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The first documented instance of predation on a prickly shark (Echinorhinus cookei) by orcas (Orcinus orca) in the shallow waters of the southwestern Gulf of California, particularly around Cerralvo Island, is presented. The observation was made possible through a combination of local ecological knowledge and citizen science efforts, demonstrating the value of community involvement in marine research. Both the vulnerability of prickly sharks to industrial fishing and the deep- water sharks limited ecological knowledge in the Gulf of California emphasize the significance of this sighting. The findings underscore the necessity for ongoing research and conservation efforts, highlighting the importance of the integration of the local ecological knowledge and citizen science to protect this species' habitat in the Gulf of California and beyond.
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Introduction

The prickly shark, Echinorhinus cookei, is locally known by artisanal fishermen as “malaya” in Cerralvo Island in the Southwestern Gulf of California. It is a deep-sea benthopelagic elasmobranch species found in depths between 11 and 1,100 meters (1). They participate in evening upward migrations facilitated by its positive buoyancy, possibly as an adaptive strategy for easier vertical migration or as a hunting tactic to attack prey from below (2). Males typically reach sexual maturity around 12 years, while females reach maturity at approximately 18 years (3). Females are aplacental viviparous and exhibit high fecundity, with some records indicating a single specimen carrying up to 114 pups (4).

The orca, Orcinus orca, is the largest member of the dolphin family (Delphinidae). These highly intelligent and social marine mammals are characterized by their distinctive black and white coloration, robust bodies, and large dorsal fins (5). They are apex predators, feeding on a diverse diet that includes fish, squid, and marine mammals (6). They are found in all the world's oceans, inhabiting both polar and tropical areas, and exhibiting complex social structures and behaviors (7). Orcas are known for their sophisticated hunting techniques and coordinated behavior patterns, and as a result have become one of the most widely studied and recognizable marine species (8).

The Gulf of California is renowned for its high biodiversity and unique oceanographic conditions which supports a wide array of marine species, like prickly sharks and killer whales. Cerralvo Island is a prominent landmass characterized by rugged terrain surrounded by diverse marine habitats. Upwelling and oceanic currents in the vicinity of Cerralvo Island contribute to the high productivity of the region, and in turn supports thriving marine ecosystems (9). However, this region is subject to intensive industrial fishing activities, particularly shrimp trawling, which poses significant threats to the integrity of deep-sea habitats. The late maturity of prickly sharks compared to bony fishes, makes this group less resilient to anthropogenic activities (10). The presence of prickly sharks in demersal areas targeted by fishing activities raises concerns about the species' vulnerability to incidental capture in fishing gear (10).

The IUCN Red List designates the prickly shark as “Data Deficient,” showing critical gaps in understanding its population dynamics, distribution, and ecological status (11). The limited encounters with prickly sharks in the Mexican Pacific, including a few within the Gulf of California, prompt further inquiry into the species' ecological dynamics and geographic range (12). Thorough surveys, research, and monitoring initiatives must be carried out to guarantee effective conservation strategies for deep sea shark species, such as prickly sharks. Additionally, collaboration among scientists, policy makers, and local communities is essential to gather necessary data and implement protective measures (13).

In Mexico and around the world, Local Ecological Knowledge (LEK) and citizen science have played important roles in filling the information gaps in shark ecology. Shaff et al. (13) employed LEK from shark fishermen in Islas Marias, a group of islands in the Mexican Pacific, to identify declines in shark abundance over the past decade and reported observations of 15 species of sharks. A study by Calatayud-Pavía et al. (14) used citizen science from a shark tourism operator and determined that the main environmental drivers influencing pelagic shark presence was sea surface temperature, wind speed and the La Niña and El Niño-Southern Oscilation (ENSO) events. Another study in the Mexican Caribbean by Blanco-Parra et al. (36) utilized citizen science from dive centers and interviews with experienced scuba divers and found trends of elasmobranchs to be decreasing and identified 24 elasmobranch species. The inclusion of LEK and citizen science initiatives has proven invaluable in supplementing traditional scientific approaches and expanding our understanding of marine ecosystems.

