could be used for lipid extraction to obtain reliable isotopic results. Bennet-Williams et al. tested various reagents to reduce lipid and urea bias in tissue samples. They found that a combination of Deionized Water (DW) and Chloroform/Ethanol was most effective in standardizing δ13C and δ15N values in muscle and fin tissues. However, because of considerable individual variation, DW + CL E was unsuitable for plasma. Consistent results were observed for red blood cells (RBC), indicating that DW + CL E may be effective for these tissues. Nevertheless, further research is required to understand species-specific effects.

These manuscripts emphasize the importance of using stable isotope analysis (SIA) to validate critical habitats for endangered species like sharks. They also highlight the potential of museum-stored samples treated with protective reagents to infer a species’ trophic ecology and history, aiding in the development of management measures.




Author contributions

CP-S: Writing – original draft, Writing – review & editing. CB: Writing – review & editing.





Funding

The author(s) declare that no financial support was received for the research, authorship, and/or publication of this article.





Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.





References

 Bashir, Z., Abdullah, M. M., and Rusli, M. U. (2020). Comparisons between tissues, preservation, and desiccation methods on stable isotopes δ 13 C and δ 15 N of spot-tail sharks (Carcharhinus sorrah) from the South China Sea. Turk. J. Fish. Aqua. Sci. 20(9), 711–716. doi: 10.4194/1303-2712-v20_9_01

 Calle-Morán, M. D., Erazo-Garcés, H. M., Hernández-Téllez, A. R., Galván-Magaña, F., and Estupiñán-Montaño, C. (2023). Feeding ecology of the shortfin mako shark, Isurus oxyrinchus, in the Ecuadorian Pacific Ocean. J. Mar. Biol. Asso. Unit King 103, e96. doi: 10.1017/S0025315423000863

 De Niro, M. J., and Epstein, S. (1978). Influence of diet on the distribution of carbon isotopes in animals. Geochim. Cosmochim. Acta 42, 495–506. doi: 10.1016/0016-7037(78)90199-0

 DeNiro, M. J., and Epstein, S. (1981). Influence of diet on the distribution of nitrogen isotopes in animals. Geochim. Cosmochim. Acta 45, 341–351. doi: 10.1016/0016-7037(81)90244-1

 Estupiñán-Montaño, C., Galván-Magaña, F., Tamburin, E., Sánchez-González, A., Villalobos-Ramírez, D. J., Murillo-Bohorquez, N., et al. (2017). Trophic inference in two sympatric sharks, Sphyrna lewini and Carcharhinus falciformis (Elasmobranchii: Carcharhiniformes), based on stable isotope analysis at Malpelo Island, Colombia. Ac. Ichthyol. Pis. 47, 357–364. doi: 10.3750/AIEP/02177

 Estupiñán-Montaño, C., Tamburin, E., and Delgado-Huertas, A. (2021). New insights into the trophic ecology of the scalloped hammerhead shark, Sphyrna lewini, in the eastern tropical Pacific Ocean. Env. Biol. Fish 104, 1611–1627. doi: 10.1007/s10641-021-01187-4

 Fry, B. (2006). Stable isotope ecology (New York: Springer). doi: 10.1007/0-387-33745-8

 Hussey, N. E., Dudley, S. F., McCarthy, I. D., Cliff, G., and Fisk, A. T. (2011). Stable isotope profiles of large marine predators: viable indicators of trophic position, diet, and movement in sharks? Can. J. Fish Aqua. Sci. 68, 2029–2045. doi: 10.1139/f2011-115

 Hussey, N. E., MacNeil, M. A., Olin, J. A., McMeans, B. C., Kinney, M. J., Chapman, D. D., et al. (2012). Stable isotopes and elasmobranchs: tissue types, methods, applications and assumptions. J. Fish Biol. 80, 1449–1484. doi: 10.1111/j.1095-8649.2012.03251.x

 Kim, S. L., and Koch, P. L. (2012). Methods to collect, preserve, and prepare elasmobranch tissues for stable isotope analysis. Env. Biol. Fishes 95, 53–63. doi: 10.1007/s10641-011-9860-9

 Kim, S. L., Tinker, M. T., Estes, J. A., and Koch, P. L. (2012). Ontogenetic and among-individual variation in foraging strategies of northeast Pacific white sharks based on stable isotope analysis. PloS One 7, e45068. doi: 10.1371/journal.pone.0045068

 Kiszka, J. J., Aubail, A., Hussey, N. E., Heithaus, M. R., Caurant, F., and Bustamante, P. (2015). Plasticity of trophic interactions among sharks from the oceanic south-western Indian Ocean revealed by stable isotope and mercury analyses. Deep Sea Res. Part I: Oceanographic Res. Papers 96, 49–58. doi: 10.1016/j.dsr.2014.11.006

 Phillips, D. L., Inger, R., Bearhop, S., Jackson, A. L., Moore, J. W., Parnell, A. C., et al. (2014). Best practices for use of stable isotope mixing models in food-web studies. Can. J. Zool. 92, 823–835. doi: 10.1139/cjz-2014-0127

 Tamburin, E., Kim, S. L., Elorriaga-Verplancken, F. R., Madigan, D. J., Hoyos-Padilla, M., Sánchez-González, A., et al. (2019). Isotopic niche and resource sharing among young sharks (Carcharodon carcharias and Isurus oxyrinchus) in Baja California, Mexico. Mar. Ecol. Prog. Ser. 613, 107–124. doi: 10.3354/meps12884




Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2024 Polo-Silva and Bustamante. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/logo.jpg
& frontiers | Frontiers in Marine Science





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Editorial: The use of stable isotope ecology in sharks

      

        		

          Author contributions

        



        		

          Funding

        



        		

          Conflict of interest

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fmars.2024.1442796_cover.jpg
& frontiers | Frontiers in Marine Science

Editorial: The use of stable isotope ecology
in sharks