Here, we provide new insights into the interactions between prickly sharks and orcas. This observation represents the first documented predation event of Orcas on Prickly Sharks, contributing to the limited understanding of both Orca predatory ecology and the natural history of the Prickly Shark. Notably, we present a groundbreaking observation of an entire prickly shark being preyed by a pod of orcas in the shallow waters near Cerralvo Island, in the southwestern Gulf of California. This unprecedented sighting challenges prevailing assumptions regarding the habitat preferences of prickly sharks and calls attention to the importance of interdisciplinary collaboration in marine research. By combining scientific expertise with insights from local communities and citizen scientists, we highlight the ecological significance of this observation.



Methods

Cerralvo Island, also known as Jacques Cousteau Island (24”12′N, 109”48′W), is a volcanic island located in the southwestern region of the Gulf of California. It is separated from the peninsula by a 13 km canal with a depth of up to 500 m on the western side of the island and depths of up to 1,600 m on the eastern side (9). It lies close to the mouth of the Gulf of California making it an area characterized by complex oceanographic attributes. The bathymetry and oceanographic factors of this marine region make it an ideal habitat for deep water species of sharks, where up to 26 species of chondrichthyans have been reported [Figure 1; (9)].
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FIGURE 1
 Location of the record of predation on a prickly shark (Echinorhinus cookei) by orcas (Orcinus orca) in the southwestern Gulf of California. The white asterisk marks the location of the predation record.


To determine the presence of prickly sharks, a multifaceted approach was used, integrating literature review, citizen science, and local ecological knowledge. The citizen science program involved engaging nature-based tourism operators and divers to report sightings of megafauna around Cerralvo Island. Outreach campaigns were conducted to recruit participants, utilizing emails, phone calls, and social media platforms to connect with companies and organizations. Participants were provided with clear instructions on how to record and report their observations, which included the date, time, and GPS location of sightings. They were also encouraged to submit digital materials, such as photos and videos, via email. Additionally, the photographs capturing a predation event of a prickly shark by orcas were used to study the hunting strategies, coordination, and communication methods of the orcas. Divers were requested to grant permission for their digital materials to be analyzed and published.

Interviews and informal conversations were conducted with artisanal shark fishermen from the Agua Amarga community that operate on Cerralvo Island, 100% fishermen had elementary school level, with over 10 years of fishing experience. These interactions provided insights into sightings, locations, habitat preferences, sizes, and historical trends of prickly sharks over a four-year period from 2020 to 2024. Local fishermen helped verify the species based on photographic evidence and diagnostic characteristics, with confirmation from shark experts. Additionally, existing fish collections preserved by local institution were reviewed to gather historical data on the presence of prickly sharks in the region. Maturity information was based on observations published by Last and Stevens (15), noting that prickly sharks reach sexual maturity at 290 cm total length (TL) for females and 240 cm TL for males (4).

The study area described is not protected by the Mexican authorities and is potentially exposed to industrial fishing activities registered in the region. To assess the extent of these activities, data on industrial fishing efforts from 2020 to 2024 were analyzed. This analysis utilized Automatic Identification System (AIS) and Vessel Monitoring System (VMS) data, which track the movements and activities of fishing vessels. These datasets were obtained from Global Fishing Watch (GFW; http://www.globalfishingwatch.org). GFW employs advanced algorithms to interpret the AIS and VMS data, identifying when and where industrial fishing activities occurred.



Results

From June to August (2020–2024), local shark fishermen in Agua Amarga reported consistently catching prickly sharks in the waters around Cerralvo Island, with an average of 10–12 sharks captured each year. They captured individuals using benthic gill nets deployed to target angel sharks (Squatina californica) in demersal areas. The individuals were typically encountered at depths ranging from 100 to 150 m, ~200 meters offshore. Captured sharks exhibited total lengths ranging from 1.5 m to 3 m, indicating that a mix of juvenile and sub-adult individuals inhabit the region. According to literature, there are 12 records of prickly sharks in the Mexican Pacific and Gulf of California (Table 1).


TABLE 1 Historical records of prickly sharks in the Mexican Pacific and Gulf of California.
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The recorded predation event was provided by citizen scientists. The photographs were taken with a SONY Alpha 1, from a distance of 15 m. Species identification was determined based on taxonomic features observed in the photographs (Pers. comms. Hoyos and Ebert). This event revealed a coordinated hunting strategy employed by a pod of orcas targeting a solitary prickly shark. The encounter lasted approximately 40 min, during which the pod of orcas employed tail slaps and strategic positioning, along with observed teamwork, to immobilize the shark. Despite its defensive adaptations, including spiny dermal denticles, the shark was ultimately subdued by the coordinated assault of the pod. The predation event provided a rare opportunity to observe the feeding behavior of orcas in a deep-sea environment and highlighted their adaptability and versatility as apex predators (Figure 2).
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FIGURE 2
 Record of predation on a prickly shark by orcas in the southwestern Gulf of California (Photography taken by Irene Orozco): (A) A prickly shark with a large bite by orcas; (B) orcas approaching a prickly shark; (C) Orca splitting a prickly shark in two parts.


The results of industrial fishing effort, determined by AIS and VMS data from 2020 to 2024, highlight the significant industrial fishing activities within the area where prickly sharks have been reported. In certain areas within the region, the data indicated that fishing efforts exceeded 100 h per 8 square kilometers (Figure 3). This high level of activity poses a potential threat to the local marine ecosystem and species like the prickly shark.
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FIGURE 3
 Comparison of the fishing industry activity and the records of prickly sharks. Yellow dots show the apparent fishing effort in hours per 8 square km obtained from GFW (http://www.globalfishingwatch.org); the red dot shows the locations of past records of prickly sharks: (A) San Jose Island, Gulf of California described by Mariano-Meléndez and Villavicencio-Garayzar (16); (B) La Paz Bay, Gulf of California described by Mariano-Meléndez and Villavicencio-Garayzar (16); (C) Cerralvo Island, Gulf of California described by Mariano-Meléndez and Villavicencio-Garayzar (16) and (D) this present study.




Discussion


Interaction between orcas and prickly shark: a game between predator and prey

Based on the results of this study, it is apparent that both orcas and prickly sharks coexist in the waters surrounding Cerralvo Island. According to previous studies, orcas have developed specialized hunting techniques or preferences for specific prey items (Table 1). Higuera-Rivas et al. (20) observed the same pod of orcas on five different occasions hunting groups of rays (Mobula munkiana, Rhinoptera steindachneri and Pteroplatytrygon violacea) close to the study area. Orcas in the Gulf of California have also been reported to prey on marine mammals like Delphinus delphis (21). Furthermore, their teeth have been found to be completely worn down during examination of stranded individuals (22). This finding coincides with offshore ecotype orcas in Canada that prey on sharks and likewise exhibit tooth abrasions caused by contact with dermal denticles that compose shark skin (23). This suggests that some pods in the Gulf of California may also favor sharks as prey (22).

In Cabo Pulmo National Park, a group of orcas was reported repeatedly hunting sharks, with one hunt of a bull shark (Carcharhinus leucas) reported as successful. This pod includes three identified orcas known as “Quetzali,” “Niich” and “Waay”, belonging to the elasmobranch-eating pod of the region (37). Prickly sharks, with their relatively large size and slow-moving nature, are likely a suitable target for this group of orcas, particularly when other preferred prey species are scarce. In the Gulf of California, records of Prickly Sharks are scarce and primarily incidental, often associated with deep, cold-water habitats. Our observation near Cerralvo Island represents one of the few documented sightings in shallow waters, suggesting a potential underestimation of their habitat range in this region. This unprecedented sighting challenges prevailing assumptions regarding the habitat preferences of prickly sharks, given the absence of prior records in shallow waters and the limited knowledge of their range in the Gulf of California. Additionally, it calls attention to the importance of interdisciplinary collaboration in marine research. By combining scientific expertise with insights from local communities and citizen scientists, we emphasize the ecological significance of this observation. Further studies using eDNA, tagging, and local ecological knowledge are essential to provide a more comprehensive understanding of the distribution and ecological role of Prickly Sharks in the Gulf of California. Orcas also portray opportunistic feeding behavior, adapting their diet based on the availability of prey, with a few registries reporting predation on whale sharks and sea turtles (24, 25).



Ecological insights; habitat and anthropogenic interactions for prickly sharks

Local ecological knowledge suggests that Cerralvo Island and its surrounding waters provide suitable conditions for prickly sharks, as evidenced by sightings and the expertise of artisanal fishermen in the area. Observations of prickly sharks aggregating around seamounts in the Eastern Pacific near Panama (26) align with the presence of small hammerhead sharks, which are preyed by prickly sharks (26, 27). Similarly, several seamounts in the southwestern Gulf of California, are also frequented by hammerhead sharks and could be suitable habitat for prickly sharks (26, 28, 29).

Studies of prickly sharks have demonstrated instances of site fidelity for the Monterey Canyon, with 15 individuals exhibiting navigation patterns along the canyon axis over a year of monitoring (30). The southwestern region of the Gulf of California, characterized by its seamounts and submarine canyons—particularly the submarine canyons southeast of Cerralvo Island bordering the Pescadero Basin Complex—may serve as crucial hotspots for prickly sharks and other deep-sea species (31, 32). During the spring season, prickly sharks may migrate to southern coastal zones for reproduction, potentially following cold water currents (38), similar to the migratory patterns observed in dusky sharks, Carcharhinus obscurus (4, 39). Additionally, it is possible that prickly sharks migrate to deeper waters, tracking the isotherm of 9–11°C (40). Further research is needed to enhance our understanding of how prickly sharks interact with their environment.

By comparing the overlaps in fishing activity data with sightings of prickly sharks, we achieved a better understanding of the potential impacts of industrial fishing on the distribution and behavior of this species. Overexploitation has already resulted in the decline of top predators in the Gulf of California (33). Consequently, orcas might target deep-sea species, potentially increasing predation pressure on prickly sharks and other deep-sea organisms. This may in turn result in cascading trophic impacts on deep sea food webs, as shown by other studies (34, 35). For instance, the Southern Resident killer whale population, the primary threat to its viability is the scarcity of its preferred prey (41). Meanwhile, for orcas inhabiting the Gulf of California, fishing activity may be influencing their predation habits.




Conclusion

Our research constitutes a notable advancement in expanding our comprehension of the distribution patterns of prickly sharks within the Gulf of California and its relationship with their predators, notably orcas. Prior to our investigation, this region has suffered from a notable gap in comprehensive data concerning the presence and spatial dynamics of this species. This enhanced understanding is instrumental not only for academic pursuits but also for improving conservation efforts and management strategies aimed at safeguarding the biodiversity and ecological integrity of this marine ecosystem. Future research should focus on long-term monitoring and tagging studies to further elucidate movement patterns, habitat preferences, and ecological roles of prickly sharks in this dynamic environment.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics statement

The manuscript presents research on animals that do not require ethical approval for their study.



Author contributions

FL-L: Conceptualization, Data curation, Formal analysis, Funding acquisition, Investigation, Methodology, Project administration, Resources, Software, Supervision, Validation, Visualization, Writing – original draft, Writing – review & editing. MG: Conceptualization, Data curation, Formal analysis, Funding acquisition, Investigation, Methodology, Project administration, Resources, Software, Supervision, Validation, Visualization, Writing – original draft. AQ-P: Conceptualization, Data curation, Formal analysis, Funding acquisition, Investigation, Methodology, Project administration, Resources, Software, Supervision, Validation, Visualization, Writing – original draft, Writing – review & editing.



Funding

The author(s) declare that financial support was received for the research and/or publication of this article. This research was supported by the Blue Marine Foundation and Fundación Intercam. The Blue Marine Foundation contributed to the project's design and implementation, particularly in areas related to marine conservation strategies. Fundación Intercam provided financial support for data collection and analysis, ensuring the comprehensive assessment of key environmental factors. The funders had no role in the interpretation of the data or the final conclusions drawn in this study.



Acknowledgments

We thank our partners from the shark fishermen of Proyecto Tiburón: Pancho, Felix, Chelin, Chelinsin, Bolillo, Tobias, and Rios, for kindly supporting our research monitoring program. We also thank Irene Orozco, Cristobal Perez, and Nomad diving for providing their photographs for this research.



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.



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.



Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/frish.2025.1437507/full#supplementary-material



References

 1. Cox G, Francis M. Sharks Rays of New Zealand. Christchurch: Canterbury Univ Press, Univ of Canterbury. (1997). 68p.

 2. Nakamura I, Meyer CG, Sato K. Unexpected positive buoyancy in deep sea sharks, Hexanchus griseus, and a Echinorhinus cookei. PLoS ONE. (2015) 10:e0127667. doi: 10.1371/journal.pone.0127667

 3. Ebert DA. Sharks, rays, and chimaeras of California. Berkeley: University of California Press. (2003) 284p.

 4. Compagno LJV. Sharks of the world: an annotated and illustrated bibliography of species known to date. In: FAO Species Catalogue No. 4, Parts 1 and 2. Rome: FAO. (1984).

 5. Ford JK. Killer whale: Orcinus orca. In: Encyclopedia of Marine Mammals. Cambridge, MA: Academic Press. (2009). p. 650–657.

 6. Baird RW. “The killer whale,” in Cetacean Societies: Field Studies of Dolphins and Whales. University of Chicago Press (2000). p. 153.

 7. Dahlheim ME, Heyning JE. Killer whale Orcinus orca (Linnaeus, 1758). Handb Marine Mammals. (1999) 6:281–322.

 8. Hoelzel AR. Killer whale predation on marine mammals at Punta Norte, Argentina; food sharing, provisioning and foraging strategy. Behav Ecol Sociobiol. (1991) 29:197–204. doi: 10.1007/BF00166401

 9. Galván-Magaña FG, España HP, Chávez-Ramos H, Romero JR, Cárdenas LAA. Lista sistemática de los peces de la Isla Cerravalo, Baja California Sur, México. Ciencias Marinas. (1996) 22:295–311. doi: 10.7773/cm.v22i3.863

 10. Camhi MD, Valenti SV, Fordham SV, Fowler SL, Gibson C. The conservation status of pelagic sharks and rays: report of the IUCN shark specialist group pelagic shark red list workshop. In: IUCN Species Survival Commission Shark Specialist Group. Newbury: IUCN. (2009). 78p.

 11. Finucci B. Echinorhinus cookei. In: The IUCN Red List of Threatened Species. IUCN (2018).

 12. Rosales Vazquez JI, Anislado-Tolentino V, Miranda BE. New record of the prickly shark Echinorhinus cookei (Pietschmann, 1928) and evidence of scavenging by the coyote Canis latrans (Say, 1823) in Bahia de Los Angeles, Baja California, Mexico. Aquatic Research. (2023) 6:64–71. doi: 10.3153/AR23007

 13. Shaff JF, Santiago IAM, Ilosvay XE, Tovar-Ávila J, Ojea E, Beaudreau AH, et al. Documenting historical changes in shark fisheries near Islas Marías, Mexico, using fishers' local ecological knowledge. Fish Res. (2023) 265:106748. doi: 10.1016/j.fishres.2023.106748

 14. Calatayud-Pavía CE, Suárez FM, Brunetti J, Eliceche M, Ayres KA. Seasonal occurrence and environmental drivers of pelagic shark species in Los Cabos, Mexico, assessed using citizen science. Environ Biol Fishes. (2023) 106:1551–67. doi: 10.1007/s10641-023-01434-w

 15. Last P, Steven J. Sharks and Rays of Australia Fisheries Research and Development Corporation. CSIRO (1994).

 16. Mariano-Meléndez E, Villavicencio-Garayzar CJ. Cuatro tiburones y una raya en la costa noroccidental de México. Rev Biol. Trop. (1998) 46:465–467.

 17. Aguirre H, Madrid VJ, Virgen JA. Presence of Echinorhinus cookei off central Pacific Mexico. J Fish Biol. (2002) 61:1403–9. doi: 10.1111/j.1095-8649.2002.tb02485.x

 18. Álvarez-León R, Castro-Aguirre JL. Notas sobre la captura incidental de dos especies de tiburón en las costas de Mazatlán (Sinaloa) México. Stud Neotrop Fauna Environ. (1983) 18:201–7. doi: 10.1080/01650528309360635

 19. Ruiz-Campos G, Castro-Aguirre JL, Balart EF, Campos-Dávila L, Vélez-Marín R. New specimens and records of chondrichthyan fishes (Vertebrata:Chondrichthyes) off the Mexican Pacific coast. Revista Mexicana de Biodiversidad. (2010) 81:363–371. doi: 10.22201/ib.20078706e.2010.002.259

 20. Higuera-Rivas JE, Hoyos-Padilla EM, Elorriaga-Verplancken FR, Rosales-Nanduca H, Rosenthal R, Urbán J. Orcas (Orcinus orca) use different strategies to prey on rays in the gulf of California. Aquat Mammals. (2023) 49:7. doi: 10.1578/AM.49.1.2023.7

 21. Cosentino M, Oria N. Insights into the foraging behavior of an understudied orca population. Latin Am J Aquatic Anim. (2021) 16:2236–1057. doi: 10.5597/lajam00272

 22. Guerrero-Ruiz M, Pérez-Cortés H, Salinas M, Urbán J. First mass stranding of killer whales (Orcinus orca) in the Gulf of California, Mexico. Aquatic Mammals. (2006) 32:265–72. doi: 10.1578/AM.32.3.2006.265

 23. Ford J, Ellis G, Matkin C, Wetklo M, Barrett-Lennard L, Withler R. Shark predation and tooth wear in a population of northeastern Pacific killer whales. Aquatic Biol. (2011) 11:213–24. doi: 10.3354/ab00307

 24. Guerrero-Ruiz M, Urban RJ, Gendron D, Rodriguez ME. Prey items of killer whales in the Mexican Pacific (Paper SC/59/SM14). In: Presented to the International Whaling Commission Scientific Committee, Anchorage, Alaska. UABCS (2007). 6p.

 25. Ortega-Ortiz CD. Expanding information on the prey items and hunting tactics of the eastern tropical pacific killer whale (Orcinus orca) ecotype. Exam Marine Biol Oceanogr. (2023) 6:635. doi: 10.31031/EIMBO.2023.06.000635

 26. Guzmán HM, Real CK, Kaiser S. First evidence of prickly shark, Echinorhinus cookei Pietschmann 1928, aggregation on seamounts in the eastern Pacific, Panama. J Fish Biol. (2024) 104:2081–5. doi: 10.1111/jfb.15720

 27. Martin U, Mallefet J. The diet of deep-water sharks. Deep Sea Res Part I. (2023) 192:103898. doi: 10.1016/j.dsr.2022.103898

 28. Klimley AP, Butler SB, Nelson DR, Stull AT. Diel movements of scalloped hammerhead sharks, Sphyrna lewini Griffith and Smith, to and from a seamount in the Gulf of California. J Fish Biol. (1988) 33:751–61. doi: 10.1111/j.1095-8649.1988.tb05520.x

 29. Klimley A, Butler S. Immigration and emigration of a pelagic fish assemblage to seamounts in the Gulf of California related to water mass movements using satellite imagery. Mar Ecol Prog Ser. (1988) 49:11–20. doi: 10.3354/meps049011

 30. Dawson CL, Starr RM. Movements of subadult prickly sharks Echinorhinus cookei in the Monterey Canyon. Mar Ecol Prog Ser. (2009) 386:253–62. doi: 10.3354/meps08067

 31. Muhlia-Melo A, Kimley P, González-Armas R, Jorgensen S, Trasviña-Castro A, Rodríguez-Romero J, et al. Pelagic fish assemblages at the Espiritu Santo seamount in the Gulf of California during El Niño 1997-1998 and non-El Niño conditions. Geofísica Int. (2003) 42:473–81. doi: 10.22201/igeof.00167169p.2003.42.3.936

 32. Ramírez-Zerpa N, Spelz RM, Yarbuh I, Negrete-Aranda R, Contreras J, Clague DA, et al. Architecture and tectonostratigraphic evolution of the Pescadero Basin Complex, southern Gulf of California: analysis of high-resolution bathymetry data and seismic reflection profiles. J South Am Earth Sci. (2022) 114:103678. doi: 10.1016/j.jsames.2021.103678

 33. Ayres KA, Lara-Lizardi F, Roberts CM, Pisco-Limones W, Klimley P, Jorgensen SJ, et al. Local diver knowledge reveals decline in scalloped hammerhead sharks (Sphyrna lewini) at seamounts in the southwestern Gulf of California. Marine Policy. (2024) 159:105915. doi: 10.1016/j.marpol.2023.105915

 34. Pauly D. Tropical fishes: patterns and propensities. J Fish Biol. (1998) 53:1–17. doi: 10.1006/jfbi.1998.0810

 35. Myers RA, Baum JK, Shepherd TD, Powers SP, Peterson CH. Cascading effects of the loss of apex predatory sharks from a coastal ocean. Science. (2007) 315:1846–50. doi: 10.1126/science.1138657

 36. Blanco-Parra MP, Gasca AA, Rincón CAR, Martínez NHG, Niño-Torres CA. Citizen science as a tool to get baseline ecological and biological data on sharks and rays in a data-poor region. Sustainability. (2022) 14:6490. doi: 10.3390/su14116490

 37. Ayres KA, Gallagher AJ, Higuera-Rivas JE. Orca (Orcinus orca) and shark predator-prey interactions within Cabo Pulmo National Park in the Gulf of California, Mexico. Front Mar Sci. (2024) 11:1407379. doi: 10.3389/fmars.2024.1407379

 38. Fiedler PC. Seasonal Climatologies and Variability of Eastern Tropical Pacific Surface Waters. NOAA Technical Report NMFS 109. U.S Department of Commerce (1992). p. 65.

 39. Villavicencio Garayzar CJ. Reproducción de Carcharhinus obscurus (Pisces: Carcharbinidae), en el Pacífico Nororiental. Revista de Biología Tropical. (1996) 44:287–9.

 40. Chávez-Ramos H, Castro-Aguirre JL. Notas y observaciones sobre la presencia de Echinorhinus cookei Pietschmann, 1928, en el Golfo de California, México. An Esc Nac Cien Biol. (1974) 21:155–64.

 41. Lacy RC, Williams R, Ashe E, Balcomb III KC, Brent LJ, Clark CW, et al. Evaluating anthropogenic threats to endangered killer whales to inform effective recovery plans. Sci Rep. (2017) 7:14119.

Copyright
 © 2025 Lara-Lizardi, Gómez and Quintero-Perez. 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.



OPS/images/frish-03-1437507-g003.gif
£






OPS/images/frish-03-1437507-t001.jpg
Reference Location TL (cl Depth Fishing ge:
Mariano-Meléndez and Villavicencio-Garayzar (16) Socorro Island, Revillagigedo 295, 306 120-130 Gill net
San José Island, Gulf of California 131,170, 168, 211 144-160 Gill net
La Paz Bay, Gulf of California 145.4 Unkown
Cerralvo Island, Gulf of California 280 270 Unkown
Aguirre and Virgen (17) Michoacan, Mexican Pacific Unknown Unkown Unkown
Alvarez-Le6n and Castro-Aguirre (18) Mazatlan, Mexican Pacific Unknown 25 Hook and line
Ruiz et al. (19) Punta Lobos, Mexican Pacific 294 Near surface Longline
Off Magdalena Bay, Mexican Pacific 81 127-181 Crab trap
Rosales- Vasquez et al. (12) Bahia de los Angeles, Gulf of California 2627 Unkown Naturally stranded
This study Cerralvo Island, Gulf of California 180 Near surface Predation event






OPS/xhtml/Nav.xhtml




Contents





		Cover



		First record of orcas (Orcinus orca) preying on a prickly shark (Echinorhinus cookei) in the Gulf of California: insights into shark ecology



		Introduction



		Methods



		Results



		Discussion



		Interaction between orcas and prickly shark: a game between predator and prey



		Ecological insights; habitat and anthropogenic interactions for prickly sharks







		Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher's note



		Supplementary material



		References

















OPS/images/cover.jpg
@ frontiers | Frontiers in Fish Science

First record of orcas (Orcinus
orca) preying on a prickly shark
(Echinorhinus cookei) in the Gulf
of California: insights into shark

ecology





OPS/images/frish-03-1437507-g001.gif
2
‘1102

101

110

1009 1098
Longitude (W)

1097

1096

1095

Depth (meters)





OPS/images/frish-03-1437507-g002.gif











OPS/images/crossmark.jpg
©

|






OPS/images/logo.jpg
& frontiers | Frontiers in Fish Science







